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ABSTRACT

This report presents the findings of a study of the farm-raised
catfish, crab, shrimp, and tuna processing segments of the canned
and preserved seafood processing industry for the purpose of
developing effluent limitations gquidelines for point source and
and new source standards of performance for new sources in order
to implement Sections 304, 306, and 307 of +the Federal Water
Pollution Control Act Amendments of 1972 (the Act).

The seafood processing plants included in this study were those
processing farm-raised catfish, crab, shrimp and tuna. Other
agquatic and marine species are the subject of a separate study,
which is to be published at a later date.

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 Performance for New
Sources" set forth a degree of effluent reduction which is
achievable through the application of the best available demon-
strated control technology processes, operating methods or other
alternatives.

The effluent 1limitations to be met by July 1, 1977 and the New
Source Performance Standards are based on the best biological or
physical-chemical treatment technology currently available. This
technology 1is represented by aerated lagoons, activated sludge,
or dissolved air flotation. The limitations to be met by July 1,
1983 are based on the best physical-chemical and biological
treatment and in-plant control as represented by reduced water
use and enhanced treatment efficiencies in pre-existing systems
as well as new systems.

Supportative data and rationale for development of the effluent

limitations guidelines and standards of performance are contained
in this report.
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SECTION I

CONCLUSIONS

For the purpose of establishing effluent 1limitations guidelines
for existing sources and standards of performance for new
sources, the farm-raised catfish, crab, shrimp and tuna segments
of the canned and preserved seafood processing industry are
divided into fourteen subcategories:

a) Farm—-Raised Catfish Processing

b) cConventional Blue Crab Processing

c) Mechanized Blue Crab Processing

d) Non-Remote Alaskan Crab Meat Processing

e) Remote Alaskan Crab Meat Processing

f) Non-Remote Alaskan Whole Crab and Crab Section Processing

g) Remote Alaskan Whole Crab and Crab Section Processing

h) Dungeness and Tanner Crab Processing in the Contiguous
States

i) Non—-Remote Alaskan Shrimp Processing

j) Remote Alaskan Shrimp Processing

k) Northern Shrimp Processing in the Contiguous States

1) Southern Non-Breaded Shrimp Processing in the Contiguous
States

m) Breaded Shrimp Processing in the Contiguous States

n) Tuna Processing.

The major criteria for the establishment of the subcategories were:

1) variability of raw material supply;

2) variety of the species being processed;

3) degree of preprocessing;

4) manufacturing processes and subprocesses;

5) form and quality of finished product;

6) location of plant;

7) nature of operation (intermittent versus continuous) ;
and

8) amenability of the waste to treatment.

The wastes from all subcategories are amenable +to biological
waste treatment under certain conditions and no materials harmful
to municipal waste treatment processes (with adequate operational
controls) were found.

A determination of this study was that the level of waste treat-
ment throughout the farm-raised catfish, crab, shrimp, and tuna
segments of the industry was generally inadequate. Technology
exists at the present time, however, for significant reduction of



respective waste water constituents within the industry. Because
waste treatment, in-plant waste reduction, and effluent manage-
ment are in their infancy in this industry, rapid progress is
expected to be made in the near future.



SECTION II

RECOMMENDATIONS

Effluent limitations for discharge to navigable waters are Dbased
in general on the characteristics of well-operating screening
systems, dissolved air flotation units, and biological treatment
systems. Parameters designated to be of significant importance
to warrant their routine monitoring in this industry, are S5-day
biochemical oxygen demand (BODS), total suspended solids (TSS),
oil and grease (08G), and pH.

The 1977 effluent limitations are presented in Table 1; The 1983
limitations, in Table 2; and new source performance standards, in
Table 3.
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Subcategory

Farm~Raised Catfish
Conventional Blue Crab
Mechanized Blue Crab
Non-Remote Alaskan

Crab Meat

Remote Alaskan Crab Meat
Non—-Raiiote Alaskan Whole
Crab and Crab Sections
Remote Alaskan Whole
Crab and Crab Sections
Dungeness + Tanner Crab
in the Contiguous States
Non—Remote Alaskan
Shrimp

Remote Alaskan Shrimp
Northern Shrimp
Southern Non-Breaded
Breaded Shrimp

Tuna

July 1, 1977 Guidelines

Parameter (kg/kkg or lbs/1000 1bs liveweight processed)
BOD TSS

Max 30-day Daily Max 30-day Daily Max 30-day Daily
Average Max Average Max Average Max
- - 9.2 28 3.4 10
- - 0.74 2.2 0.20 0.60
- - 12 36 4.2 13
- - 6.2 19 0.61 1.8
* * * * * *
- - 3.9 12 0.42 1.3
* * * * * *
- ~ 2.7 8.1 0.61 1.8
- - 210 320 17 51
* * * * * *
- - 54 160 42 126
- - 38 114 12 36
- - 93 280 12 36
9.0 23 3.3 8.3 0.84 2.1

* No pollutants may be discharged which exceed 1.27 am (0.5 inch) in any

dimension.

S = screen; GI = simple grease traps;

DAF = dissolved air flotation;
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Subcategory

Farm-Raised Catfish
Conventional Blue Crab
Mechanized Blue Crab
Non-Remote Alaskan

Crab Meat

Remote Alaskan Crab Meat
Non-Remote Alaskan Whole
Crab and Crab Sections
Remote Alaskan Whole
Crab and Crab Sections
Dungeness + Tanner Crab
in the Contiguous States
Non-Remote Alaskan
Shrimp

Reamote Alaskan Shrimp
Northern Shrimp
Southern Non-Breaded
Shrimp

Breaded Shrimp

Tuna

S = screen;

Table 2

Technology

Basis

S, GT, AL
S, GT, AL
S, GT, AL, IP

S, DAF,

Ip

s, Gr, IP

S, DAF,

Ip

S, GT, IP

S, DAF,

S, DAF,
S, DAF,

IP
IP
IpP
Ip

Ip
AS, TP

GT = simple grease trap;

July 1, 1983 Guidelines

Parameter (kg/kkg or lbs/1000 lbs liveweight processed)

BOD
Max 30-day Daily Max 30-day Daily Max 30-day Daily
Average Max Average Max Average Max
2.3 4.6 5.7 11 0.45 0.90
0.15 0.30 0.45 0.90 0.065 0.13
2.5 5.0 6.3 13 1.3 2.6
2.0 5.0 0.53 1.3 0.82 0.21
- - 5.3 16 0.52 1.6
1.3 3.3 0.33 0.83 0.048 0.12
- - 3.3 9.9 0.36 1.1
1.7 4.3 0.23 0.58 0.07 0.18
28 71 18 46 1.5 3.8
- - 180 270 15 45
27 68 4.9 12 3.8 9.5
10 25 3.4 8.5 1.1 2.8
17 43 7.4 19 1.0 2.5
0.62 2.2 0.62 2.2 0.077 0.27

Al = aerated lagoon;
DAF = dissolved air flotation; AS = activated sludge system

IP = in-plant change;
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Table 3 New Source Performance Standards
Subcategory Technology Parameter (kg/kkg or 1bs/1000 lbs liveweight processed)
Basis BOD TSS o+G

Max 30-day Daily Max 30-day Daily Max 30-day Daily

Average Max Average Max Average Max
Farm-Raised Catfish S, GT, AL 2.3 4.6 5.7 11 0.45 0.9
Conventional Blue Crab S, GI, AL 0.15 0.30 0.45 0.90 0.065 0.13
Mechanized Blue Crab S, GT, AL, IP 2.5 5.0 6.3 13 1.3 2.6
Non-Remote Alaskan S, GT, IP - - 5.3 16 0.52 1.6
Crab Meat
Remote Alaskan Crab Meat s, GT, IP - - 5.3 16 0.52 1.6
Non-Remote Alaskan Whole S, GT, IP - - 3.3 9.9 .36 1.1
Crab and Crab Sections
Remote Alaskan Whole S, GT, IP - - 3.3 9.9 0.36 1.1
Crab and Crab Sections
Dungeness + Tanner Crab S, DAF, IP 4.1 10 0.69 1.7 0.10 0.25
in the Contiguous States
Non-Remote Alaskan S, IP - - 180 270 15 45
Shrimp
Remote Alaskan Shrimp s, IP - - 180 270 15 45
Northern Shrimp S, DAF, IP 62 155 15 38 5.7 14
Southern Non-Breaded S, DAF, IP 25 63 10 25 1.6 4.0
Shrimp
Breaded Shrimp S, DAF, IP 40 100 22 55 1.5 3.8
Tuna S, DAF, IP 8.1 20 3.0 7.5 0.76 1.9

S = screen; GT = simple grease trap; Al = aerated lagoon; IP = in-plant change;

DAF = dissolved air flotation



SECTION III

INTRODUCTION

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 1limitations for point
sources, other than publicly owned 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 sSection 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 Administrator 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 vyear 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 procedure innovations,
operational methods and other alternatives. The regulations
proposed herein set forth effluent 1limitations guidelines
pursuant to Section 304(b) of +the Act for the canned and
preserved seafoods source category. Section 306 of the Act
requires the Administrator, within one year after a category of
sources 1is included in a 1list published pursuant to Section
306 (b) (1) (A) of the BAct, to propose regulations establishing
Federal standards of performances for new sources within such
categories. The Administrator published in the Federal Register
of January 16, 1973 (38 F.R. 1624), a 1list of 27 source
categories. Publication of the 1list constituted announcement of
the Administrator's intention of establishing, under Section 306,
standards of performance applicable to new sources for the canned
and preserved seafoods source category, which was included in the
list published January 16, 1973 (38 F.R. 1624), a list of 27



source categories. Publication of this . list constituted
announcement of the Administrator's intention of establishing,
under Section 306, standards of performance applicable to new
sources within the seafood industry category as delineated above,
which was included within the list published January 16, 1973.

Industry Background

The seafood industry in the United States is an integral part of
the food processing industry. The processors have been expanding
and improving methods of production from the days of drying and
salt curing to modern canning and freezing. Per capita
consumption of fish and shellfish in 1972 was 5.5 kg (12.2 1bs);
totaling 1,134,000 kkg (1,250,000 tons) in the United States.
The source and dispositon of seafood are shown in Figure 1. The
total value of these products in 1972, including animal feed and
other by-products, was a record $2.3 billion, 23 percent above
the previous year (N.M.F.S., 1973).

Regardless of the method of preservation, i.e., fresh-pack,
freezing, canning, or curing, the four segments of +the industry
considered in this study (catfish, crab, shrimp and tuna) use
variations of a common seafood processing method. Figure 2
schematically shows the general steps in this method: harvest,
storage, receiving, evisceration, precooking, picking or
cleaning, preservation and packaging. The following general
industry description is expanded in detail in Section IV for each
subcategory of the industry. This general description serves to
introduce the reader to the basic steps in seafood processing and
to provide a basic grasp of the processes prevalent among the
subcategories.

Ccatfish are raised in the southeastern United States; processing
is concentrated in Arkansas, Georgia, Alabama, Florida and
Mississippi. 1In 1972, farm-raised catfish production totaled
35,400 kkg (39,000 +tons); and wild catfish totaled 21,000 kkg
(23,000 tons). The production of farm-raised catfish is growing
rapidly, and has increased 180 percent since 1968.

The blue crab industry is located on the Eastern Seaboard and
Gulf Coast. It comprises the largest crab landings in the U. S.;
65,800 kkg (72,500 tons) were landed in 1972. Alaska king crab
followed the blue crab with 33,600 kkg (37,000 tons) landed. The
Pacific Coast snow (tanner) and Dungeness crab catches were
approximately 12,700 kkg (14,000 tons) in 1972 (N.M.F.S., 1973).

Shrimp are landed and processed on all three U. S. coastlines.
In 1972 the 1largest U. S. commerical 1landings, 103,400 kkg
(114,000 tons), were in the Gulf, followed by the Pacific
fisheries, where landings totaled 48,100 kkg (53,000 tons). New
England and the South Atlantic had 1landings of approximately
11,340 kkg (12,500 tons) each in 1972.
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The tuna industry, 1like shrimp, is highly mechanized. United
States landings for tuna in 1972 were 237,700 kkg (262,000 tons).
Over 171,000 kkg (188,500 tons) of that total was landed in the
Atlantic, Gulf and Pacific Coast states, including Hawaii.
Puerto Rico had landings of 66,700 kkg (73,500 +tons) in 1972.
Significant tonnages of tuna are purchased from Japanese,
Peruvian, and other foreign fishermen. As a part of this study
the wastes emanating from processing plants in each of the major
commodity areas of the United States were monitored. The plants
selected for monitoring were representative of the industry from
several standpoints: including size, age, level of technology,
and geographical distribution. Figures 3 and 4 locate the plants
sampled.

General Process_Description

Harvesting utilizes some of the oldest and newest technologies in
the industry. It may be considered a separate industry supplying
the basic raw material for processing and subsequent distribution
to the consumer. Harvest techniques vary according to species,
and consist of four general methods: netting, trapping, dredging,
and line fishing. Fishing vessels utilize the latest technology
for locating fish and shellfish and harvest them in the most
expedient and economical mannexr consistent with local
regulations. Once aboard the vessel, the catch either is taken
directly to the processor, or is iced or frozen for later
delivery.

The receiving operation usually involves three steps: unloading
the vessel, weighing, and transporting by conveyor or suitable
container to +the processing area. The catch may be processed
immediately or transferred to cold storage.

Preprocessing refers to the initial steps taken to prepare the
various fish and shellfish for the processes that follow. It may
include washing of dredged crabs, +thawing of frozen fish,
beheading shrimp at sea, de-icing shrimp, and other operations to
prepare the fish for butchering.

Wastes from the butchering and evisceration are wusually dry-
captured, or screened from the waste stream, and processed as a
fishery by-product.

Except for the fresh market fish, some form of cooking or pre-
cooking of the commodity may be practiced in order to prepare the
fish or shellfish for the picking and cleaning operation.
Precooking or blanching facilitates the removal of skin, bone,
shell, gills, and other materials. The steam condensate, or
stick water, from the tuna precook is often collected and further
processed as a by-product.

The fish is prepared in its final form by picking or cleaning to
separate the edible portions from non-edible portions. Wastes
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generated during this procedure are usually collected and saved
for by-product processing. Depending on the species, the
cleaning operation may be manual, mechanical, or a combination of
both. With fresh fish and fresh shelifish, the meat product is
packed into a suitable container and held under refrigeration for
shipment to a retail outlet. If the product is to be held for
extended periods of time before consumption, several forms of
preservation are used to prevent spoilage caused by bacterial
action and autolysis: freezing, canning, pasteurization and
refrigeration.

Bacterial growth 1is arrested at temperatures below =-9°C (16°F)
(Burgess, 1967). For this reason, freezing 1is an excellent
method of holding uncooked fish for an extended period of time.
Freezing is also advantageous because the meat remains es-
sentially unchanged, in contrast to canning, which alters the
product form. However, autolysis still continues at a reduced
rate, necessitating the consumption of the meat within approxi-
mately 6 months. Storage times vary from species to species.
Blanching prior to freezing inactivates many enzymes and further
slows autolysis.

Preservation by canning requires special equipment to f£ill the
can, add preservatives and seasonings, create a partial vacuum
and seal the can. A partial vacuum is necesary to avoid dis-
tortion of the can due to increased internal pressures during
cooking. After sealing, the cans are washed and retorted
(pressure-cooked) at approximately 115°C (2409F) for 30 to 90
minutes, depending on the can size. Although the enzymes are
inactivated at rather low temperatures, high temperatures must be
reached to insure the destruction of harmful anaerobic bacterial
spores. Clostridium botulinum, the most harmful of these, must
be subjected to a temperature of 116°C (240°F) for at least 8.7
minutes (Burgess, 1967). A longer cooking time is employed to
achieve this temperature throughout the can and to insure total
destruction of the bacteria. After the cook, the can 1is cooled
with water and the canned fish or shellfish is transported to the
labeling room for casing and shipment.

Process_Summary

Catfish

Sixty percent of +the catfish harvest is from farm ponds or
raceways; the rest are caught wild. They are transported alive,
iced, or "dry" (without ice), to the processing plant. At the
plant the fish are kept in live-holding tanks until ready to be
processed. They are usually stunned by electrocution. The fish
are then conveyed into the plant where the heads and dorsal £fins
are removed. They are then eviscerated and skinned. A final
cleaning removes adhering skin, fins, and blood. The fish are
weighed and packaged according to size; larger fish are cut into
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steaks or filleted; smaller fish are packaged whole. All catfish
are marketed fresh or frozen. '

Solid wastes are subjected to rendering wherever facilities are
available. Otherwise, they are deposited in landfills or dumps.
Wastewater treatment is usually not practiced.

Blue Crab

Harvesting of blue crab is accomplished by dredging them from the
mud, catching them with baited traps or lines, or scraping them
from grassy shores during the molt. Transported live to the
receiving dock, the crabs are unloaded into trolleys for
immediate steam cooking at 1219C (250°F) for 10 to 20 minutes.
After storage overnight in a c¢ooling locker, the claws are
removed (and saved for mechanical processing or hand picking) and
the body of the crab is picked manually. The meat is packed into
cans or plastic bags. In the mechanized plant the claws and
sometimes the bodies, after removal of carapace and "“back fin,"
are run through a mechanical picker which separates the meat from
the shell. The meat is then frequently canned, retorted, and
cased for shipment. The select "back fin"® is hand packed in
cans, pasteurized, and refrigerated.

Other Crab

Dungeness, tanner, and king crab are caught in baited pots and
generally stored onboard the vessel in circulating seawater. In
Alaska, where larger volumes of crab are caught, they are stored
in live tanks at the processing plant. On the lower West Coast,
where catches are much smaller and consist mainly of Dungeness
crab, they are usually dry-stored and butchered early the day
after delivery. Most ©plants wutilize dry butchering; some,

however, employ fluming to transport shell and viscera. The
crabs are then cooked, cooled, picked, packaged, and stored.
Meat extraction of "sections" (crab halves) 1is done either

manually or mechanically. Mechanical picking is practiced mainly
in Alaska, using rollers or high-pressure water. Hand picking is
performed chiefly on Dungeness and imported tanner crabs in the
lower West Coast states. Meat that has been picked from the crab
is marketed either fresh, frozen or canned. Some crabs are
cooked and marketed without butchering.

Waste from crab processing is rendered, 1if facilities are
available. Otherwise, it is hauled to a sanitary 1landfill or
discharged to the bay or to a municipal sewer, along with plant
sanitary wastes.

Shrimp
Sshrimp are caught by trawlers, vessels which "drag"™ +the ocean
with large nets. The shrimp are stored in ice until delivery to

the processor. They are then de-iced, separated from debris, and
weighed. The shell is peeled either manually or mechanically.
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After being cleaned of debris the shrimp are usually blanched.
They are then either frozen or canned. Variations of the process
among Alaskan, West, Gulf, and Atlantic Coast shrimp are ex-
prlained in Section 1IV. The shell and larger waste solids are
sometimes screened from the waste stream and either rendered at
another facility or removed +to a sanitary landfill. 1In other
instances, the solids are discharged to the bay with the
untreated waste water.

Tuna

Tuna are harvested by line or by net. They are frozen onboard
the vessel and thawed (usually by salt water) at the processing
plant. The tuna are then butchered, precooked, cooled, and
cleaned, before being packed in cans. Depending on the condition
of the cleaned tuna, the meat is graded as solid, chunk, or flake
style. The cans are subsequently retorted, labeled, cased, and
shipped to the retailer. Viscera, precooker stick water and
solid wastes are further processed into by-products. Some
plants, however, do not practice press—-liquor or stick water
recovery. Such plants discharge these liquids +to 1local waters
with their untreated process waste waters, or barge them to sea.
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SECTION IV

INDUSTRY CATEGORIZATION

The initial categorization of +this segment of the seafood
processing industry logically fell along commodity 1lines. That
is, four broad groups of subcategories were involved: catfish,
crab, shrimp and tuna. Beyond this general breakdown, however,
further fragmentation was necessary to develop subcategories of a
relatively homogeneous nature, each of which could be considered
as a unit in the process of developing (and ultimately applying)
effluent 1limitations and standards. The following variables, in
addition to type of seafood, were considered in the development
of subcategories:

1. wvariability in raw material supply;
2. condition of raw material on delivery to the
processing plant; ,
3. variety of the species being processed;
4. harvesting method;
5. degree of preprocessing;
6. manufacturing processes and subprocesses;
7. form and quality of finished product;
8. 1location of plant (taking into account such factors
as climatic conditions, terrain, soil types, etc.);
9. age of plant;
10. production capacity and normal operating level;
1l1. nature of operation (intermittent versus continuous) ;
12. raw water availability;
13. amenability of the waste to treatment.

It remained then to define and establish subcategories whose
uniqueness dictated the consideration of separate 1limitations
based on the variables listed above. During the course of the
study, the importance of all but one of these variables was
confirmed. The only variable which was found to have little
relationship to the ultimate development of subcategories was the
"age of the plant." In the course of the field work, it became
obvious that within a given industry, either 1) equally
antiquated processes were being used by all processors (with
minor modifications) ; 2) older plants had been remodeled
periodically during the life of the industry so that similar
processes were being employed in both 0ld and new plants; or 3)
(as was the case with catfish) the industry was so young that
significant differences in plant age did not exist.

On the following pages will be found a description of the final

subcategorization of the four segments of the seafood industry
considered in this study. Included in each discussion is a

17



detailed description of the industry within the subcategory, a
description of the raw materials used, end products produced,
methods and variations of production, and a review of the
rationale for its designation as a separate unit. Much of the
information contained in the initial description of each
subcategory 1is based on an updating of the original seafoods
*state of the art" report developed for EPA in 1970 (Soderquist,
et al., 1970), together with supplemental material gathered on-
site and developed through extensive communication with the
industry.

In each case, a generalized flow diagram is presented for each

major component of the subcategory. Variations on each of those
general themes are then discussed in the text.

FARM-RAISED CATFISH PROCESSING (Subcategory A)

Background

Since 1963, the production of farm catfish has increased steadily
- (see Table 4y . Four species (channel catfish, Ictalurus
punctatus; blue catfish, Ictalurus furcatus; white catfish,
Ictalurus catus; and brown bullhead catfish, Ictalurus nebulosus)
have been grown and managed successfully in ponds. Catfish are
considered a delicacy in the southern and southcentral states and
markets have been (and continue to be) expanding rapidly. In
1969, +the +total harvest was 38 million kilograms (84 million
pounds) (Jones, 1969). The National Marine Fisheries Service
estimated that the total farm catfish production in 1975 will
reach 51 million kilograms (112.5 million pounds) (Jones, 1969).

Continued high demand for the finished product, <together with
improvements in production technology, have stimulated rapid
growth of the catfish processing industry over the past few
years. In the mid-1960's, according +to Mulkey and Sargent
(1972), nearly all farm-raised catfish were sold to 1local con-
sumers or were offered (at a price) to local sport fishermen in
commercial "fish-out" lakes. In 1970, sixteen processing plants
were operating in nine states and processing 2.9 million
kilograms (6.8 million pounds) of raw material annually (Russell,
1972). Today at least thirty-seven plants are in operation,
mostly in Alabama, Mississippi, and Arkansas.

Processing

The science of raising catfish involves planting six inch
fingerlings which are fed a commercial ration through maturity.
For detailed descriptions of catfish farming schemes, the reader
is directed to Barksdale (1968), Grizell, et al. (1969), Boussu
(1969), and Greenfield (1969). Harvesting is accomplished by a
preliminary seining of the rearing pond followed by drainage of
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6l

Table

4

Total supplies of catfish in the U. S. 1963-68,
with production projections estimates 1969-1975 (Jones, 1969).

Year

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

Wwild Catfish Farm

Catfish Imports Catfish
(kg x 10%) (b x 10%) (kg x 10%)  (1b x 10%) (kg x 10%) (b x 10
21.9 (48. 3) 0.2 ( 0.5) 1.1 ( 2.4
21.6 (47. 6) 0.4 ( 0.8) 1.7 ( 3.8)
20. 4 (45.0) 0.5 ( 1.0) 3.2 ( 7.0)
19.3 (42. 5) 0.9 ( 2.0) 5.0 ( 11.0)
18.8 (41. 3) 1.4 ( 3.0) 7.5 ( 16.5)
18.3 (41. 3) 1.8 ( 4.0) 12.5 ( 27.5)
19.3 (42. 5) 2.3 ( 5.0) 19.1 ( 42.0)
20. 4 (45.0) 3.2 ( 7.0) 26.2 ( 57.6)
20. 4 (45.0) 3.6 ( 8.0) 32.5 ( 71.5)
21.0 (46. 3) 4.1 ( 9.0) 35.4 ( 78.0)
21.0 (46. 3) 4.1 ( 9.0) 41.3 ( 91.0)
21.6 (47. 5) 5.0 (11.0) 4.5 ( 98.0)
21.6 (47. 5) 6.4 (14.0) 50.1 (112.5)




the pond (during dry weather) and manual collection of the
remaining fish lying in the bottom mud. The fish are generally
shipped alive in aerated tank trucks to the processing plant
where they are stored in holding tanks. Live hauling eliminates
the need for meat preservation before processing but generates
the problem of disposal of the feces-contaminated holding water.
Alternatively, the fish are packed in ice and trucked to the
processing plant. Local small producers frequently deliver their
fish dry (and without ice) to the plant. Figure 5 depicts the
process used in the catfish industry. The solid line depicts the
product flow, the single dashed line depicts waste water flow and
the double dashed line depicts primarily waste solids flow. The
twin beheading saws (band saws) are followed by the evisceration
table, skinning machines, the washing-grading area and the
automatic weigher-sorter. A typical catfish plant employs
twenty-four workers (for one shift) and processes about 5000 kg
(11,000 1bs) of fish per eight-hour day.

The receiving area includes the holding tanks and the stunning
tank, which may or may not be distinct from one another. The
storage tanks require a non-chlorinated water supply to avoid
toxicity to the fish. Sufficient dissolved oxygen must be
provided through mechanical aeration or high water exchange
rates. Prior to stunning, most processors attempt to "cull out"
and discard dead fish.

Iced storage is more popular with processors who must transport
their raw material long distances to the processing plant. When
iced storage is used, the effluent load from the receiving area
is reduced.

When processing begins, the live fish are first "stunned," which
involves electrocution in water-filled tanks or dewatered cages.
This method of killing 1is claimed to have the advantage of
concentrating most of the blood in the head, thereby minimizing
blood 1loss and discoloration of the flesh during subsequent
processing (Billy, 1969). A possible disadvantage of this method
was pointed out by Mulkey and Sargent (1972). This was the
assumed tendency for the fish to defecate during stunning. The
specific effects, however, of shocking on meat quality and on
waste production remain to be determined.

After stunning, the fish are butchered. This process consists of
beheading, eviscerating, and skinning and can be either manual or

mechanical. At this point, under-size and "trash" fish are
discarded. Catfish have +traditionally been skinned before
marketing. This 1is necessary to reduce off-flavor in "wild®

catfish, but at least one writer questions the necessity to skin
cultured catfish (Billy, 1969).

In some plants receiving fish on ice rather than alive, the
beheading is preceeded by a pre-wash step that uses a significant
amount of water. After loading onto a conveyor belt, the f£fish
are spray-washed as they are transported into the plant.
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Heads are usually removed with conventional band saws or table
saws. The solid wastes, including the decomposed and under-size
fish, are dry-captured at many plants; water is required only for
periodic equipment cleaning.

Evisceration is accomplished either manually or with a vacuum
system. 1In the latter case, after the body cavity is opened
manually, +the viscera are removed by vacuum “guns" and dry-
captured for subsequent rendering, incorporation into pet food,
or burial for final disposal. The manual method of evisceration
is slower than the vacuum system. Whether evisceration is
mechanical or manual, the majority of plants do employ dry-
capture of the viscera for ultimate disposal.

Skinning is done either manually or mechanically; however, even
the mechanical systems require considerable manual input. Manual
skinning involves impaling of the carcass on a hook suspended a
few feet above the work area and stripping of the skin from the
carcass using a pliers-like tool. Mechanical skinning involves
running the fish (manually) over a planer-like machine three
times (once for each side and once for the back) and abrading and
pulling the skin from the body of the fish. Surprisingly,
mechanical skinning increases the product yield a small amount.
This 1is because manual skinning tears off the abdominal flesh
along with the skin, whereas mechanical skinning does not. Skins
are either flumed to the main waste stream or are trapped at the
skinner in a basket-type screen and dry-captured.

A third method of skinning, using sodium hydroxide, is still in
the research stage. Development of the technique, analogous in
some ways to the "dry caustic" peeling method now being adopted
in the fruit and vegetable processing industries, is under way at
Mississippi State University (Lorio, 1973) . Large-scale
acceptance of the method by the industry in the next few years is
not anticipated.

After butchering, pieces of adhering skin and fins are removed
and the fish are manually or automatically washed, where the body
cavities are scrubbed with rotating brushes, and subjected +to a
final rinse. From this point, they are graded and inspected.
After cleaning, the fish are sorted by weight and generally those
under 0.45 kg (one pound) are packed in weight groups on ice and
refrigerated or frozen to await shipment. Some plants, however,
package individual fish in trays and seal them in plastic. Fish
over 0.45 kg (one pound) are frequently filleted or cut into
steaks.

The bulk of the product leaves the plant as fresh or frozen whole
processed fish. A small market exists for fresh and frozen
fillets and for frozen breaded fish sticks. Recently, liquid
nitrogen freezing has proven successful in producing meat with
improved quality. Pond-reared channel catfish can be kept frozen
for as 1long as twelve months with only small losses in flavor
(Billy, 1969).
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Many plants have rearing or holding ponds on-site. A few
discharge some or all of their process wastewaters (including
holding tank waters) into these ponds.

Wastes Generated

Jones (1969) estimated 45 percent of the whole catfish to be
waste and the National Marine Fisheries Service (1968), 40
percent. Using the 45 percent value, the total waste dquantity
projected for 1975 was calculated to be 23.0 million kilograms
(50.6 million pounds).

Four main methods of disposal of catfish offal are currently
practiced. These are: processing for pet food and catfish feed,
rendering for fish meal, and burial (Billy, 1969). Catfish offal
has been rendered to a meal containing over 45 percent protein.
The distribution of essential amino acids in the proteins of the
catfish offal makes it a good source of supplementary protein for
animals. Several proximate analyses of catfish offal are
available in the literature. One is detailed in Table 5.

Table 5. Proximate analysis of
raw catfish offal

Constituent Level
Moisture 58.6%
Crude fat 25.5%
Ash 3.1%
Crude protein 12.8%

The offal consists mainly of heads, skin, viscera and fat.
Tables 6 and 7 reflect the percentages of each.
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Table 6. Offal from tank-raised

channel catfish (Heaton, et al., 1970).

Component Large Fish
Finished product 63.9%
Head 22.5%
Skin 6.5%
Viscera 5.6%
Fat 1.5%

Small_ Fish

62.8%

23.3%

Average
63.4%
22.9%

€6.5%

Table 7. cCatfish Offal from cage-cultured
channel catfish (Heaton, et al., 1972).

Ccomponent

Finished product

Head
Skin
Viscera

Fat

Level
59.4%
19.5%
6.4%
7.6%
6.1%

Unlike the data available on solid wastes, very little data
have been published on the nature of liquid wastes generated

in catfish processing plants.
information on catfish processing waste water characteristics
prior to the current study was the paper by Mulkey and Sargent
(1972) reporting on a three-day characterization program at a
Georgia catfish processing plant.

Table 8.
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Table 8. Catfish processing waste water
characteristics (Mulkey and Sargent, 1972).

Level
kg or_1 1b_or gal kg or 1 lb or gal
Parameter 1000 fish 1000 fish kkg raw mat'l ton raw mat'l

Flow 7570 (2000) 16,400 (3920)
BOD 3.6 (8.0) 7.9 (15.7)
COoD 4.9 (10.8) 10.6 (21.2)
TSS 2.3 (5.1) 5.0 (10.0)
TVSS 2.0 (4.5) 4.4 (8.8)
Grease and 0il 0.8 (L.7) 1.7 (3.3)

Their data were expressed in terms of pounds or gallons per fish
or per 1000 fish processed. For comparative purposes, these data
were converted +to the forms shown in the table, based on the
assumption that the average catfish processed weighed 0.46 kg
(1.02 1bs) (as was indicated by Mulkey and Sargent) .

Figures 6, 7, and 8 are respective plots of the catfish waste
water flow, BODS, and suspended solids data gathered 1in this
study. Each data point represents the summary data of each plant
sampled.

Subcategorization Rationale

Subcategorization for the catfish processing industry was
relatively straightforward, largely due +to the fact that the
industry is in relative infancy and is much more homogeneous than
most of the other seafood processing industries.

As 1is the case with nearly all seafood processors, the catfish
processors do not enjoy a constant supply of raw product.
Availability is seasonal and a function of such factors as the
water temperatures in the immediate area, rainfall frequency and
intensity (affecting harvesting), development of certain off-
flavors (due to algae), and priority in work scheduling on the
farm. In the Tennessee Valley region, for instance, the growing
season lasts for about 150 days. Optimum growth occurs in the
water temperature range of 289 to 319C (82° to 889F). During the
winter months, the fish remain virtually dormant and grow very
little. The harvesting season begins usually in the fall and
continues through the winter and into the spring (as the weather
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permits) . Recently, as the processing industry has become more
organized, the producers have been enticed to harvest (although
on a reduced scale) through the summer months. Some processors,
furthermore, have entered the production business, thereby
assuring themselves more complete control over raw material
supply. In the summer of 1972, as a result, most catfish
processing plants operated at about 60 percent of full production
capacity.

Another consideration in subcategorization was condition of raw
material on delivery to the processing plant. In the catfish
industry, the farm-raised catfish are delivered either alive in
aerated tank trucks or packed on ice or "dry." The waste waters
from the live haul are, of course, much greater in volume than
those from iced transportation and are contaminated mainly with
feces, regurgitated material, and pond benthos. The ice, on the
other hand, where used in packing the fish for transport, is
usually bloody and contains significant amounts of slime. A
significant amount of water is necessary for spray-washing before
the fish are transported into the plant. Although the two types
of wastes differ in character and concentration, it was felt that
these differences were not sufficient to warrant separate sub-
categories,

A third consideration in subcategorization was the variety of
species being processed. Although the most common variety
currently processed is the channel catfish, others are handled by
the plants in lesser amounts. The results of the analyses of the
samples gathered during the plant monitoring phase of this study
indicated that no significant difference in the nature of the
wastes from the processing of various species existed.

A fourth consideration in subcategorization was the method of
harvesting. As discussed previously, harvesting methods are
relatively uniform throughout the industry.

Degree of pre-processing, manufacturing processes and sub-
processes, and form and quality of finished product, as have been
discussed previously, are relatively wuniform throughout the
industry and present no bases for further subcategorization.

Plant 1location and age were also considered. The catfish
industry is located in the central and southern states in areas
of similar climatic conditions (conducive to the raising of farm
catfish) in flat to moderate rolling terrain. The soils present
no severe construction problems, in general. High water tables,
in certain localities, present problems. Many of the plants are
located in rural areas on sufficient acreage to permit
installation of adequate treatment systems. Those with
inadequate 1land in their possession currently either: 1) have
access to other land (at a price); or 2) are reasonably well
suited for incorporation into a nearby municipal system. As
mentioned previously, age of plant is not a significant factor in
this industry. '
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The relatively unsophisticated level of the industry indicates
that the production capacity, normal operating levels (percent of
capacity) and nature of operation (intermittent versus
continuous) do not appreciably affect the waste loadings
generated by the processing plants.

The remaining two factors considered in subcategorization, raw
water availability and waste treatability, do not appear to
present insurmountable obstacles to the imposition of effluent
guidelines and the industry's successful compliance with them.
Fresh water 1is generally available +to all processors in the
industry and although virtually nothing is known about
treatability of the specific wastes generated in catfish
processing, no known toxicants are present in the waste streams,
and the operations offer sufficient continuity to sustain some
types of biological treatment systems.

For all the above reasons, the United States catfish processing
industry was placed into a single subcategory for the purpose of
designing and estimating the costs of treatment systems and for
developing effluent standards and guidelines,

CRAB_PROCESSING

The second segment of the seafood industry which was considered
in this study was crab processing. Figures 9, 10, and 11 are
plots of all crab flow, BODS, and suspended solids data
(respectively) gathered in this study. The complete crab
industry data is presented in Section V. BAn analysis of the flow
data reveals that water use in the conventional blue crab process
was less than one-tenth that of +the other crab operations;
furthermore the organic loading, in terms of BOD, from the
mechanized blue crab process was more than double those from the
processing of other species. It has been determined that blue
crab should be designated a separate subcategory from the other
species processed in the United States.

Within the blue crab industry, plants employing a claw picking

machine (mechanized processing) generated waste waters
significantly greater in quantity and in BOD 1loadings than
conventional (manual) processors. Thus separate subcategroies

were necessary.

Further review of the data indicates significant differences in
water use between Alaskan and "lower u48" crab processors. Large
differences in settleable solids were also noted. Whereas the
average settleable solids concentration in the Alaskan samples
was about 36 1/kkg, those from the Pacific Northwest averaged
about 1600 1/kkg. These factors, together with others discussed
later under "Subcategorization Rationale" led to the segregation
of the two industries and designation of a separate subcategory
for each.
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A final breakdown within the crab industry was based indirectly
on type of final product. Referring again to the data in Section
V, the Alaskan crab industry produced two distinctly different
types of waste water streams: one from meat operations and one
from whole-and-sections processes, the former producing 70
percent more flow, 62 percent fewer settleable solids and 90
percent more suspended solids.

In all, five different subcategories were ultimately designated
for the crab industry: Conventional Blue Crab (Sukcategory B);
Mechanized Blue Crab (Subcategory C); Alaskan Crab Meat
(Subcategories D and E); Alaskan Whole Crab and Crab Sections
(Subcategories F and G); and Dungeness and Tanner Crab Outside of
Alaska (Subcategory H).

Conventional Blue Crab Processing (Subcategory B)

Background

The blue crab, comprising 55 percent of the United States crab
production, is harvested along the Gulf of Mexico and Atlantic
coasts; a principal center of processing is the Chesapeake Bay
area. Of the 184 plants in the United States, 90 are located in
Maryland, Virginia, and North Carolina. These plants are
typically small, locally owned businesses with highly variable
production schedules.

The blue crab (Callinectes sapidus) is a much smaller (11-13 cm;
4,.5~5 in capapace) variety than the West Coast and Alaskan crab.
Most crab processed are caught locally (within a 50 mile radius
of the plant), although during slack periods crab are imported
from remote areas (with high spoilage losses). Transshipment
from one production area to another is often practiced when 1local
supplies are inadequate.

Crabs are harvested from shallow water in baited traps, on baited
lines ("trot lines"), "scrapes," or dip nets, or they are dredged
from the bottom mud. Rapid and careful handling is necessary to
keep the crabs alive. Dead crabs must be discarded because of
rapid deterioration.

"Cocktail claws" are considered prime products and are often
packed separately. The meat is richer, with fuller texture than
the more fibrous body meat.

Many blue crab hold eggs and are called "sponge" crab. These are
generally accepted by most plants; personnel from some plants,
however, claim that during cooking the eggs impart a permanent
"jodine" flavor to the meat. Also, it is reasoned that the more
egg—-bearing crabs returned to the sea, the greater the
possibility of sustained blue crab yields. For these reasons
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some processors refuse to accept sponge crabs. In addition, some
states periodically prohibit harvesting of sponge crabs.

In some areas most of the crabs processed for meat in the blue
crab industry are the females, called "sooks." The males, or
"jimmies," are usually larger than the females; the processors
frequently segregate the largest jimmies and market them alive.

Processing
The conventional blue crab processing scheme is shown in Figure
12, The first step 1is +the cooking phase where the crabs are
steamed at 121°C (250°F) for 10 minutes. On the Gulf Coast, the
crabs are sometimes boiled, but boiled crab meat is prohibited in
most states because the temperature available for microbial kill
is lower in the boiling process. The vast majority (more than 80
percent) of blue crab processors today employ steam cooking.
Cooking takes place in horizontal or vertical cookers. An
average-size horizontal cooker can hold from 820 to 1230 Kkgs
(1800 +to 2700 1lbs) per change. Vertical cookers average 410 kgs
(900 1bs) capacity.

About 35 percent of the live weight of the crab is 1lost 1in the
steam cooking process; condensates from the crab cookers have
been shown to exhibit BOD's of 12,000 to 14,000 mg/1 (Carawan,
1973) .

After cooking, the crabs are normally butchered manually and the
meat picked from the shell. An industry average for manual meat
picking is 14 kg (30 1lbs) of meat per picker per day (Paparella,
1973).

Yields in conventional blue crab processing plants vary from 9 to
15 percent (Thomas, 1973). In the conventional process, after
the crabs are cooked, air cooled and picked, the meat is placed

into cans or similar containers. Much of the c¢rab meat is
"sealed" in cans with snap-1lids which are manually pressed into
place, iced and sold fresh. In addition many cans are

hermetically sealed, but are not retorted; rather they are
pasteurized in a water bath at 899C (1929F) for about 110
minutes. Some crab meat is canned (and retorted) in the
conventional fashion, but most is not. In canning, additives
such as EDTA (ethylenediaminetetracetic acid), alum, citric acid
and other organic acids are used in very small amounts.

One exception to the above processes is that involving soft shell
crab. In this instance, crabs are harvested during the molting
process, kept 1in the plants in *"live boxes" and checked every
four hours for progress in shedding their shells. Immediately
after the shell is discarded, the crab is marketed alive (packed
in wet grass) as a "soft shell crab."
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Wastes Generated

Although some exploratory work has been conducted in the blue
crab processing industry by North Carolina State University, the
University of Maryland, and others, no comprehensive study of the
waste waters produced in the processing of blue crab had been
reported at the time this project was initiated.

In the conventional blue crab processing plant (Figure 12) the
water usage 1is small. The overall pollutional load is
attributable mainly +to the cooking phase and to the plant clean
up operation. Cooker condensates have a BOD of up to 14,000
mgs/1l, whereas plant clean up waters have organic strengths of
perhaps one-tenth of that. Most conventional plants utilize ice-
making machines which have a continuous cooling water stream
(having no appreciable pollutant loading) which may flow 24 hours
per day.

The major portion of the blue crab is not edible, and as a result
is wasted in processing. This waste, consisting of body juices,
shell and entrails, may range up to 86 percent of the crab by
weight (Stansby, 1963), of which 25 percent is liquid lost in
cooking. The solid waste load from the blue crab processing
industry for 1971 was calculated to be 33.6 million kg (74
million 1lb) using 51 percent as the residual solids fraction of
the waste. The actual waste volume was somewhat less, since a
percentage of the total crab 1landed was marketed whole or
butchered to remove only backs and entrails.

The composition of shellfish waste is largely determined by the
exoskeleton, which 1is composed primarily of chitin, (a
polysaccharide structural material) , protein bound to the chitin,
and calcium carbonate. While the major portion of the waste
generally consists of exoskeletal materials, varying significant
amounts of attached or unrecovered flesh and visceral materials
are included. The protein concentration of crab waste 1is
considered 1low compared +to visceral fish wastes, reducing its
value as an animal feed. However, most of the so0lid wastes from
the blue crab processing industry are utilized in crab meal for
eventual incorporation into animal feed.

Subcategorization Rationale

The characterization program for this study centered around the
Chesapeake PBay area because of its large number of blue crab
processors in a relatively small geographic area. The sampling
schedule was established based on anticipated catches in the
Virginia, Maryland and North Carolina area. Considerable delay
was experienced when these bharvests did not materialize on
schedule. Conferences with local industrial representatives
indicated that about once about every decade the early spring
blue crab harvest is extremely poor, and 1973 happened to be one
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of those years. The poor harvest was attributed to locally heavy
rainfall and subsequent dilution of the estuaries with fresh
water.

Several active plants were finally 1located, and although the
plants were operating intermittently or at reduced 1levels
occasionally, the time constraints of the study forced the use of
these plants for the monitoring program. They were sampled in
depth over a period of several weeks.

The problems of seasonality and inavailability of raw material
served to emphasize the need for careful consideration of these
factors in the design of proposed treatment systems for the blue
crab industry. It did not, however, provide any substantial
basis for further subcategorization of the industry because it
appeared that all segments of the blue cradb industry were equally
susceptible to inavailability of raw material at various times
during the processing season.

The condition of the raw material on delivery to the processing
plant was of considerable concern in the blue crab processing
industry, especially with respect to dredged crab.

During several of the winter months, (December through March)
most of the crabs that are processed have been dredged out of the
mud in the estuaries where they have taken refuge during their
dormant stage. In the harvesting process these crabs sustain a
significantly greater incidence of injury than do those taken
with other methods. The general condition of the crabs is poor
and, therefore, the yield at the processing plant 1is markedly
lower. Furthermore, a great deal of silt and mud is carried into
the processing plant with the raw material and must be removed in
a prewash step that is not normally employed with crabs harvested
by other means. These combinations of factors likely cause the
waste from the processing of dredged blue crab to be considerably
different from those harvested by alternative measures. For the
present, dredged crab have been included in Subcategories C and D
(depending on whether they are processed mechanically or not) for
the purpose of development of treatment system designs,
estimation of expected effluent levels after treatment and
estimation of treatment system costs. However, since no data are
yet available on the actual percentage of solid and liquid wastes
generated in the processing of dredged blue crab, this decision
must be considered tentative. It remains to be confirmed (or
refuted) during some future blue crab dredging season.

The variety of the species being processed appeared to be fairly
uniform throughout the blue crab industry and was not a
significant factor in the development of the subcategorization
schemes.

A fourth item considered in subcategorization was '"harvesting

methods." As discussed above under %“condition of raw material on
delivery to the processing plant," the harvesting method employed
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influences the raw material condition, which in turn probably
affects the waste water quantity and quality.

"Degree of preprocessing" was not a consideration in +the blue
crab industry because only 1live whole crabs delivered to the
processing plant were incorporated into the finished product.
The "manufacturing processes and subprocesses" were important
factors affecting subcategorization, as discussed earlier.

"Form and quality of finished product," while they did have an
impact on the total levels of waste water constituents, did not
drastically alter the basic character of the waste stream and
therefore, were not considered of sufficient importance to
warrant further subcategorization.

"Location of plant" might conceivably be a significant wvariable
in the blue crab industry. Blue crab processing plants are found
from New Jersey to Texas and certainly along that vast coastline
different climatic conditions, terrain and soil types are
encountered. Clearly, diversities of site specificity are so
complex and so important that they would overshadow any
artificial geographical subdivision established in an attempt to
define more homogeneous subcategories. An individual processing
plant, faced with the problem of abating its pollution 1load,
might be hindered by its 1location. Most commonly, the
availability of significant 1land area with a low ground water
table, sufficient drainage, etc. would be the goal. This is
frequently not the case in the blue crab industry, where plants
are often located on piers or on 1land with high ground water
tables. In general, blue crab processing plants are either 1)
located near small population centers, which eventually would
permit joint industrial-municipal treatment or 2) situated
physically in such a manner that onsite treatment of their waste
waters may be technically feasible.

Additional considerations in subcategorization were "production
capacity and normal operating level;" and "nature of operation
(intermittent versus continuous)." By nature, the blue crab
processing industry is an intermittent process (controlled by
product availability) and production capacity is governed by such
constraints as number of employees available, size of production
area, size and number of cookers and retorts (where wused) and
availability of adequate storage. In the monitoring phase of
this study, no evidence was found +to indicate that either of
these variables significantly affected the waste streams from the
processing plants. Therefore, no subcategorization along these
lines was attempted.

The last two variables considered in the subcategorization scheme
were "raw water availability" and amenability of the waste to
treatment." Raw water availability was not a consideration in
the blue crab industry because no in-plant modifications or waste
treatment additions would significantly increase the amount of
raw water required by the processor. Waste treatability is not a
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significant factor for further subcategorization but is is
partially responsible for separating the blue crab industry into
conventional and Mechanized.

For all of +the above reasons, the United States blue crab
processing industry was placed into two subcategories
(Conventional and Mechanized discussed below) for the purpose of
designing and estimating the costs of treatment systems and for
developing effluent standards and guidelines.

Processing

The mechanized blue crab processing scheme is shown in Figure 13.
Initial processing is similar to that for conventional blue crab
discussed earlier. Instead of complete manual processing a claw
picking machine is utilized. It consists of a hammer mill
followed by a brine separation chamber where the meat is floated
away from the shell and exits the chamber via the brine overflow.
The shell 1is removed counter-currently on an inclined belt. A
few plants use this machine for pre-picked bodies and claws, not
just for claws alone. Of the 184 plants in the industry perhaps
ten plants employ the machine for crab claws. Perhaps another
two or three employ the machine for complete body cavities
("cores"). Operating on claws alone, a typical mechanized plant
utilizes the mechanical picker 5 to 10 hours per week, or more if
additional claws are purchased from other plants.

The plants employing the claw picking machines enjoy a slightly
higher percentage yield than the remainder of the plants. In
addition, the back or lump "fin" meat is separated and marketed
as a premium product.

The remainder of the processing steps is similar to those used in
conventional blue crab processing.

Wastes Generated

In those operations employing claw machines, because of the
nature of the process, the BOD loadings are significantly greater
than those of the conventional plants, and water usage is
increased many fold as shown 1in Section V. The waste water
includes both the brine used in the flotation tanks and the wash
water used to remove the brine from the meat after it has been
separated from the shell. Whereas the waste waters from a
conventional blue crab processing plant can be expected to be
biodegradable, those from a plant employing a picking machine
would likely present salt toxicity problems to some biological
waste treatment systems. This, in fact, has already been noted
in one location in the Eastern Shore area of Maryland, where the
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digesters in the 1local municipal plant (receiving blue crab
processing wastes) experience frequent upset conditions.

As a result of this study the blue crab industry had to be broken
down into at least two subcategories. The first (Subcategory B),
encompassed conventional blue crab processing and the second
(Subcategory ¢€) included those blue crab processing plants
employing claw picking machines for the removal of meat from
claws or from body sections or both.

The utilization of the claw picking machine either for claws or
for bodies, or for both, introduced significantly greater
quantities of waste water, BOD, grease, etc., into the waste
stream and at the same time, changed the character of the waste
stream through +the addition of 1large quantities of sodium
chloride. Sodium chloride at the levels found in these blue crab
processing plants is inhibitory to many biological treatment
systems. Its toxic effect 1is increased by the fact that the
machines are operated on the average less than two days per week,
meaning that waste streams fluctuate from very 1low salinity to
extremely high salinity from day to day throughout the processing
season. Since the above factors would seriously affect all three
main considerations in development of subcategorization schemes:

1. design configuration;
2. expected effluent levels after treatment; and
3. cost of treatment;

it was decided to subcategorize the industry based on the use of
the claw picking machines.

The other considerations for potential subcategorization were
discussed earlier under Subcategory B - Conventional Blue Crab
Processing and the same conclusions are relevant to this
subcategory.

Alaska_ Dungeness, King and Tanner Crab

The second major crab fishery in the United States (behind blue
crab) is centered in the state of Alaska and is made up of three
commercial species, Dungeness (Cancer magister), king
(Paralithodes camtschatica), and tanner (Chionecetes bairdii)
crab. The tanner crab is also referred to as the snow or spider
crab. The Alaskan crab industry differs from that of the blue
crab 1in that a relatively small number of processing plants
handles a very large volume of product. Furthermore, the typical
Alaska crab operation is considerably more mechanized +than the
typical blue crab operation. Based on these reasons and
considerations of extreme seasonality, harsh climate, frequent
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inavailability of wusable land, and high costs, the Alaskan crab
industry was placed in a separate category from the remalnder of
the United States crab industry.

As discussed in the introduction to this section, the waste water
characteristics from the processing of sections and whole crab
differed significantly (see Section V) from those of the meat
process waste stream, leading to the desingation of separate
subcategories for each.

Alaskan Crab Meat Processing (Subcategories D and E)

Background

Until recently the major crab species processed in Alaska was the
king crab. 1In 1970, for instance, of the more than 34.5 kkg (76
million pounds) of crab processed in Alaska, 68 percent were king
crab, whereas 18 percent were tanner and 12 percent Dungeness
crab. 1In the ensuing three years, however, tanner crab have
become increasingly important and soon will challenge king crab
for the leadership position in terms of quantity processed.

In contrast to the blue crab harvest, the BAlaskan c¢rab harvest
takes place exclusively +through +the wuse of baited traps or
"pots." Upon unloading from the pots the c¢rabs are placed in
"live tanks"™ on board the fishing vessel and are transported
alive to the processing plant where, in most instances, the crab
are transferred to on-site live tanks to await processing. 1In a
few instances, on—-site live tanks are not employed, the crab
being processed immediately upon unloading from the fishing
vessel. This practice has proven, however, to be inefficient and
it is expected that the use of live tanks will continue into the
forseeable future.

For each of the three species of crab processed in Alaska,
seasonality is an important factor. Tanner crab enjoy the
longest processing season, extending from January to May in the
Kodiak area. The major season for king crab in the Kodiak area
is about one and one-half months long during the months of August
and September and for Dungeness crab the two month season peak
begins in mid-June. These seasons are a function of location.
Alaska 1is an extremely large state, having 58,000 km (36,000
miles) of shoreline (more than the total contiguous U8 states)
and fishing boats range as far as 1600 km (1000 miles) from base
to take advantage of crab availability during slack seasons
locally.

Processing

Land-based 1live tanks are usually constructed of steellor wood.
Capacities vary from 23 to 45 cum (6000 to 12,000 gal). In
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Alaska as much as 7300 kg (16,000 1b) of live crab are stored in
a medium—-sized live tank. The salt water in the 1live tanks is
continuously recirculated from the local harbor. Residence times
vary from +ten minutes +to one hour. In the past, in congested
areas, high mortality rates in the live tanks have resulted from
the use of poor quality intake water. This poor quality has been
the result of pollution of the local area with processing wastes.
Live tank intake lines are usually located on or near the bottom
of the local waterway to prevent interference with navigation.
Decomposing detritus on the bottom has created dissolved oxygen
deficits and generated toxicants such as hydrogen sulfide which
in turn have 1led to the high product losses in the live tanks.
Live tank crab are normally processed as rapidly as possible and
are seldom held for more than a few days. Tanner crab seem to be
more sensitive to live tank storage conditions than the other two
species (Hartsock and Peterson, 1971). This is because tanner
are deep water crabs and exhibit a lower tolerance to overcrowded
conditions and environmental changes.

Each of the three species handled in Alaska is processed into at
least three different forms of finished product: canned meat,
frozen meat, and sections and 1legs--sections being the term
designating body halves. In addition, Dungeness crab, and to a
very limited extent king crab, are processed for marketing whole.
The section and leq processes and the Dungeness whole processes
produce the least waste, while the meat processes for freezing
and canning produce considerably greater quantities, although the
characteristics, of course, are similar {see Section V).

The processes for frozen and canned meat products are depicted in
Figures 14 and 15, respectively. All plants handling a given
product utilize approximately the same unit operations with
occasional small variations in the butchering, handling, storing
and conveying procedures. These variations generally do not
alter the waste water characteristics significantly.

Two operations common to all processes except the whole crab
process are butchering and cooking. In the butchering process,
the crab are transported from the live tanks to the butcher area
either on belts or in steel tubs where they are placed in a
holding area to await butchering. The live crab are butchered by
impaling them on a metal plate. This cuts the body in two,
allowing the viscera to fall to the floor while at the same time,
removing the carapace (back) as a single piece. Next the gills
are removed from the animal through the use of a rotary wire
brush or paddle wheel. At one plant a paddle wheel is used to
both butcher and gill in a single step. Currently, in most
plants in Alaska the viscera, carapaces, and the gills are fed
into a grinder intermittently. Dead crab are sorted out prior to
butchering and are presently also ground. These grinders operate
from 50 to 70 percent of the +time during processing and the
resulting waste load constitutes a large portion of the total
solid and organic wastes emanating from the processing plant.
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Two types of cookers are used in the crab processing industry in
Alaska. They are distinguished by product flow and are termed
either batch cookers or flow-through cookers. Both types are
common. Some crab plants employ two cooking periods during the
processing operation--a precook and a final cook. When the
precook is wused, it is designed to firm the meat, rinse off the
residual blood from the butchering operation and minimize heat
shock of the subsequent cooking step. Precooking at 609 to 669C
(140° to 150°F) normally lasts from one to <five minutes. The
main cook is <conducted at about 99°C (210°F) for 10 to 20
minutes. Salt is wusually added +to the cooker water in
concentrations of 50,000 to 60,000 mg/1 NaCl (as chloride)
(Soderquist, et al., 1972b). Batch-type cookers range in size
from 76C to 3800 1 (200 to 1000 gal). Makeup water is added
periodically to replace 1losses from evaporation, product
carryover, and water overflow. Steam is normally employed to
heat the tanks to the desired temperature. The cookers are
usually drained and the cooking water replaced once or twice per
shift.

Flow-through cookers range in size from 1.9 to 9.5 cum (500 +to
2500 gal). The crab are conveyed through the cooker on a
stainless steel mesh belt. Nearly all flow-through cookers in
Alaska employ steam—heated hot water, although at least one plant
was observed by the field crew using steam cooking directly. Aas
was the case with batch cookers, flow-through cookers (also
called "continuous cookers") are drained and refilled one to two
times per shift (except steam cookers).

The following paragraphs discuss briefly the process variations
employed in the preparation of different product forms.

In the Alaskan plants processing king and tanner crab for the
frozen meat market (Figure 14), the crab are stored in live tanks
in the normal manner and transported to the butchering area as
needed. The carapace, viscera and gills are removed in the
butchering area. The butchering waste is currently ground and
subsequently discharged through a submarine outfall, via a flume
to a surface discharge point, or is sometimes simply dumped
through a hole in the floor onto the water beneath the plant.
After the crabs are butchered, the legs are separated from the
shoulders on circular or stationary saws. Stationary saws
consist simply of fixed saw blades along which the crab are
passed to effect the separation of the legs from the shoulders.
Next, the crab parts are precooked for four to five minutes at
609 to 669°C (140° to 1509F). Some processors collect the claws
after the precook, brine freeze them and market them as "cocktail
claws" much as is done in the blue crab industry. Others handle
the claws as additional sources of picked meat and after the pre-
cook, the meat is "blown" from the claws and shorter more '"meaty"
legq sections with a strong Jjet of water. The meat from the
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larger leqg sections and from the shoulders 1is often extracted
with rollers or shaken from the shell. In the roller operation
the parts are placed manually or hydraulically between two rubber
rollers (looking very much 1like +those of an old-fashioned
wringer-type washing machine) and the meat is squeezed from the
shell as the legs or shoulders pass through the rollers. The
shells are subsequently often flumed from the rollers to a
grinder prior to entering the main waste stream.

Broken shell and other detritus are hand-picked from +the meat.
The meat is then manually segregated into three categories: claw
meat, leg meat, and shredded meat. It is next cooked at 93° +to
990C (200° to 210°F) for 8 to 12 minutes, rinsed, and cooled with
fresh water. At this point, the meat is packed into trays,
usually in 6.8 kg (15 1lb) batches and 180 to 350 ml (6 to 12 o0z)
of saline solution or ascorbic acid solution is added to each
tray. The type and volume of additives employed varies from
processor to processor. The trays are frozen and later boxed for
shipping.

In at least one crab freezing operation in Alaska, no precook is
used. The crabk are simply cooked at 93°9C (200°F) in a flow-
through cooker for 10.5 minutes. This operation takes place with
the gills still intact on the animals. After cooking the gills
are manually separated and discarded. Legs are subsequently
removed from the shoulders on stationary saws.

The major differences between the freezing of king and tanner
crab legs and sections are the use of rollers almost exclusively
for tanner (contrasted with their infrequent use for king crab)
and small variations in cooking time. Wastewater characteristics
for the two species are similar.

King and Tanner Crab Canning Process

In this operation (Figure 15) the crab meat is processed in much
the same way as crab meat in the freezing process through the
second cook. At that point the meat is manually packed into cans
of various sizes, the most common one being 184 grams (6.5 o0z)
and a sodium chloride-citric acid tablet is added to each. Next,
a vacuum 1is drawn on each can and the 1id is sealed with a
"double roll seamer." The cans are then placed into baskets and
retorted for 50 to 60 minutes at 116°C (240°F). Cooling is
normally accomplished in the retorts by flooding them with cold
water for 7 to 12 minutes. The baskets are then removed from the
retorts and the cans allowed to dry prior to boxing for shipment.

Dungeness Crab

The main Dungeness crab season begins in mid-June and lasts
through mid-August in Alaska. As a result, onsite sampling was
not conducted during maximum Dungeness crab processing activity;
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however, some monitoring of Dungeness crab processing was ac-
complished in Kodiak, Alaska and the data resulting from these
activities together with the data gathered previously in Oregon
by Oregon State University (Soderquist, et al., 1972b) served as
bases for the Dungeness crab recommendations in this report.

In Alaska, Dungeness crab are most frequently processed for sale
as whole crab. When processed 1into canned or frozen meat
products, processing schemes similar to those in Figqures 14 and
15 are employed.

Projections

Harvesting of Dungeness crab are on the decline whereas king crab
seemed until recently +to have reached a plateau. 1In 1971 and
1972, however, harvests 1increased. Production appears to be
determined in large part by the size of the previous year's
survival of offspring. Recent catches are outlined on Table 9.

The relative stabilization of king crab harvests has been due
largely to stricter controls imposed on the fishing industry by
the Alaska Department of Fish and Game. The controls established
a king crab fishing season lasting from five to seven months in
Alaskan waters.

Tanner crab have been increasingly harvested in recent years.
Abundant stocks exist off the northern Pacific Coast and pro-
duction which has been accelerating rapidly, should continue to
increase. (Alverson, 1968) until the demand exceeds the supply or
until stricter controls are established on the fishery by the
Alaska regqulatory authorities.

Wastes Generated

As is the case with blue crab, the major portion of +the Alaskan
harvest 1is not edible and as a result is wasted in processing.
The yield for king crab and Dungeness crab meat operations have
been 1listed as 20 percent (Jensen, 1965) and 27 pecent ,
respectively. Tanner crab yields are even lower than these two

values. Using an average yield fiqure of 20 percent it can be
concluded that 80 percent (on the average) of the Alaskan crab
harvest 1is wasted. For the purpose of estimating solid waste

volumes, furthermore, this figure might be reduced by 50 percent
to account for leaching of solubles during cooking and to take
into consideration the significant percentage of +the harvest
processed as sections or whole crab. Assuming, then, that 57
percent of the total harvest in Alaska eventually becomes solid
waste, it was calculated that 23,400 kkg (25,800 tons) of solid
wastes were generated by the Alaskan crab industry in 1972. As
tanner crab harvests increase over the next few years, the
percentage wastage figure will increase proportionately in Alaska
and the total tonnages of crab waste produced will rise slowly.
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Table 9

RECENT ALASKA CRAB CATCHES (NOAA-NMFS).

1969 1970 1971 1972
Species kkg (tons) kkg (tons) kkg (tons) kkg (ton)
Dungeness crab 22,300 (24,550) 26,500  (29,250) 19,400 (21,350) 11,800 (13.000)
King crab 25,300 (27,900) 23,600 (26,050) 31,900 (35,200) 33,600 (37,000)
Tanner crab 5,080 ( 5,600) 6,570 ( 7,240) 5,760 ( 6,350) 13,150 (14,500)




As mentioned in the blue crab discussion, +the composition of
crustacea waste is largely chitin, protein and calcium carbonate
plus varying amounts of flesh and visceral materials. The
Retchikan Technological Laboratory of +the National Marine
Fisheries Service listed typical compositions of BAlaskan crab
waste as shown on Table 10. The protein concentration of crab
waste is considered low compared to visceral waste, reducing its
value as a potential source of animal feed. However, some work
has been done involving fortification of crab meal with higher
protein sources.

Table 10. Typical crab waste composition

Composition
Species Source Protein Chitin Caco3
(%) (%) (%)
king crab Picking line 22.7 42.5 34.8
tanner crab Leg and claw shelling 10.7 31.4 57.9
tanner crab Body butchering and
shelling 21.2 30.0 48.8

Essentially no definitive comprehensive data on the character of
Alaskan crab processing waste waters were available prior to the
present study. A thorough characterization program, therefore,
was conducted and the results are outlined in Section V.

Subcategorization_ Rationale

Subcategorization for the Alaskan crab industry was relatively
complicated. At the beginning of this study it was assumed that
as many as ten subcategories would be designated, one for each
final product generated in the processing of each species:

1. frozen tanner crab meat

2. canned tanner crab meat

3. tanner crab sections

4, frozen king crab meat

5. canned king crab meat

€. king crab sections

7. whole Dungeness crab

8. frozen Dungeness crab meat
9. canned Dungeness crab meat
10. Dungeness crab sections

In the course of the field work it became evident that, although

differences in the above processes existed, +the variations in
waste water flow and content noted were not significant when
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compared to the normal plant-to-plant and day-to-day variations
within each of those preliminary subcategories, except in the
general comparison of meat versus sections and whole crab.

The king, Dungeness and tanner crab processing industry in Alaska
was separated from the rest of the United States for several
reasons. These reasons were all based on the assumption that a
subcategory should be designated whenever differences between
plants would seriously affect the development of:

1. treatment design configurations;

2. designation of expected effluent levels after
treatment; and/or

3. estimation of costs of treatment.

The Alaskan crab industry is noted for its 1large processing
plants. Although the plants process crab only a few months per
year, their production 1levels are significantly greater than
those of plants in other parts of the country processing similar
crab (tanner and Dungeness). Raw material availability,
furthermore, is very much a function of weather in Alaska; during
periods of poor weather (which often occur even in the summer
months), no raw material 1is available at the docks for
processing.

The condition of raw material on delivery to the processing plant
is fairly uniform in Alaska and was not considered justification
for subcategorization. Although, as previously mentioned, the
tanner crab mortality in the 1live +tanks on the dock is
significantly greater than that of Dungeness and Xing, those
crabs which were processed (the 1live crabs) were of fairly
uniform quality throughout the contractor's monitoring period.

This is not to say that product yield does not vary in the course
of the processing season. Crabs taken during the springtime,
having more recently molted, contain a lower percentage of usable
meat than those harvested late in the season. This
consideration, although it affects the waste water stream in the
processing plant, should not prove to be a detriment to this
study because sampling took place during that part of the vyear
when yields were 1low and wastage was high. It is not expected
that pollutant levels (in terms of production, such as kg of BOD
per kkg raw material) would increase over the course of the
season; rather, they would be expected to decrease somewhat
(although, again, perhaps not significantly).

As mentioned above, the variety of the species being processed
was initially taken into account in the monitoring phase of this
program. The waste water characteristics, however, (Section V)
indicate that this consideration is not sufficient to warrant the
designation of a separate subcategory for each species.
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"Harvesting methods" was another variable to be considered in
subcategorization. As mentioned in the "processing" section of
this discussion, crab processing in Alaska is uniformly
restricted to the use of "pots," and therefore, 1little
variability in harvesting methods exists.

Analogous to the discussion on "condition of raw material,"
"degree of preprocessing" was not a consideration in the Alaskan
crab processing industry because, again, all animals enter the
processing line alive.

"Form and quality of finished product," while initially con-
sidered to be possible bases for subcategorization, were
rejected, based on the characterization data (Section V), except
for the aforementioned distinction between crab meat and whole
and sectioned crab.

A very important item in the Alaskan crab processing industry is
the plant location. In this region of the country, perhaps more
than in any other, site specificity must be an over-riding
concern in the development of waste management, treatment, and
disposal alternatives. Most, if not all, of the king, tanner and
Dungeness crab processing plants in Alaska are located south of
Bristol Bay in terrain which can most aptly be described as
“"vertical." Virtually every plant is built on piling because of
the lack of suitable real estate. :

The general location of the Alaskan processors in an area of
limited accessibility and of inflated costs (the Army Corps of
Engineers Construction Price Index lists remote Alaska as 2.6 and
Kodiak, Alaska as 2.5 based on a national average of 1.0)
justifies the designation of a separate subcategory for these
processors.

Furthermore, climatic conditions in the Alaska region are unlike
those anywhere else in the United States. Water temperatures
remain just above the freezing level and air temperatures can
remain below freezing for several months without respite. 1In the
northerly areas, permafrost interferes with normal construction
and foundation design techniques. In the non-permafrost zones
where top so0il exists in any quantity, the ground freezes solid
during the coldest months of the year, only to thaw in the spring
and summer causing frost heaves and often producing extremely
poor foundation conditions. It is frequently the case,
especially in the gulf of Alaska and on the Aleutian Islands,
that virtually no top soil exists. The only land available is
solid rock and it is wusually reposing at a steep angle.
consideration of waste treatment design involving equalization
basins or treatment lagoons must contend with either blasting the
basins from solid rock or constructing them of concrete, steel,
or similar structural material.

Another consideration involves tidal fluctuations. Tidal
fluctuations in Alaska are among the greatest in the world,
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approaching 12 meters (40 feet) at times. This phenomenon
presents special problems when designing a waterside facility for
transportation of solid wastes.

As was the case in the blue crab industry, the influence of
production capacity, normal operating levels (percent of
capacity), and nature of operation (intermittent versus con-
tinuous) did not vary significantly from species to species
within the Alaskan crab industry and did not distinguish the
Alaskan c¢rab industry from the rest of the United States;
furthermore, they did not appear to appreciably affect wastewater
characteristics or anticipated design problems and therefore,
were not judged bases for the designation of subcategories.

"Raw water availability" and "waste treatability" do not appear
to present insurmountable obstacles to the imposition of effluent
guidelines and to the industries' successful compliance with
them. Although fresh water is extremely expensive in the Alaskan
area (costing five to ten times Seattle prices), and in many
areas is scarce to non—-existent, the anticipated waste management
schemes (discussed in Section VII) would not impose a significant
additional demand on water supplies. Furthermore, the wastes
from the processing of king, Dungeness and tanner crab can be
logically thought to be treatable (under proper conditions) and
no known toxicants are contained in the waste waters. Therefore,
these two factors were not considered bases for subcategorization
within the Alaskan crab industry.

As discussed in the "Economic Analysis of Effluent Guidelines,
Seafood Processing Industry" (June 1974), there 1is substantial
evidence that processors in isolated and remote areas of Alaska
are at a comparative economic disadvantage to the processors
located in population or processing centers in attempts to meet
the effluent limitations gqguidelines. The isolated 1location of
some existing Alaskan seafood processing plants eliminates almost
all waste water treatment alternatives because of undependable
access to ocean, land, or commercial transportation during
extended severe sea or weather conditions, and the high costs of
eliminating engineering obstacles due to adverse climatic and
geologic conditions. However, those plants located in population
or processing centers have access to more reliable, cost-
effective alternatives such as solids recovery techniques or
other forms of solids disposal such as landfill or barging.

For all of +the above reasons the Alaskan Dungeness, king and
tanner crab meat processing industries were placed into two
subcategories for the purpose of designing and estimating the
costs of treatment systems and for developing effluent standards
and guidelines: non-remote Alaskan crab meat processing
(Subcategory D), and remote Alaskan crab meat processing
(Subcategory E).
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(Subcategories F and G)

The following paragraphs discuss briefly the process variations
employed in the preparation of different product forms.

The most common method of perparation of king and tanner crab in
Alaska for the domestic market is the sectioning process shown in
Figure 16. After live tanking and butchering in the same manner
as in the meat process, the legs are allowed to remain attached
to the shoulders. The crab halves (or sections) are placed in
wire baskets and rinsed with fresh water +to remove residual
blood. They are then precooked at 609 to 71°C (140° to 1609°F)
for 2 to 5 minutes. Following precooking, the crab are cooked
for about 18 minutes at near-boiling temperatures; in addition to
cooking the meat this process inactivates the "bluing" enzyme, a
compound which, if not inactivated in this manner, causes the
crab meat during storage to turn from white to an undesirable
blue color. After cooking, the crab are rinsed and cooled in
either a spray or a dip tank system with circulating fresh water
(flow-through) . In the next step the crabs are inspected,
sections with missing legs or with cracked shells are shunted to
the meat processing line, and parasites are removed from the
shells manually with scrub brushes. The solid waste from this
area is dry-collected and periodically shoveled through the
butchering area grinder or occasionally a second grinder,
specifically located in this area of the plant. At this point
the cleaned crab sections are sorted according to size and
quality, packed into boxes and frozen. Freezing takes place in
either blast freezers or brine freezers. Those processors
employing brine freezing use a dip tank subsequent to freezing to
rinse off the adhering brine and to glaze the sections. The
sections are then boxed and stored in a freezer prior to
shipping.

In Alaska, Dungeness crab are most frequently processed for sale
as whole c¢rab. 1In this process the crab are held in live tanks
until needed. After inspection for missing claws and 1legs they
are cooked in either batch or flow-through cookers. Cooking
lasts for 20 to 30 minutes at 99°C (2109F) in fresh water or in
water containing 50,000 to 60,000 mgs/1 sodium chloride (as
chloride). When salt is used, the main purpose is to impart a
more desirable flavor to the crab rather than to effect any
substantial change in meat characteristics.

After cooking, the Dungeness crabs are transferred to the packing
area, usually by a belt, where they are spray rinsed. The
workers tuck the 1legs under the body and place the crab into
large steel baskets. The steel baskets are then immersed in
circulating fresh water for 15 minutes to thoroughly cool the
crab. Freezing of the crab is then accomplished by placing the
steel baskets in a brine freezer for 30 minutes. After fresh
water rinsing for 5 minutes to remove the excess brine and to
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glaze +the crab they are packed in boxes and stored in a freezer,
ready for shipment.

Dungeness crab that are missing claws or legs are butchered and
processed as sections as previously described for king and tanner
crab. The process is virtually identical for all three species.

There 1is 1little organic waste generated in the whole cook
operation. Whenever the number of missing crab appendages 1is
low, the largest source of organic waste 1in the whole cook
operation is the cooker. The water usage in the whole cook
operation is similar to that in the section process, the greatest
water use taking place in the cooling and rinsing operation.

There is a significant difference in the amount of water used and
the unit waste 1loads generated between the processing of whole
crab and sections and the processing of meat products (see
Section V). The discussion of subcategorization rationale for
crab meat products (Subcategories D and E) also applies to this
category. Therefore, +the Alaskan Dungeness, king, and tanner
crab sections and whole crab processing were placed into two
separate subcategories: non-remote Alaskan whole crab and crab
section processing (Subcategory F), and remote Alaskan whole crab
and crab section processing (Subcategory G).

Dungeness and Tanner Crab Processing in the Contigquous States
(Subcategory H)

Background

Although processing volumes are small compared +to those of
Alaska, a Dungeness and tanner crab processing industry does
exist along the Pacific Coast of the contiguous 48 states. The
predominant species processed in this region is Dungeness crab.
The tanner crab processed in this region are not native; they are
shipped frozen from Alaska during periods of surplus.

Most of the catch is picked for meat or cooked whole. Crab
processing as practiced in the "lower 48" is virtually identical
to that practiced in Alaska. The major difference between the
two industries is one of scale. Whereas a large plant in Oregon,
Washington, or california may pack 7.3 kkg (8 tons) of crab per
shift at peak capacity, its counterpart in Alaska might pack four
times that much.

Processing
The crab are removed from the pots and stored in 1live tanks
aboard ship. The size of the daily catch ranges from 140 to 900

kg (300 to 2000 1lbs). The boats usually deliver their catch each
evening, unloading and storing the crabs out of water prior to
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butchering the following morning. The crab normally are in
excellent physical shape prior to butchering for they are stored
such short 1lengths of time and the quantity of crab is so small
that there is hardly any weakening due to crowding, crushing or
oxygen depletion.

The butchering process is as previously discussed; the backs are
detached, the viscera removed and the 1legs separated from the
bodies. Some plants flume waste solids from this process to a
central screen but most employ dry-capture techniques. In the
latter instance, the only flows from the butchering area are
clean-up waters.

The next unit operation is bleeding and rinsing. The crab pieces
are either conveyed via belt beneath a water spray or are packed
in large steel baskets and submerged in circulating rinse water.
In either case, a continuous waste water flow results. The crab
parts (and whole crab) are then cooked in boiling water. Whole
crab are usually boiled 20 to 30 minutes in a 50,000 to 60,000
mgs/1l (as chloride) sodium chloride solution, containing 650 to
800 mg/l citric acid. Whereas the salt is used for seasoning,
the citric acid facilitates shell cleaning (by loosening adhering
materials) in a subsequent processing step. Crab sections, on
the other hand, are simply boiled for 12 minutes or so. The
waste water flows from this step, of course, are intermittent,
occuring whenever a cooker is discharged.

As in the bleeding and rinsing step, the next phase, cooling, is
accomplished in +two ways. The simpler method employs sprays to
cool the hot crab, resulting in a continuous wastewater flow.
Other plants employ immersion of the crab-filled baskets into
tanks through which cooling water is constantly flowing. After
20 minutes, the baskets are removed and allowed to drain. The
resulting waste waters consist of a continuous flow (the cooling
tank overflow) and a discrete flow (the cooling tank "dump" plus
crab-basket drainage).

In the plants of Oregon, Washington, and cCalifornia picking of
the meat from the shell is a manual operation. The "picking
stock" includes bodies and legs. Yields from Dungeness vary from
17 to 27 percent. This variation is mainly a function of the
maturity of the animal. Yields increase as the season
progresses. No water need be wused 1in this operation except
during washdown.

The cleaned meat is conveyed to brining tanks where loose shell
is separated from the meat by flotation, much as is practiced in
the blue crab industry on the East Coast. The 100,000 to 200,000
mg/l (as chloride) sodium chloride solutions are discharged
intermittently.

Most of the salt solution remaining on the meat is removed in the
next unit operation, the (immersion) rinse tanks. The discharges
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from these tanks are continuous and contain 1500 to 2000 mg/1l
chloride.

After rinsing, the meat is drained and packed. Whether packing
the meat in cardboard and plastic for the fresh market or
canning, this operation contributes 1little to the waste water
system except clean-up flows.

In those instances where the meat is canned, the final step is
retorting. In those where fresh packing is practiced, the last
step is refrigeration. Both processes require water but neither
appreciably contaminates it.

Wastes_Generated

The waste water flows from Dungeness and tanner crab operations
in the "lower 48" are similar to those emanating from Alaskan
operations with the singular exception that chloride concen-
trations are significantly higher and fluctuate strongly during
the processing shift and from day-to-day (see Section V).

Subcateqorization Rationale

Subcategorization for the Oregon, Washington, and California
tanner and Dungeness crab processing industry was developed
following much of the reasoning outlined in the discussion of the
Alaskan crab industry (Subcategories D, E, F, and G).

The major differences between +the two regions' processing
industries were geographical, with one exception: the use of the
brine tank in the "“lower 48,% whereas, it was not generally used
in Alaska.

The geographical reasons alluded to above, of course, included
considerations of climate, topography, relative isolation of the
processing plants, 1land availability, soil <conditions, and
availability of unlimited water. All of the these aspects then,
together with the significant difference 1in waste water
characteristics (chloride) between the two regions, resulted in
the designation of different categories for the Alaskan industry
versus the Oregon, Washington, and CcCalifornia tanner and
Dungeness crab processing industry, for the purpose of designing
and estimating the cost of treatment systems and for developing
effluent standards and guidelines.

SHRIMP PROCESSING

In addition to crab, the other major Alaskan fishery monitored in
this study was the BAlaskan shrimp processing industry. The
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Alaska pink shrimp (Pandalus borealis) are caught commercially in
nets to a distance of approximately 80 km (50 miles) from shore.
The shrimp are taken directly to a processing plant or to a
wholesale marketing vessel. When 1long storage times are
necessary, the shrimp are iced in the holds and re-iced every
twelve hours.

Background

When commercial shrimp production began in Alaska over 50 vyears
ago, hand picking was the basic peeling method used. In 1958,
automatic peelers were introduced. The tremendous expansion
experienced by the industry in the last decade can be attributed
mainly to the introduction of these mechanical peelers. From 45
to 180 kg (100 to 400 1lbs) of shrimp can be hand peeled per day,
whereas the capacities of modern shrimp peeling machines vary
from 1820 to 5450 kg (4000 to 12,000 1lbs) per day (Dassow, 1963).

Table 11 1lists the Alaskan shrimp processing regions and wastes
generated in 1967. The shrimp season extends throughout the year
in Alaska but the operation peaks from May through June. Over
4500 kkg (5000 tons) of wastes are generated annually in Alaska
by this industry.

Table 11. Alaskan shrimp wastes, 1967 (Yonkers, 1969).

Region Canneries (kkqg) {(tons)

Aleutian Islands 1 410 { 450)
Kodiak Island 3 3540 (3900)
Southeastern Alaska 2 730 { 800)

TOTAL 6 4681 (5150)

The Alaskan shrimp processing industry is centered around Kodiak,
where shrimp represent the 1largest wvolume of 1landings. The
shrimp processing waste waters are said (McFall, 1971) to
constitute the major portion of the pollution 1load being
discharged 1into Kodiak harbor. Approximately 50 machine peelers
with a total capacity approaching 340 kkg (375 +tons) of raw
shrimp per day are located in processing plants in or immediately
adjacent to the town of Kodiak. Up to 230 kkg (250 tons) of
shrimp waste were discharged into the receiving waters each day
during peak processing periods until the local waste handling
plant opened in late spring of 1973. Most of the shrimp plants
have from U4 +to 9 machine peelers, each of which use about 3801
(100 gallons) of process water per minute.
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Shrimp are caught in large nets called "“otter trawls." Large
planing surfaces or "doors" are used in conjunction with a lead
and float line to hold the mouth of the bag-like net open. Once
onboard the boat, the shrimp are heavily iced in most instances
and remain in the hold for as long as 5 days. The shrimp are
then transported to port, unloaded at the plant and frequently
stored for a few days to condition them for peeling. In Alaska,
fish that are caught with the shrimp are brought to the dock with
the catch and are later manually separated from the shrimp and
discharged.

Processing

The Alaskan shrimp process is depicted in Figures 17 and 18.
After unlocading and storage, the shrimp are mechanically peeled
in one of two main types of shrimp peelers: the Model PCA and
the Model A, both of which are made by the Laitram Corporation of
New Orleans, Louisiana. The PCA peeler employs a 1.5 minute
steam precook to condition the shrimp prior to peeling. This
facilitates '~ the peeling step of the operation and allows
significantly greater through-put of product. The Model A peeler
does not employ a steam precook. In Alaska the PCA shrimp are
nearly always subsequently frozen, while the Model A final
product is canned or frozen.

After peeling the meats are inspected and then washed. If they
are to be canned, the meats are blanched in a salt solution for
about 15 minutes and then dried by various methods to remove
surface moisture. Prior to final canning the shrimp are once
again inspected.

When this study was initiated, three subcategories for BAlaskan
shrimp were designated in a preliminary fashion:

1. canned, Model A peeled shrimp;

2. frozen Model A peeled shrimp; and

3. frozen Model PCA peeled shrimp.

The resulis of the study (Section V) indicated that no signi-
ficant differences in the waste waters from the processing of
Model A peeled and canned shrimp versus Model A peeled and frozen
shrimp exist. Furthermore, the differences in the waste
characteristics between the monitored plants using Model A
peelers and those using Model PCA peelers were only quantitative,
not qualitative. Based on these observations, it was decided to
designate the entire Alaskan shrimp processing industry as a
single subcategory.

With both Models A and PCA peelers, the shrimp are fed into the
machine on a broad belt. This insures an even distribution of
shrimp across the width of the peeler. The PCA shrimp are steam
precooked while on this belt. This precook helps "condition" the
shrimp by loosening the shell, making them easier to peel. The
processing rate for Model A peelers is higher than that for the
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PCA-type, but it is generally felt within the industry that the
PCA peelers yield a higher quality product. Whereas the Model A
can handle approximately 410 kg (900 pounds) of raw material per
hour, Model PCA capacities are limited to about 230-270 kg (500-
600 pounds) per hour. These processing rates, as mentioned
earlier, vary greatly with condition of the incoming product.

On the peelers, the shrimp drop onto counter-rotating rollers
that "grab" the feelers of the shrimp and roll the shell off the
meat. The shrimp are pressed against these rollers by overhead
racks. Considerable water is used in both types of peelers to
transport the product and the shell away from the machines. This
water may be either fresh water or salt water. Both types are
used in Alaskan processing plants.

In an average plant approximateiy 50 percent of the total water
use 1is in mechanical peelers. Frequently the shrimp meat is
flumed from the peelers to the next step, the washers.

Two types of washers are used for peeled shrimp, one for raw
shrimp and one for cooked. The Laitram Model C washer is
designed for detaching "swimmerettes," gristle and other waste
material and shell from raw shrimp, where the Laitram Model PCC
cleaner is designed to wash peeled precooked shrimp. In the
washers, agitators vigorously mix the shrimp in the trough of the
washer, breaking 1loose any shell not removed in the peeling
process. A few plants that use PCA peelers do not use subsequent
washers because the violent agitation fragments some of the
shrimp.

After washing, the shrimp meat is flumed to separators where the
small meat fragments and remaining shell are automatically
removed. Again, two different designs are used, one for peeled,
precooked shrimp and one for peeled raw shrimp. After passing
through the separators, the shrimp meat is flumed to a dewatering
belt. Approximately 20 percent of the total plant waste water
flow comes from the washing-separating area.

After dewatering, the Model A peeled shrimp are blanched in a
salt solution for 15 +to 17 minutes at 96°C (2059F). Only the
shrimp which are to be subsequently canned are blanched. Usually
neither the PCA peeled shrimp nor the Model A peeled shrimp to be
frozen are subjected to the blanching step. The cooker used for
blanching is normally discharged every four hours.

The next step is the final air-cleaning step in a "“shakerblower"
operation. This step is not universally used. In this step, the
shrimp meats are dried and any extraneous shell 1is blown off.
Following cleaning the shrimp are inspected and any shrimp with
shell still adhering to them are removed and wasted. The meat is
then further sized and graded either manually or by machine.

The shrimp to be canned move through the automatic filler and
into the cans. Before the lids are placed on the cans, ascorbic
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acid is added. As in the crab industry, the ascorbic acid serves
as a color preservative and prevents the undesirable "bluing" of
the meat. In the next step, the cans are seamed, after which
they are retorted for 20 minutes. Those Model A peeled shrimp
which are not to be canned but which are to be frozen are packed
without the use of additives.

PCA peeled shrimp, prior to freezing, are rinsed in a salt-
-ascorbic acid solution 1in some processing plants. In others,
this step is omitted. The shrimp are then frozen in plastic bags
or in 2.3 kg (5 1b) cans and stored to await shipment.

Wastes Generated

Jensen (1965) estimated that 78 to 85 percent of the shrimp is
wasted in mechanical peeling.

The National Marine Fisheries Service listed the composition of
shrimp waste as shown in Table 12.

Table 12. Composition of shrimp waste

Composition_(%)

Source Protein Chitin CaCo3
Hand peeling 27.2 57.5 15.3
Mechanical peeling 22.0 42.3 35.7

A specialized market for shrimp waste has developed in the fish
food industry. The red pigment of the shrimp (astaxanthin)
supplies the pink color which is characteristic in wild trout but
absent in farm trout (Mendenhall, 1971).

Crude waste from shrimp cannot provide the major source of
protein in livestock feed because the amount of calcium would be
excessive, However, a simple and inexpensive method for
decalcifying meal has been developed (Mendenhall, 1971). Other
uses for the solid waste produced in the shrimp processing
industry are discussed in Section VII.

Little work has been done to date on the characterization of the
waste waters generated in the Alaskan shrimp processing industry.
Crawford (1969) reported that mechanical shrimp peeler effluents
averaged 29,000 mg/l total solids and 6.4 percent total nitrogen
(dry weight basis). Recent (and unpublished) work has been
conducted by +the Environmental Protection Agency and by the
National Marine Fisheries Service in the shrimp plants of Kodiak,
Alaska. The results of their studies are detailed in Chapter 5
(McFall, 1971 and Peterson, 1973a and 1973b,).
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Subcategorization_Rationale

The reasoning followed in the development of the Alaskan shrimp
subcategory paralleled in many respects the reasoning followed in
the designation of Subcategories D, E, F, and G. As is the case
with the crab industry, +the Alaskan shrimp industry is
characterized by large processing plants operating heavily during
the peak processing months of the year and only intermittently
during the remainder of the year. Raw material availability, as
with crab, is very much a function of weather. The availability
of raw material at the docks is determined by the fishermen's
ability to set their nets and complete a "drag" through the
shrimp fishing grounds.

Indications are that the condition of raw material on delivery to
the processing plant influences the character of the waste water
streams emanating from the process. Unlike crab, shrimp are
delivered to the plant on ice and the age of the individual
animals in a load will vary from one day to a week. The degree
of natural decomposition (or degradation) varies correspondingly.
As a general rule, the older the mean age of the animals in a
load, the greater will be the +total pollutant content of the
processing waste stream.

In addition to age in terms of numbers of elapsed days since
harvest, the biological age of the shrimp appears to affect the
waste water characteristics., Although this study was of
insufficient duration to determine the exact effect of maturity
on waste water characteristics, previous investigation by the
National Marine Fisheries Service Technology Laboratory in Kodiak
and by the National Marine Fisheries Service, Seattle Laboratory
indicate that a significant difference in total waste loading
exists between early spring and 1late summer (Collins, 1973).
Indications are that as the shrimp mature and become larger, the
organic levels in the waste streams decrease. The difference in
organic load from processing of mature versus immature shrimp has
been indicated to be as much as 50 percent. The exact effect of
maturity on waste water component 1levels remains to be
determined.

As is the case with crab, the product yield tends to increase as
the season progresses. This consideration, although it affects
the waste water stream in the processing plant, should not prove
a detriment to this study because the waste water characteristics
developed (Section V) were generated during a period of relative
immaturity of +the animal and correspondinagly lower yields than
might be expected with mature animals. Therefore, it 1is not
expected +that pollutant 1levels, in terms of production, would

increase over the course of the season. Rather they would be
expected to decrease somewhat, although again perhaps not
significantly. The third wvariable to be considered in

subcategorization was "variety of the species being processed."
This variable was not applicable to the Alaskan shrimp industry
and was, therefore, not a justification for subcategorization.
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As discussed in the "Background" section of this report,
harvesting of Alaskan shrimp is carried out virtually exclusively
through the use of otter trawls. Therefore, "harvesting method"
was not an important variable in the subcategorization scheme.

Whereas, "degree of preprocessing" is significant in other shrimp
fisheries where shrimp are sometimes beheaded at sea, and where
trash fish are sometimes separated from the shrimp catch prior to
returning to the processing plant, this is not the case in the
Alaskan industry. No preprocessing of the Alaskan shrimp takes
place prior to docking of the vessel next to the processing
plant. Therefore, this variable was not considered a significant
factor in the development of subcategories.

The variable "manufacturing process and subprocesses" does apply
to the Alaskan shrimp processing industry. As discussed in the
"Processing" section, two main types of peelers are used, Laitram
Model A and Laitram Model PCA (with steam precook). Furthermore,
those shrimp to be canned were subjected to a subsequent
blanching step which was not a part of the process for shrimp
which were to be frozen. While these variables are significant
in the Alaskan shrimp processing industry, their importance fell
short of dictating that a separate subcategory be established for
Model A versus Model PCA peeled shrimp.

"Form and quality of finished product" was a variable that was
"considered in the subcategorization scheme and that indirectly
has an effect on the waste water strengths in the Alaskan shrimp
processing industry. That is, shrimp which are to be canned are
processed using Model A peelers and those which are to be frozen
are peeled on both, These differences, however, are covered
above under "manufacturing process and subprocesses"™ and need not
be further considered here.

"Location of plant" was a very important item in the Alaskan
shrimp processing industry and in large part Jjustified desig-
nation of a separate subcategory. The arguments appropriate for
this decision are the same arguments that are presented earlier
in this chapter for Alaskan crab and need not be reiterated in
their entirety here. It is sufficient to mention that <those
variables tied to the 1location of the plant such as climatic
conditions, terrain, and soil types are unique to the Alaskan
region and severely constrain the number of available waste
management alternatives which can be considered in the
development of effluent guidelines.

The effects of "production capacity and normal operating level"®
are apparent in the Alaskan shrimp industry because a 1large
amount of the total plant flow passes through the peelers. That
flow remains constant whether the peelers are running at full
capacity or half capacity. Nevertheless, the influence of these
variables was not sufficient to warrant subcategorization.
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The "nature of the operation" was a consideration of near equal
importance +to "location of plant." The intermittent nature of
the industry precludes the designation of treatment systems
requiring constant or only mildly fluctuating influent waste
streams and further limits the number of alternatives available
to the sanitary engineer.

The variables f'raw water availability, cost and quality" and
"amenability of the waste to treatment" were of relatively small
consequence in the designation of this subcategory. Although the
maintenance of an adequate fresh water supply is a continual
problem in Alaska, the anticipated waste management schemes
(discussed 1in Section VII) would not impose a significant
additional demand on present water supplies. Furthermore, the
wastes from the processing of Alaskan shrimp can be thought to be
treatable (under proper conditions) and no known toxicants are
contained therein.

As discussed in the "Economic Analysis of Effluent Guidelines,
Seafood Processing Industry" (June 1974), there is substantial
evidence that processors in isolated and remote areas of Alaska
are at a comparative economic disadvantage to the processors
located in population or processing centers in attempts to meet
the effluent 1limitations guidelines. The isolated location of
some existing Alaskan seafood processing plants eliminates almost
all waste water treatment alternatives because. of undependable
access to ocean, land, or commercial transportation during
extended severe sea or weather conditions, and the high costs of
eliminating the engineering obstacles due to adverse climatic and
geologic conditions. However, those plants located in population
or processing centers have access to more reliable, cost-
effective alternatives such as solids recovery techniques or
other forms of solids disposal such as landfill or barging.

For all of +the above reasons the Alaskan shrimp processing
industry was placed into two subcategories for the purpose of
designing and estimating the costs of treatment systems and for
developing effluent standards and guidelines: non-remote Alaskan
shrimp processing (Subcategoxry 1I), and remote Alaskan shrimp
processing (Subcategory J).

Non-Alaskan_Shrimp (Subcategories K, L, and M)

Of the seafood commodities studied, the most wide ranging was
shrimp. Significant shrimp fisheries are being exploited in
waters off the coast of all the major regions in this country.
In addition to the Alaskan industry a medium size shrimp canning
and freezing industry exists on the lower Pacific Coast, a medium
to large size canning industry operates on the Gulf Coast,
centering around the Mississippi River delta area, a large
breading and freezing industry extends from the east coast of
Texas to the east coasts of Florida and Georgia, and a growing
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shrimp canning and freezing industry operates in the New England
area.

Figures 19, 20, and 21 are plots of all shrimp flow, BODS5, and
suspended solids data (respectively) gathered in this study. :\
review of these plots and the shrimp data in Section V reveals
that the breaded shrimp flows and suspended solids average about
twice those from the non-breaded shrimp processors. The
settleable solids in the waste waters from the northern shrimp
processors, on the other hand, were nearly ten times those from
southern shrimp processing, breaded or not. As was expected, the
breaded shrimp suspended solids levels were nearly twice those of
the non~breaded shrimp.

The breading of southern shrimp nearly doubled the waste water
BOD. The northern shrimp BOD's were nearly three times those of
the unbreaded southern shrimp, a phonomenon largely attributable
to the differences in product size (as is discussed later).
Paralleling this BOD relationship, the northern shrimp COD and
0il 1levels were also considerably higher than those of the
southern shrimp.

These obvious differences, together with contrasts in climate,
land availability and other factors (discussed later) led to the
designation of three subcategories for non-Alaskan shrimp:
Northern Shrimp Processing in the Contiguous States (Subcategory
K) ; Southern Non-Breaded Shrimp Processing in the Contiguous
States (Subcategory L); and Breaded Shrimp Processing in the
Contiguous States (Subcategory M).

Northern Shrimp Processing_in_the Contigquous_States
(Subcategory K)

Background

The wastes generated in the shrimp canning and freezing industry
of the contiguous United States were found to vary from region to
region. The variations exhibited were easily traced to two main
variables: differences in product size; and harvesting or
preprocessing techniques. The basic shrimp process was found to
be consistent from Astoria, Oregon to Brownsville, Texas +to0 New
Orleans, Louisiana to Brunswick, Georgia to Gloucester,
Massachusetts.

In terms of total product marketed, shrimp in the United States
are second only to tuna. The average United States shrimp
harvest approaches 100,000 kkg (224 million pounds) (Langno,
1970). Lyles (see Table 13) presents considerably higher values.
Table 14 shows the breakdown of the major products for 1970.

The principal species harvested in the Oregon, Washington, and
California waters is the pink shrimp (Pandalus Jjordani). Prod-
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Table 13 Recent shrimp catches

Quantity
Year
(kkg) (tons)

1967 139,600 (153,900)
1968 132,300 (145,800)
1969 143,800 (158,550)
1970 167,000 (184,050)
1971 175,900 ~ (193,950)
Average 151,700 (167,250)
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Table 14 Shrimp products, 1970

Quantity

Product

(kkqg) {(tons)
Breaded 46,630 (51,400)
Canned 12,020 (13,250)
Frozen 41,860 (46 ,150)
Specialty products 140 (150)
Total 100,650 (110,950)
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uction in this region approaches 6800 kkg (7500 tons) per year,
more than 8C percent of which is delivered to Oregon and
Washington processing centers (Soderquist, et al., 1970).
According to the National Marine Fisheries Service, the West
Coast stocks are capable of producing roughly twice that amount
under ideal circumstances. The shrimp industry of the New
England area is relatively new and has grown dramatically since
1965. From 1965 to 1969 harvests doubled yearly. In early
years, +the fishery was confined to the state of Maine but as
harvests increased, processing spread south and a large
processing center is now located at Gloucester, Massachusetts.
Practically all Massachusetts shrimp landings take place at
Gloucester. Oon Table 15 is a list of shrimp landings in Maine
and in Massachusetts during the 1965 to 1969 period. The normal
shrimp season in New England is from September through May with
peak catches occurring from January to April. Shrimp processing
techniques in the region are varied. They include canning and
freezing of both peeled and unpeeled shrimp. The current trend
in processing 1is toward peeled, fresh-frozen shrimp using
standard automatic peeling machines, in plants operating up to 16
hours per day.

Processing

As mentioned earlier, the process for canned or frozen shrimp is
fairly uniform throughout the United States (see Figures 17 and
18), also the reader is directed to the processing description in
the sections dealing with Alaskan shrimp. Variations from that
general scheme are discussed below.

On the lower Pacific Coast, shrimp are brought to the processing
plant frequently (1-2 days). Very seldom are the shrimp held at
sea more than a few days. After netting, the shrimp are brought
onto the deck of the ship and the majority of the larger fish and
debris is removed at that time. The shrimp are then stored whole
in the hold of the boat. These shrimp are laid in a 5 to 8 cm (2
to 3 in.) mat with about 2 cm or more of ice put over them. This
layering is very important, if not done properly, spoilage will
occur quite rapidly. Although trash fish are removed from the
catch prior to returning to port, approximately one percent of
the delivered 1load still consists of trash fish and debris, and
must be manually separated at the processing plant. In the New
England area, the shrimp are delivered fresh daily to the
processing plant, heads on. At the plant dock they are inspected
and foreign material is removed; then they are weighed and iced.

The remainder of the shrimp canning and freezing operations on
the 1lower West Coast, South Atlantic, and Northeast Coast are
similar to those previously discussed in the section on Alaskan
shrimp. In the shrimp canning industry of the Gulf Coast and of
the West Coast, both Model A and PCA type peelers are employed.
In the New England area, the PCA type peelers are prevalent. On
the West Coast and in the New England area, some seawater is used
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Table 15 New England shrimp landings,* 1965-1969
(Gibbs and Hill, 1972).

Maine Landings Massachusetts Total ¥
Year

(kkg) (tons) (kkg) (tons) (kkg) (tons)
1965 942 (1038) 8 (9) 950 (1047)
1966 1738 (1916) 11 (12) 1766 (1947)
1967 3147 (3462) 10 (11) 3171 (3496)
1968 6545 (7200)
1969 11,110 (12,250) 2040 (2250) 13,110  (14,450)
*Heads on

**Entire New England shrimp fishery.
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in a few plants for processing. Most plants, however, use fresh
water exclusively.

Wastes Generated

The discussion of the wastes generated in the Alaskan shrimp
processing industry is applicable to much of the remainder of the
shrimp industry in the United States, especially the Pacific
Northwest and the Northeast industries where the shrimp are of
comparable size to the Alaskan shrimp.

The majority of the work on shrimp wastes has been conducted in
the Gulf Coast area. A demonstration project is currently under
way at a major shrimp cannery in Westwego, Louisiana. This
program is designed to evaluate the efficacy of different
screening and dissolved air flotation techniques.

Subcategorization Rationale

Subcategorization for the shrimp industry was relatively com-
plicated. In addition to the previously mentioned factors which
differentiate between northern, southern and breaded shrimp,
other factors distinguish these sukcategories from Alaskan shrimp
and were discussed in the "Alaskan Shrimp" section. The major
difference between larger Gulf and South Atlantic shrimp and
smaller West Coast and New England varieties are due to geography
and species diversity.

The condition of raw material on delivery to the processing plant
does vary between the northern plants and the southeastern plants
which may practice beheading at sea.

Harvesting methods, production capacity and normal operating
levels are similar in all areas of the country sampled.
Manufacturing processes and subprocesses, form and quality of
finished product, and nature of operation showed variation
between +the canning processes and breading processes. Analysis
of the data (Section V) indicates that the West Coast canning
process, the Gulf Coast canning processes and the breaded shrimp
processes were each dissimilar enough so they should be
considered separately.

Raw water availability, cost and quality is definitely superior
in the Pacific Northwest to that of the Gulf Coast and South
Atlantic regions. However, no evidence has been put forth to
suggest that this should justify consideration of separate
subcategories.

SOUTHERN NON-BREADED_SHRIMP_ PROCESSING_IN_ THE_CONTIGUOUS STATES
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(Subcategory L)

Background

In the Gulf of Mexico and South Atlantic area, the shrimp
industry is the most important seafood industry. The season in
that part of the country runs from April to early June and again
from August to early October. Three varieties of shrimp are
processed in the Gulf area, the pink (Penaeus duorarum); the
brown (Penaeus aztecus) and the white or gray shrimp (Penaeus
setiterus). The 1latter is processed most heavily. In both the
shrimp breading and shrimp canning industries, considerable
importation of foreign stocks from points as distant as North
Africa and Indonesia is practiced.

Processing

As mentioned earlier, the process for canned or frozen shrimp is
fairly uniform throughout the United States (see Figures 17, 18
and 22), also the reader is directed +to the processing
description in the sections dealing with Alaskan shrimp.
Variations from that general scheme are discussed below. In the
Gulf of Mexico and South Atlantic fishery, the boats normally do
not bring their catch directly to the processing plant. They
commonly dock at central locations (buying stations) and unload
their catch into waiting trucks. The shrimp are then iced down
and hauled to the processing plant. Unlike other areas, the Gulf
and South Atlantic shrimp fishery behead a significant portion of
the catch at sea. This is done to minimize degradation of the
product and permits extension of fishing trips. In a few
instances, whole shrimp are brought to the unlocading point where
they are beheaded prior to being loaded onto the truck, for
transport to the processing plants.

In addition +to raw waste characteristics, the subcategorization
rational follows the discussions presented above for Alaskan
shrimp and northern shrimp processing.

BREADED SHRIMP PROCESSING _IN THE CONTIGUOUS STATES
(Subcategory M)

A large percentage of the shrimp landed on the Gulf Coast are
processed as a breaded product. This product was successfully
developed during the 1950's and markets are continuing to expand.

Processing
The breaded shrimp industry pays a higher price for beheaded

shrimp due to certain types of machinery that can only handle
this type of product.
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On the Gulf or South Atlantic Coast, where the breaded shrimp
industry is prevalent, peeling is done either by machine or hand.
Most plants utilize some form of hand peeling of shrimp. The
breaded shrimp schemes are shown on Figure 23. Hand peeling is
used because it gives a much nicer looking product than machine
peeling. There are two different makes of machine peelers used:
Johnson (P.D.I.) peelers, and Seafood Automatic peelers. The
machines have a capacity of 1800 to 5500 kg (4000 to 12,000 1bs)
per day depending on the make (Dewberry, 1964).

Two types of breading usually occur in each plant: hand and
mechanical. Hand breading 1is done by experienced women who
generally work with the best product. The shrimp are first
dipped in batter, then in bread until the shrimp are coated, then
they are boxed, weighed and sealed. Mechanical breading employs
the same process as the hand breading and is sometimes called
"Japanese Breading." The mechanical breading generally has two
main waste flows: one from the holding tanks and the other is
from the batter mixing tanks overflow. Each plant also has a de-
breading station where improperly breaded shrimp are washed and
rerun prior to boxing.

Shrimp that have been breaded are packaged either as "fantail"
shrimp (shrimp that have the uropods portion of the tail left and
are split part way up the back), or as "butterfly" (split whole
shrimp with tail removed). Butterfly and whole shrimp (either
glazed and frozen or breaded and frozen) are also packaged. The
packages are then machine sealed and frozen. Shrimp are frozen
either in blast freezers or I.Q.F. quick freezers.

The discussion of the wastes generated in the Alaskan shrimp
processing industry is applicable to much of the remainder of the
shrimp industry in the United States.

In addition to raw waste characteristics the subcategorization
rational follows the discussions presented above for Alaskan
shrimp and northern shrimp processing.

The annual consumption of tuna in the United States each year far
surpasses any other seafood. The raw material, processing
methods and size of operation clearly distinguish <the tuna
industry from the other fisheries studied. For these reasons,
tuna 1is considered a separate category. The industry may be
divided into four main segments: harvesting, processing for
human consumption, production of pet food, and by-product
recovery. For the purpose of this report these four segments
will be discussed with specific emphasis on the processsing of
human food; pet food production and by-product utilization will
be treated as waste recovery, although each is an integral and
profitable part or the industry. Harvesting will be considered

81



8

Million

600

450

300

150

1961

SUPPLY OF CANNED TUNA, 1961-72

1
pounds

|

Total supply
{

canned

U. S. pack from
imported fresh
and frozen

e ——

U. S. péck from
domestic landings

T

1962

1967 1968 1969 1970

Figure 24

1971



only from the standpoint of a raw materials source and shall not
be dealt with in detail.

Background

The United States tuna industry began in 1903 with the production
of 700 cases of Albacore tuna packed in California. By 1972, it
had grown to over 31 million cases per year worth $632.5 million
with plants located, not only in the continental United States,
but also in Hawaii, Puerto Rico, and American Samoa. In recent
years, the industry has been increasingly dependent on imports of
fresh and frozen raw tuna to meet the demand. As indicated on
Figure 24, only 34 percent of the U. S. supply was packed from
domestic landings--compared with 39 percent in 1971 (N.M.F.S.,
1973). The four main tuna species of interest to the tuna pro-
cessors are the yellow fin (Neothunus macropterus), blue f£fin
(Thunnus thynnus), skipjack (Katsuwonus pelamis), and Albacore
(Thunnus germo) . These species are divided into the white meat
variety, exclusively Albacore, of which there is a limited catch,
and the 1light meat varieties of blue fin, yellow fin and skip-
jack; the latter two comprise the majority of the tuna canned in
the United States. White meat tuna is considered the "“premium"
product of the industry, because of its characteristically white
color, firm texture and delicate flavor as compared with the
darker, fuller flavored light meat. Harvesting ‘with pole and
line has given way in the past 20 years to the use of the purse
seiner, which permits the catching of a large volume of fish in
about one-fourth the time, (Albacore are primarily harvested
with pole and line because they don't school). After locating a
school of tuna, the fish are encircled with a large net which is
then drawn closed at the bottom. The fish are subsequently
crowded together and dipped out of the enclosure into the hold of
the boat. Fish harvested locally, i.e., near the processor, are
held in refrigerated cargo holds or wells in +the ship. An
alternate method of storage has been developed for a catch which
must be +transported from foreign water, often thousands of
kilometers from the processing plant. This method entails brine
freezing the fish and then holding them in a frozen state until
near the plant where the fish are then thawed enough to be easily
unloaded.

Processing

The processing of tuna is divided into several unit processes,
specifically: receiving, thawing, butchering, precook, cleaning,
canning, retorting, and finally, labeling and casing. Product
flow, waste water flow, pet food production, and waste
utilization is shown schematically in Figure 25.

The tuna are unloaded from the fishing boats into one ton bins

and transported by fork 1lift trucks to the scale house for
weighing. Then, depending on the condition of the fish, 1i.e.,
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soft or frozen, and the production backlog, they are either
transferred to cold storage or directly to thawing tanks; soft
fish which may be fresh or partially thawed are usually processed
immediately. Imported fish, i.e., purchased from a foreign
country, are also received to fill any gaps in domestic
harvesting.

The fish are thawed in large tanks which hold 8 to 1C one ton
bins. These tanks are equipped with a moveable end plate so that
fork 1lift +trucks can place the bins inside the tanks and
subsequently remove them after the thaw. Once the bins are in
place, the end plate is lowered and fresh water or seawater is
pumped or sprayed into the tank. Thawing then takes place under
either static or continuous flow conditions. Steam 1is used in
some cases to heat the water.

The thaw time depends on three variables: 1) the condition of
the fish with respect to temperature; 2) temperature of the thaw
water, and 3) size of the fish. Smaller species, e.g., skipjack
averaging 1.8 to 9.0 kg (4 to 20 1lbs) and Albacore 4.5 to 18 kg
(10 to 40 1bs), take from two to three hours to thaw whereas
larger species, e.g., the yellow fin averaging 4.5 to 45 kg (10
to 100 1lbs), take from five to six hours. Thawing time is
increased for fish held in cold storage at -12 to -18°C (0 +to
10°F) . A substantial reduction in thaw time is achieved by
heating the thaw water with the addition of steam. After thawing
is completed, the tanks are drained into a collection ditch, the
end plate is raised, and the bins are removed and placed on an
automated dumper at the head of the butchering line.

The thawed fish are dumped onto a shaker conveyor which spreads
them out and transports them to the butcher table. Equipped with
a conveyor belt, wash screen, and circular saw the table is
manned by 5 to 10 skilled workers who eviscerate each tuna. The
viscera, which comprises 10 to 15 percent of the tuna by weight,
is removed and placed in barrels along the 1line. The +tuna is
washed with a water spray and checked for freshness
organoleptically, i.e., by a trained worker who inserts a hand
into the cut made by the butchers and smells it for signs of
putrifaction. Workers at the end of the line place the +tuna in
mobile racks containing 14 separate trays. The larger species of
tuna are cut to standard size and set into trays for the precook
process which follows.

A small water jet is usually sprayed onto the saws to keep them
clean. The accumulated waste from the saw and wash screen drips
onto the floor and is collected in a drain running parallel to,
and underneath the butcher table. This drain also collects
waters used to hose down the floor periodically during the day
and the equipment washdown at the completion of the butchering
process. The viscera is collected in barrels and sent to either
the fish meal reduction plant or the fish solubles plant.

85



The tuna are precooked to facilitate the removal of edible from
inedible portions. The precook process involves three main
steps: 1) the steam cooking of the fish, 2) removal of the steam
condensate or "stickwater," and 3) the cooling of the fish prior
to cleaning.

The racks of butchered fish are wheeled into large steam cookers
with a capacity of 10 tons of fish per cook. Depending upon the
size of the fish or fish sections, the cook will last from 2 to &4
hours at a 1live steam temperature of 93°C (200°9F). Steam
condensate plus oils and moisture from the fish collects in the
cookers and the resulting stickwater is pumped to a solubles
plant which concentrates this and other by-product liquids.

After the precook, the racks are moved into a holding room and
cooled about 12 hours. The holding or cooling room may be
equipped with fine spray nozzles to hasten the heat loss, but in
most cases cooling takes place under ambient conditions. Because
of the time involved in the precook process, the fish are thawed,
butchered, and precooked the day before they are cleaned and
packed. From the cooling room the racks of cooked tuna are moved
into the cleaning area of the packing room.

The trays of cooked tuna are wheeled to the packing room where
the fish are removed from the racks and the tuna placed along the
long cleaning lines which lead the packing machine. There may be
from one to ten lines in a plant, depending upon its size, with
about 100 people working each line. The line consists of a 1long
double table, with an elevated shelf separating the two sides and
a stainless steel conveyor belt in the middle of this shelf. At
each position along the table is a hopper feeding another
conveyor belt beneath +the table. First the head, tail, fins,
skin, and bone are manually removed from the fish and disposed of
in the aforementioned hopper, conveyor system. This scrap is
collected at the leading end of line and by means of an auger it
is conveyed to a collection area for transport to the fish meal
reduction plant. Depending on size and species, approximately 30
to 40 percent of the tuna by weight is comprised of this non-
edible portion. Next, the red meat which constitutes 6 +to 10
percent of the tuna 1is scraped from the lighter meat into a
container for collection and transport to the pet food production
area. Cleaned of all excess material, the meat is separated into
four loins along natural dividing lines, i.e., down the back and
along the sides. These loins along with broken portions of the
loins are placed on the elevated conveyor to the can packing
machine. Chunk style tuna 1is prepared from broken sections
whereas whole loins are used for solid pack tuna. Automatic
packing machines shape the tuna and fill the cans. A spillover
of juices onto the floor from the compaction of the tuna results
in the only flow of waste from what is otherwise a dry process.
The cans are then filled with soybean or vegetable o0il, a brine
solution, and monosodium glutamate; the o0il replaces the natural
oils lost in cooking and lubricates the tuna to prevent sticking
to the sides of the cans during the high temperatures reached in
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retorting. The oil delivery system has an overflow collection
system which filters the o0il and recirculates it, thereby mini-
mizing loss.

After vacuum sealing in a 1id seaming machine the cans are run
through a can washer to remove all the particles and oil from the
outside. The can washers usually have three phases: prerinse,
soap rinse, and final rinse, all utilizing hot water. The first
two phases are recirculated water from which the oils and solids
are removed. A despotting agent is often added to +the final
rinse to protect against mineral deposits on the cans as the cans
dry.

Conveyed by a series of belts, elevators, and wire enclosed
gravity feed lines, the packed cans arrive at the cooker room on
one of several 1lines, depending on can size. Retort cooker
buggies, which are semi-circular in shape to fit into the
cylindrical cookers, are filled with cans at each of these
several can lines. When enough full buggies of a particular can
size are 1loaded they are guided into the retorts on a set of
rails and the doors are bolted shut.

The retorts are essentially large pressure cookers which measure
1.4 meters by 11.1 meters (4-1/2 £t by 37 ft) in which the tuna
is sterilized at 121°C (250/F) for 1-1/2 hours. This procedure
insures the destruction of all living organisms within the can
which could destroy the product or more seriously in the case of
Clostridium botulinum pose a fatal danger to the consumer. After
the necessary time and temperature requirements have been
satisfied for the particular can size, the pressure 1is reduced
and the cans cooled with circulating cold water. A final water
rinse contains a despotting agent as is sometimes used to protect
against spotting when the cans dry. The buggies are removed from
the retorts to a holding room for further cooling and drying.

Each can is coded at the time of sealing; a representative number
are sampled, tested, and then that code 1is designated for a
certain market or distributor. After the cans have cooled in the
holding room, the buggies are dumped into a bin from which the
cans are alined for the labeling machine. Application of the
label and subsequent casing in corrugated fiber containers is the
last step in the processing plant before either shipment or
warehousing.

Pet Food Production

The dark colored meat scraped away from the lighter meat in the
cleaning process 1is collected and packed as pet food; the in-

dustry refers to this darker meat as "red meat." The packing
process differs from the human consumption line in that less
attention 1is given to the style of pack. Other flavor

ingredients are added and the can filling mechanisms deliver the
correct quantity of tuna to the can without the extra process of
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compaction and shaping. The cans are vacuum sealed, rinsed and
conveyed to the same cook room +to be retorted. As these
processes have been previously described, no further mention will
be made of them here.

Non-Tuna Pet Food

In conjunction with the production of red meat tuna, some of the
plants are also equipped for processing other types of pet foods.
Viscera from the beef packing industry, egq, poultry parts, and
other ingredients are prepared and cooked in large vats. The
mixture is packed in cans using machinery very similar to that
used in the red meat process and sealed, passed through can
washers, and transferred to the cook room for retorting.

By-Product Recovery

No part of the tuna which enters the processing plant is regarded
as waste by the industry. Stickwater, the non-edible portions,
and the aforementioned red meat are all collected and further
processed into other products. Red meat, although also a by-
product, is discussed separately from this section because of the
similarities and shared processes with the production of tuna for
human consumption.

Fish Meal Reduction

All of the scrap removed to obtain the edible portions of tuna,
the spilled scrap and meat cleaned up before washdown, and solids
screened from the waste water are collected and transported to
the reduction plant for further processing.

The waste solids are ground, cooked, and then pressed to remove
valuable juices and o0ils before the resulting "press cake" is
dried by one of several methods. Depending upon the specific
process, small amounts of wastes are entrained in the various
water flows, e.g., steam condensate, barometric leg waters, air
scrubber waters, associated with drying. The resulting fish meal
is bagged and marketed for many different uses, including
fertilizer and animal feed additives.

The Jjuices and o0ils collected from the pressing of the cooked
solids, termed the press liquor, are pumped to the solubles plant
which concentrates this liquor along with the stickwater, and
also in many cases a slurry of ground viscera. The usual method
is to heat the liquid with steam in the presence of a vacuum
produced by a barometric leg. The solubles after concentration
by 2 to 4 phases or "effects," are drained off for <tuna o0il
removal or marketed as an animal feed additive and other uses.
Wastes become entrained in the steam and aspirator waters of this
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process. Further information may be obtained from the literature
regarding fishery by-product recovery.

e s e s S i S i s AP

Consideration of the tuna industry as a subcategory of the sea-
food industry was provisionally segregated prior to sampling
because of the homogeniety in the tuna processing methods, ex-
tensive by-product recovery, and +the magnitude of production.
This segregation was substantiated by the data and information
obtained and subsequent comparison to the other subcategories.
Figures 26, 27, and 28 are plots of all tuna flow, BOD5, and
suspended solids data (respectively) gathered in this study.

Although widely distributed, the tuna processors utilize a common
technology for +the production of canned tuna and various by-
products. The waste characteristics of this common technology

does show geographic variation which, although obvious
internally, does not justify further subcategorization of the
tuna industry. This wvariation is due to operational inconsis-

tencies which could be easily corrected to minimize differences
and thus justify a common waste treatment technology amenable to
all plants.
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Figure 26
Tuna production rates and flow ratios
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Figure 27
Tuna production rates and BOD5 ratios
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Tuna production rates and suspended solids ratios
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SECTION V

WASTE CHARACTERIZATION

Introduction
A major effort in this study involved actual field

characterization of the waste waters emanating from processing
plants in each of the subcategories. This was necessary because
a previously-completed 1literature review and interview program
concluded that very little knowledge of the character and volume
of canned and preserved seafood processing waste waters was
available (Soderquist, et al., 1970).

The waste characteristics for the seafood processing industry
were identified wusing a combination of judgment and statistical
sampling methods. A preliminary stratification was first
developed to define subcategories which were considered likely to
be relatively homogeneous from the standpoint of the application
of control and treatment standards. The processing plants in
each subcategory were then treated as separate populations in
terms of sample means and standard deviations for several
important waste parameters.

In cases where the processing plants in a subcategory were
located over a relatively wide area, consultations . with
knowledgeable industrial and university people were held and
plants were identified which were considered to be typical of the
whole group. Where the plants tended to be in groups, "cluster
sampling" was utilized as the basis for the sample design.

Temporal averages of the desired parameters were obtained from
the combined effluent streams and, when possible, from the most
significant unit operations. The +temporal averages from each
process were then averaged to obtain a combined time and space
representation for each subcategory. The spatial range and
standard deviation of the temporal averages were then inspected
to verify the adequacy of the preliminary subcategorization.

Where the sample coefficient of wvariation appeared to be
relatively large for some of the parameters, the individual
process data were reviewed to determine if a further breakdown of
the subcategory should be undertaken. In general, variations
could be traced to differences in unit operations between
processes. pPost-stratification was then employed and the more
typical processing operations separated from the exceptions; or
processors with the more similar operations were averaged
together to obtain strata which were more internally uniform. 1In
most cases it was decided that +the creation of additional
subcategories was not warranted. The averages for these "“sub-
subcategories" are included in this section to assist the reader
in understanding the sources of variation.
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Where the averages of different preliminary subcategories were
similar, and review of the other pertinent subcategorization
variables warranted the decision, all +the plants in these
subcategories were combined to obtain averages for more general
subcategories.

Sampling Program Design

The preliminary subcategorization of the industry was developed
through review of all significant literature, consultation with
industry groups, related governmental represenatives and
recognized experts in the areas of fish processing, and waste
treatment and control, based on the factors discussed in Section
IV. The processing plants in each subcategory were then handled
as objects of separate universes.

Based on previous experience in examining wastes from the seafood
processing industry, the parameters considered to be most
important from the standpoint of waste control and treatment
were: fiow, settleable solids, screened solids, suspended
solids, 5 and 20 day BOD, COD, grease and oil, organic nitrogen,
ammonia, pH, raw material 1input rate, and food and by-product
recovery.

Most of the processing plants in each subcategory were then
identified by +the respective trade organizations. Where the
processing plants in a subcategory tended to be grouped together
in certain geographical areas, the method of cluster sampling was
adopted as being the most efficient in terms of information
gained per unit cost. Cluster sampling is optimal in terms of
reducing the sampling error when a collection of plants is
grouped, such that the groups tend to be alike, while showing
heterogenity within the group. This constrasts with "“stratified
sampling," where the collection of plants is grouped such that
they tend to be homogeneous witin groups and heterogeneous
between.

Cluster sampling is a natural choice in this industry because of
a common organizational structure, while the variability within a
group (or cluster) is often high as a result of plant age,
processing level, management flexibility, and so on. In some
cases, however, neighboring plants may be more alike than plants
further apart, contrary to the principle that cluster sampling
reduces error when clusters are more heterogeneous within than
without; however, the cluster sampling method is still often the
most efficient (and the only practical method). The primary
criterion used to select the clusters was whether +the cluster
appeared to be a scaled-down version of the entire industry in
the subcategory. This is contrary to the principle that clusters
be selected by simple random sampling; however, it utilized prior
knowledge of the industry to better advantage and presented the
opportunity for valuable judgmental inputs.
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An attempt was made to completely enumerate all the plants in
each cluster; however, this was modified by factors such as raw
material availability and accessibility to plant effluents. 1In
some cases there was insufficient raw material to keep all plants
operating during the monitoring period.

Individual_ Plant Sampling

Time-averaged estimates of the important parameters were obtained
by sampling the total effluent, and in most cases significant
unit operation contributions, over a period lasting from several
days to several weeks for each plant selected. In most cases the
effluent was being discharged at more than one point; therefore,
each point was sampled and flow-proportioned to obtain a sample
which would represent the total effluent.

Immediately after sampling, each aliquot was passed through a
standard 20-mesh Tyler screen prior to adding it to the
composite. This serves to remove the 1larger solids particles
(such as crab 1legs, some shrimp shell, fish parts, etc.) and
thereby greatly reduce the resultant "scatter" of the data
points. The method 1is especially valuable when one is dealing
with a limited number of samples and the development of a precise
base~line value for each parameter is the goal. The alternatives
to this approach were essentially three-fold:

1 t0 use a larger mesh size;
2) to blend or grind the samples; and
3) to leave all solids intact and in the sample.

A larger mesh size would have been less defensible than 20-mesh
since the latter represented the minimum mesh expected to be
encountered in the final treatment designs. To grind the samples
would have led to unrealistically high values for some parameters
such as BOD and grease, because these values are surface-area
dependent. Blending a food processing waste sample can increase
its BOD by up to 1000 percent (Soderquist, et al, 1972a). Since
the values obtained through this method (especially those for
BOD--the single most important parameter in the guidelines) would
be unrealistically high and would not relate to actual receiving-
water conditions, this choice was rejected. As discussed above,
the third alternative was not adopted because it would introduce
unacceptable scatter into the results and throw into serious
question the validity of the parameter averages obtained.

Although it was recognized that laboratory screening efficiencies
would 1likely be significantly higher +than full-scale field
screening efficiencies (for the same mesh), smaller mesh sizes
could be used 1in full-scale application to achieve the same
results.

Adoption of the 20-mesh screening method provided accurate,
reliable base-line data for each parameter in each subcategory
for screened waste water, thereby permitting confident design of
subsequent treatment components.
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Screening of the fresh sample rather than the composited one
minimized leaching from the solids, which would not normally be a
contributor if the waste waters were routinely screened prior to
discharge.

For estimates of removal efficiencies for the design and cost
estimates, the 1literature was consulted to establish the
relationship between screened and unscreened BOD5 for each
subcategory. This factor was applied in full recognition of the
inherent inaccuracies associated with the "unscreened" value.

The flow rates, concentrations and production rates can be
studied from the viewpoint of time-series analysis. An estimate
of the +true time average over an infinite interval can be
obtained by taking the +time average over a finite interval.
Problems arise when the +time series statistics are not
independent of a time translation (time series is nonstationary).
Typical causes are daily and seasonal periodicities. This can be
obviated satisfactorily in many cases by considering the time
series to be periodically stationary, since samples taken at
intervals of the periodicity may be approximately stationary.
The time average can be determined by considering the time
functions in each period to be transient pulses, each with a
beginning and end in the period; and then averaging the sample
mean for each period over a number of periods.

Daily periodicities were handled in the manner described above;
however, the monitoring interval was too short to include even
one seasonal period. This problem was handled by considering the
fact that most processing plants operate at a peak rate while the
raw material supply lasts and then terminate the work shift. An
increasing amount of raw product would then increase the length
or number of shifts. A ratio of waste 1locad to weight of raw
material could@ then be estimated independently of the amount of
raw material or shift 1length at the time of monitoring.
Information on seasonal variation in raw material landings which
is available from other sources can then be translated into waste
load variation.

Estimates of the averages for each day were obtained by taking a
number of samples during the day and then mixing volumes of all
the samples together in proportion to the flow at the time each
sample was taken. In the 1limit this is the same as taking a
sample from the total volume of effluent produced during the day.
Since mixing is approximately a linear operation for most of the
parameters, a laboratory analysis of the one composite sample
gives about the same results as taking the average of a series of
separate analyses of individual samples.

The number of samples taken during the day was dependent on the
variability of +the waste 1load. For cases where the flow and
concentration were judged to be relatively constant only a few
samples were taken. When the flow was intermittent, but rather
constant in vwvolume and concentration a random sampling of
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intermittent flows was made and the number of times the flow
occurred noted so an estimate of the total waste load from that
source could be developed. Sampling effort was concentrated at
points where the flows and concentrations were judged to be the
most variable and significant to the study.

Data Reduction

The raw waste concentrations and loading per unit of raw product
were estimated for each plant using the following methodology.

The time-averaged flow rate was estimated for each plant (where
plant refers to an individual process at an individual plant) by
expressing the flow rate for each day in terms of an eight hour
day and then taking an unweighted average. The average
production time per day was determined for each process; however,
the eight hour day was used to present the water and product flow
rates for each subcategory in a uniform manner.

An estimate of the ratio of each parameter, except pH, in terms
of weight or volume per unit weight of raw material was obtained
using the mean of the ratio's estimator. The ratio of the
parameter to production volume based on an eight hour day was
calculated for each day and an average of these ratios was
determined over all days. The range shown on the tables is the
lowest and highest daily ratio. The weight to weight ratios were
expressed in terms of kgs/kkg, which is -equivalent to 1 1b/1000
1bs.

The parameter concentrations were expressed in terms of the ratio
of the 1load per unit of raw material to the flow per unit
production. This weights the concentration obtained from
individual daily samples according to the daily flow and
production volumes. The ranges shown on the tables are the
unweighted daily low and high concentrations obtained.

When the parameter time averages were obtained for each plant,
all the plants in a subcategory were averaged together wusing
equal weights to obtain a composite time-space representation.

A waste water material balance was determined by averaging the
flows from each unit operation in a manner similar to that
described for the total. The resulting average and range were
expressed as percents of +the total average flow. The waste
characteristics of the flow from each operation were tabularized
when data were available, or described qualitatively from on-site
observations.

Raw product material balances were determined by obtaining food
and by-product production figures when possible and results were
expressed as percents of raw material input. The waste
percentages shown are the differences between the raw material
inputs and the finished product outputs.
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The farm-raised catfish processing industry 1is relatively new
(many plants are 1less than 5 years old) and employs similar
techniques. This was essentially substantiated by analysis of
the waste loading data. One variation was the large difference
in waste water production depending on whether the fish were
delivered in live haul trucks, on ice, or dry.

The samples on which +this study is based were taken at five
processing plants during April, May and June of 1973. Those
months are some of the poorer production months in the industry.
Because the peak production season does not come until 1late
summer and fall, mostly small fish were being processed and the
additional amount of time required to process smaller fish held
the production volume down. The major complication was the
severe flooding throughout much of the Mississippi Delta, which
hindered or prevented harvesting of the fish, along with other
normal industry operations.

There was some difficulty in obtaining samples of the total
effluent since the waste water sources of the processes sampled
were quite diverse and often had several exits from +the plant.
This was wusually the case where older buildings designed for
other purposes had been converted to catfish processing plants.

Wastewater Sources and_Flows

Depending on the location of the particular plant, a well or city
water system supplied the raw water and a city sewer system or
local stream were called upon to receive the final effluent.
Figure 5 shows a typical catifsh process flow diagram, and Table
16 gives a breakdown of the flow sources. The three main flows
formed the effluent and its constituent waste loads. The average
waste water flow from the process plants sampled was 116 cu m/day
(0.031 mgd) with a moderately large variation of about plus or
minus 50 percent due mainly to holding tank and cleaning
differences as mentioned. The flow from the 1live holding tank
area produced the largest volume of water (59 percent) and
contained +the 1least waste. Conversely, the cleanup flows
contributed a relatively small volume of water (7.5 percent), but
contained the highest waste concentrations. The processing flows
were the third factor and they contributed a medium volume of
water with a medium to heavy waste concentration.

Water reuse was limited to +the holding tank and was not a
universal practice. Plant 4 retained water in holding tanks for
a week or more with an overflow of roughly 0.2 1l/sec (3 gpm) from
each tank, and as a partial consequence, had one of +the <the
lowest total daily flows. Plant 2 had to drain each holding tank
completely each time fish were removed from it because of the
tank and plant design. Plant 2 had the highest total water usage
with over two times the flow of Plant 4, The other plants reused
holding tank water in varying degrees.
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Table 16. Catfish process material balance.

Wastewater Material Balance Summary

Average Flow, 116 cu m/day (0.0306 mgd)

Unit Operation $ of Average Flow Range, %
a) live holding tanks 59 55 - 64
b) butchering (be-heading,

eviscerating) - - - =
c) skinning 4 2 - 17
d) cleaning 14 9 - 18
e) packing (incl. sorting) 3 l1- 5
f) clean-up 7 5- 9
g) washdown flows 13 9 - 16

Product Material Balance Summary

Average Raw Product Input Rate, 5.19 kkg/day (5.72 tons/day)

Output $ of Raw Product Range, %
Food Product 63 _— - -
By-product 27 0 - 32
Waste 10 5 - 37
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Table 17. Catfish process summary (5 plants)

Parameter Mean Range
Flow Rate, cu m/day 116 79 - 170

(mgd) (0. 0306) (0.021 - 0. 045)
Flow Ratio, 1l/kkg 23, 000 15, 800 - 31, 500

(gal/ton) (5510) (3780 - 7550)
Settleable Solids, ml/1 7.8 -- - -
Settleable Solids Ratio, 1l/kkg 180 1 - 650
Screened Solids, mg/l 140 -- - --
Screened Solids Ratio, kg/kkg 3.2 .5 - 3.9
Suspended Solids, mg/l 400 - - -
Suspended Solids Ratio, kg/kkg 9.2 .8 - 12
5 day BOD, mg/l 340 -- - --
5 day BOD Ratio, kg/kkg 7.9 5.5 - 9.2
20 day BOD, mg/1l -- - - -
20 day BOD Ratio, kg/kkg -- -- - --
CoD, mg/1 700 -- - --
COD Ratio, kg/kkg 16 10 - 19
Grease and 0il, mg/1l 200 -- - -
Grease and 0il Ratio, kg/kkg 4.5 3.8 - 5.6
Organic Nitrogen, mg/1 27 -- - -
Organic Nitrogen Ratio, kg/kkg 0. 62 0.51 - 0.75
Ammonia-N, mg/1l 0.96 -- - --
Ammonia~N Ratio, kg/kkg 0. 022 0. 0045 - 0. 045
pH 6.3 5.8 - 7.0

100



Holding tank flows ran into the tanks from stationary faucets and
when the tanks were full the flow drained through standpipe
drains. Clean-up flows came almost exclusively from hoses but
processing flows were quite diverse in origin. Processing flows
came from skinning machines, washers, chill tanks, the packing
area, and eviscerating tables and included water used to flume
solids out of the processing area.

The by-product solids were removed from the processing area in
two ways. They were "dry-captured" in baskets or tubs and
removed by that means or flumed to a screening and collection
point. All of the plants sampled used the same type of skinning
machine, which was designed to operate with a small flow of
water. The skins were washed out of the machine; there is no way
to effect dry capture of the skins, short of redesigning the
equipment.

While the holding tank flow waste was mainly made up of feces,
slime, and regurgitated organic matter, the processing and clean-
up wastes were made up of blood, fats, small chunks of skin and
viscera, and other body fluids or components. A high waste load
came from the tanks where the fish were washed, and from the
chill tanks. There was no way to "dry-capture" this waste which
was composed of blood, fats, and some particulate organic
materials.

Product Flow

Table 16 shows the average breakdown of the raw material into
food product, by-products and waste. The percent recovered for
food depends on the size of the fish and to a slight degree
whether manual or mechanical skinning is used. The average is
about 63 percent. Some plants in rural areas dump or bury the
waste solids; however, most save the solids and ship them to a
rendering plant.

The average production rate is about 5.2 kkgs/day (5.7 tons/day)
with a range from 3 to 7 kkgs/day. The average shift 1length is
about 8 hours but 1is quite variable in some plants due to raw
material supply.

Raw_Waste Loadings

Table 17 gives the combined average flow and loadings. Tables 18
through 22 1list the flows and 1loadings for each of the five
processing operations sampled. The average BOD loading was 7.9
kg/kkg with a range from 5.5 to 9.2 kg/kkg. The average BOD
concentration was 350 mg/1l.

In developing the Catfish Process Summary, Table 17, the flow

data from Plant 2 was omitted. The excessive water use of 31,500
1/kkg was due to draining the holding tank completely each time
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Table 18. Catfish process (plant 1).

Parameter Mean Range
Flow Rate, cu m/day 148 136 - 155

(mgd) (0. 039) (0. 036 - 0. 041
Flow Ratio, 1l/kkg 20,900 18, 400 - 24,500

(gal/ton) (5020) (4400 - 5880)
Settleable Solids, ml/1 1.2 - - --
Settleable Solids Ratio, 1l/kkg 25 6.6 - 44
Screened Solids, mg/l -- -- - --
Screened Solids Ratio, kg/kkg - -- - -
Suspended Solids, mg/1l 530 -- - --
Suspended Solids Ratio, kg/kkg 11 6.1 - 16
5 day BOD, mg/1l 440 - - -
5 day BOD Ratio, kg/kkg 9.2 3.7 - 13
20 day BOD, mg/1l - -- - -
20 day BOD Ratio, kg/kkg - .- - -
CcoD, mg/1 860 -- - --
COD Ratio, kg/kkg 18 11 - 23
Grease and 0il, mg/l 270 - - -
Grease and 0il Ratio, kg/kkg 5.6 3.5 - 7.8
Organic Nitrogen, mg/l 36 -- - --
Organic Nitrogen Ratio, kg/kkg 0.75 0.32 - 1.1
Ammonia-N, mg/l 2.2 -- - --
Ammonia-N Ratio, kg/kkg 0. 045 0. 0046 - 0. 095
pPH 5.9 5.5 - 6.3

3 samples
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Table 19. Catfish process (plant 2).
Parameter Mean Range
Flow Rate, cu m/day 170 102 - 204
(mgd) (0. 045) (0.027 - 0. 054)

Flow Ratio, 1l/kkg 31, 500 24, 400 - 37,000

(gal/ton) (7550) (5860 - 8860)
Settleable Solids, ml/1 0.4 -- - -
Settleable Solids Ratio, 1l/kkg 14 11 - 17
Screened Solids, mg/l 120 - - -
Screened Solids Ratio, kg/kkg 3.9 3.2 - 4.6
Suspended Solids, mg/l 270 - - -
Suspended Solids Ratio, kg/kkg 8.5 6.4 - 10
5 day BOD, mg/1l 230 - - -
5 day BOD Ratio, kg/kkg 7.2 6.3 - 7.9
20 day BOD, mg/1l -- - - -
20 day BOD Ratio, kg/kkg - - - -
COD, mg/1 540 -- - -
Grease and 0il, mg/1 120 -- - -
Grease and 0il Ratio, kg/kkg 3.9 2.7 - 4.3
Organic Nitrogen, mg/l 20 -- - -
Organic Nitrogen Ratio, kg/kkg 0. 64 0.48 - 0.73
Ammonia-N, mg/1l 0. 51 - - -
Ammonia-N Ratio, kg/kkg 0.016 0.014 - 0.018
pH 7.0 6.8 - 7.2
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Table 20. Catfish process (vlant 3).

Parameter Mean Range

Flow Rate, cu m/day 79 64 - 95

(mgd) (0. 021) (0.017 - 0. 025)
Flow Ratio, 1l/kkg 15, 800 10,200 -17,200

(gal/ton) (3780) (2450 - 4120)
Settleable Solids, ml/1 0. 45 -- - -
Settleable Solids Ratio, 1/kkg 7.1 6.3 - 13
Screened Solids, mg/l - - - -
Screened Solids Ratio, kg/kkg - __ _ .
Suspended Solids, mg/1l 430 -- - -
Suspended Solids Ratio, kg/kkg 6.8 5.2 - 7.9
5 day BOD, mg/l 570 -- - -
5 day BOD Ratio, kg/kkg 9.0 23 . 10
20 day BOD, mg/1l -- - - -
20 day BOD Ratio, kg/kkg . - - -
CoD, mg/1 1200 -- - --
COD Ratio, kg/kkg 19 14 - 20
Grease and 0il, mg/1 260 -- - -
Grease and 0il Ratio, kg/kkg 4.1 2.2 - 6.0
Organic Nitrogen, mg/1l 42 - - -
Organic Nitrogen Ratio, kg/kkg 0. 66 0.35 - 0. 83
Ammonia-N, mg/l 0.28 - - -
Ammonia-N Ratio, kg/kkg 0. 0045 0.002 - 0. 005
pH 5.8 5.2 - 6.3
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Table 21, Catfish process (plant 4).

Parameter Mean Range
Flow Rate, cu m/day 80 76 - 85
(mgd) (0.0212) (0.0201 - 0. 0225)

Flow Ratio, 1l/kkg 26,300 23,400 - 28,400

(gal/ton) (6310) (5610 - 6810)
Settleable Solids, ml/1 25 -
Settleable Solids Ratio, 1l/kkg 650 640 i 6;6
Screened Solids, mg/1l - - - -
Screened Solids Ratio, kg/kkg . . _
Suspended Solids, mg/1 290 -
Suspended Solids Ratio, kg/kkg 7.5 0 ] -é 9
5 day BOD, mg/1l 210 -
5 day BOD Ratio, kg/kkg 5 5 3 ) -g 9
20 day BOD, mg/1l - -
20 day BOD Ratio, kg/kkg - i i -
COD, mg/l 380 --
COD Ratio, kg/kkg 10 7 ] ;;
Grease and 0il, mg/1l 140 - - -
Grease and 0il Ratio, kg/kkg 3.8 9 - 4.6
Organic Nitrogen, mg/1l 20 - -
Organic Nitrogen Ratio, kg/kkg 0.53 0. 42 -6 80
Ammonia~N, mg/1l 0. 53
Ammonia~N Ratio, kg/kkg 0'014 _é 0085: _é 020

pH
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Table 22, Catfish process (plant 5).

Parameter Mean Range

Flow Rate, cu m/day 102 68 - 125

(mgd) (0.027) (0.018 - 0. 033)
Flow Ratio, 1l/kkg 20,500 12,100 - 28, 000

(gal/ton) (4910) (2900 - 6720)
Settleable Solids, ml/1l 9.3 -- - -
Settleable Solids Ratio, 1l/kkg 190 170 _ 230
Screened Solids, mg/1l 120 - - -
Screened Solids Ratio, kg/kkg 2.5 2.1 - 3.2
Suspended Solids, mg/l 580 - - -
Suspended Solids Ratio, kg/kkg 12 5.1 - 18
5 day BOD, mg/l 410 - - -
5 day BOD Ratio, kg/kkg 8.4 - - -
20 day BOD, mg/1l - - - --
20 day BOD Ratio, kg/kkg - - - -
COD, mg/l 730 -- - --
Grease and 0il, mg/l . 260 - - -
Grease and 0il Ratio, kg/kkg 5.3 3.2 - 8.6
Organic Nitrogen, mg/1l 25 - - -
Organic Nitrogen Ratio, kg/kkg 0. 51 -- - -
Ammonia-N, mg/1l 1.5 - - -
Ammonia-N Ratio, kg/kkg 0. 031 - - -
pH 6.6 6.5 - 6.7

8 samples
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the fish were removed. Common practice in the industry includes
holding tank water recycle with constant runoff and intermittent
drainage.

CONVENTIONAL BLUE_CRAB (Subcategory B)

Based on preliminary observations of blue crab processing opera-
tions it became rather obvious that this part of the industry
should be divided into two subcategories depending on the use of
hand or machine picking. Subsequent analysis of waste loading
data confirmed this judgment. The only exception to the two
categories was perhaps the modern, high volume, mechanized plants
which contribute a relatively higher waste load per unit of raw
material. Much of +this would be avoidable, however, through
concerted in-plant water use reduction.

The conventional process using manual picking was considered to

be relatively uniform; therefore, only two processing operations
were selected for sampling.

Wastewater Sources and Flows

All the plants sampled used domestic water supplies. The con-
ventional process shown in Figure 12 produced a small amount of
waste water, averaging only 2.52 cu m/day (660 gal/day). Table
23 gives a breakdown of the flow from each unit operation as a
percent of the total. The majority of the flow (60 percent) was
cooling water from continuous ice making operations, but
contributed negligible organic waste loads. The washdown was an
intermittent source which contributed an average of 23 percent of
the total flow, but also contributed only a small waste load.
The cooker flow averaged 17 percent and contributed the greatest
load to the waste water streams.

Product Flow

The proportion of the raw material going into food products, by-
products and waste is given on Table 23. About 14 percent of the
crab is utilized for food (Soderquist, 1970). Up to 80 percent
could be captured for by-products, which would leave about 6
percent entering the waste water flow.

The maximum conventional rate is about 500 kg/hr (1100 1lbs/hr).
The average production rate was about two-thirds of the maximum.
During a day's operation the processing is continuous; however,
the length of the shift and the number of days the plants operate
is intermittent due to fluctuations in the raw material supply.
The average processing time was 7.2 hrss/day for the conventional
plant.
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Table 23. Conventional

blue crab process material

balance.

Wastewater

Material Balance Summary

Average Flow, 2.52 cu

Unit Operation

a) washdown
b) cook
c) ice

m/day (0.000665 mgd)

% of Average Flow

23
17
60

Product Material Balance Summary

Range, %

17 - 26
13 - 21

Average Raw Product Input Rate, 2.59 kkg/day (2.85 tons/day)

Output

Food product
By~product
Waste

% of Raw Product Range, %
14 9 - 16

80 79 - 86

6 _— = .-
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Conventional blue crab process summary (2 plants).

Table 24.
Parameter Mean Range
Flow Rate, cu m/day 2.52 2.38 - 2.65
| (mgd) (0.000665) (0. 00063 - 0. 00070)

Flow Ratio, 1l/kkg 1190 1060 - 1310

(gal/ton) (285) (255 - 315)
Settleable Solids, ml/1 4.4 - - .
Settleable Solids Ratio, 1l/kkg 5.2 4.3 6.2
Screened Solids, mg/1l - -- - -
Screened Solids Ratio, kg/kkg . - _ __
Suspended Solids, mg/1l 620 - - -
Suspended Solids Ratio, kg/kkg 0. 74 0.7 _ 0.178
5 day BOD, mg/l 4400 - - -
5 day BOD Ratio, kg/kkg 5.2 4.8 - 5 5
20 day BOD, mg/1l . -
20 day BOD Ratio, kg/kkg N - ) o
CoD, mg/1 6300 -- -
COD Ratio, kg/kkg 7 5 7 2 _ 28
Grease and 0il, mg/l 220 -- - -
Grease and 0il Ratio, kg/kkg 0.26 0.21 _ 0. 30
Organic Nitrogen, mg/l 760 - _
Organic Nitrogen Ratio, kg/kkg 0.90 0. 80 _ -; 0
Ammonia~-N, mg/1l 50 -- - -
Ammonia-N Ratio, kg/kkg 0. 06 - _ _
pH 7.5 7.2 - 7.9
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Table 25. Conventional blue crab process (plant 1).

Parameter Mean Range

Flow Rate, cu m/day 2.65 2.50 - 6.43

(mgd) (0. 00070) (0. 00066 - 0. 001"
Flow Ratio, 1l/kkg 1310 1140 - 1520

(gal/ton) (315) (273 - 364)
Settleable Solids, ml/1l 3.3 - - -
Settleable Solids Ratio, l/kkg 4.3 1.8 - 6.8
Screened Solids, mg/1l -- -- - --
Screened Solids Ratio, kg/kkg - -- - --
Suspended Solids, mg/l 600 -- - .-
Suspended Solids Ratio, kg/kkg 0. 78 0.2 - 1.5
5 day BOD, mg/l 3600 -- - -
5 day BOD Ratio, kg/kkg 4.8 4.7 . 5.0
20 day BOD, mg/l - _—- - -
20 day BOD Ratio, kg/kkg .
CoD, mg/1 5500 -- - --
COD Ratio, kg/kkg 7.2 6.8 - 7.8
Grease and 0il, mg/l 230 -- - -
Grease and Oil Ratio, kg/kkg 0. 30 0.24 - 0.37
Organic Nitrogen, mg/1l 610 -- - --
Organic Nitrogen Ratio, kg/kkg 0.80 0.66 - 1.0
Ammonia-N, mg/1l 46 - - —
Ammonia-N Ratio, kg/kkg 0. 06 0. 05 . 0. 08
pH 7.9 -- - --

9 samples
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Table 26. Conventional blue crab process (plant 2).

Parameter Mean Range
Flow Rate, cu m/day 2.38 2.2 - 2.8
(mgd) (0. 00063) (0.00058 - 0. 00073)

Flow Ratio, 1/kkg 1060 972 - 1270

(gal/ton) (255) (233 - 304)
Settleable Solids, ml/1 5.8 - - -
Settleable Solids Ratio, 1l/kkg 6.2 0 - 28
Screened Solids, mg/l - - - -
Screened Solids Ratio, kg/kkg . . _ .
Suspended Solids, mg/l 660 - - -
Suspended Solids Ratio, kg/kkg 0.7 0.2 - 2
5 day BOD, mg/1l 5200 - - -
5 day BOD Ratio, kg/kkg 5.5 3 5 . 0
20 day BOD, mg/1l - - - -
20 day BOD Ratio, kg/kkg __ . _ .
CoD, mg/1 7400 -- - --
Grease and 0il, mg/l 200 - - -
Grease and 0il Ratio, kg/kkg 0.21 0. 14 - 0. 36
Organic Nitrogen, mg/1l 940 - - _-
Organic Nitrogen Ratio, kg/kkg 1.0 0. 55 . 1.2
Ammonia-N, mg/l 57 - -
Ammonia-N Ratio, kg/kkg 0. 06 0. 04 . -é 07
pH 7.2 6.1 - 7.8

1

9 samples



Raw_Waste Ioadings

Table 24 gives the combined average conventional flows and
loadings and Tables 25 and 26 list the average flows and loadings
for each parameter for each of the two conventional processes
sampled.

The waste loadings from the two conventional processes were quite
similar. The flow ratio ranged from 1060 to 1315 1l/kkg (255 to
315 gals/ton). The BOD ranged from 4.8 to 5.5 kgs/kkg and the COD
ranged from 7.2 to 7.8 kg/kkg.

The mechanized blue crab process using the claw picking machine
had greater variability than the conventional process; ranging
from an essentially conventional operation with a mechanical
picker used intermittently for the claws, +to modern facilities
employing several mechanical pickers and a pastuerization
operation to give longer product shelf life. A relatively poor
harvest and time 1limitations, however, permitted only two
mechanized processes to be sampled. This was a significant
sample of the industry, however, because less than ten plants
fall into the subcategory.

Conventional plants which employed mechanical claw pickers on an
intermittent basis and were considered to be mechanized plants.

Wastewater Sources and_ Flow

The mechanized process shown in Figure 13 produced considerably
more waste water than the conventional processes. The average
flow was about 178 cu m/day (0.047 mgd), with the mechanical
picker contributing about 90 percent of +the volume. Table 27
gives a breakdown of the flow from each operation. The cooking
water, which had a high organic concentration, was diluted con-
siderably by the water from the mechanical picker. The mechani-
cal operation also produced brine wastes from the flotation tanks
and from the subsequent meat washing. The brine tanks averaged
about 1040 1liter (275 gal) and were dumped once a shift. The
concentrations of sodium chloride were very high, being about
100,000 to 200,000 mg/1 (as chloride).

Product_ Flow

The proportion of +the raw material going into food products,
by-products and waste is given in Table 27. About 14 percent of
the crab 1is utilized for food (Soderquist, 1970). Up to 80
percent could be captured for byproducts, which would leave about
6 percent entering the waste water flow.
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Table 27. Mechanized blue crab process material balance.

Wastewater Material Balance Summary

Average Flow, 176 cu m/day (0.0465 mgd)

Unit Operation $ of Average Flow Range, %
a) machine picking 90.5 _—— -
b) brine tank 0.5 - -
¢) washdown 7.7 - -
d) cook 0.2 - -
e) ice making 1.1 -- -

Product Material Balance Summary

Average Raw Product Input Rate, 4.8 kkg/day (5.3 tons/day)

Output % of Raw Product Range, %
Food Product 14 9 - 16
By-product 80 79 - 86

Waste 6 - - ==
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Table 28. Mechanized blue crab process summary (2 plants).

Parameter Mean Range

Flow Rate, cu m/day 176 76 - 276

(mgd) (0. 0465) (0. 020 - 0. 07:
Flow Ratio, l/kkg 36, 800 29, 000 - 44, 600

(gal/ton) (8830) (6960 - 10, 700)
Settleable Solids, ml/1 2.6 - - -=
Settleable Solids Ratio, 1l/kkg 94 77 - 110
Screened Solids, mg/1l -- -- - --
Screened Solids Ratio, kg/kkg -- - - -
Suspended Solids, mg/l 330 - - --
Suspended Solids Ratio, kg/kkg 12 . - .
5 day BOD, mg/l 600 -- - -
5 day BOD Ratio, kg/kkg 22 22 _ 23
20 day BOD, mg/1l -- -- - --
20 day BOD Ratio, kg/kkg -- -- - --
CoD, mg/1 980 -- - -
COD Ratio, kg/kkg 36 29 - 42
Grease and 0il, mg/l , 150 - - -
Grease and 0Oil Ratio, kg/kkg 5.6 4.3 - .9
Organic Nitrogen, mg/l 98 -- - -
Organic Nitrogen Ratio, kg/kkg 3.6 2.7 - .4
Ammonia-N, mg/l 5.4 - - -
Ammonia-N Ratio, kg/kkg 0.20 0.16 - 0.24
PH 7.0 6.9 - 7.2
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The maximum mechanized production rate is about 1.8 kkg/hr (2
tons/hr) on a raw material basis. The average production rate
was about two-thirds of the maximum. During a day's operation
the processing is continuous; however, the length of the shift
and the number of days the plants operate is intermittent due to
fluctuations in the raw material supply. The average processing
time was 4.1 hrs/day for the mechanized plant, on operating days.

Table 28 gives the combined mechanized plant averages, and Tables
29 and 3C list the average flows and loadings for each of the two
mechanized processes sampled.

The concentration of all the parameters were much higher for the
conventional than the mechanized processes. For example, the
average BODS concentration from the conventional plants was 4410
mgs/1l and only 650 mgs/l from the mechanized plants. However, this
was due to the much greater water use in the mechanized process,
which diluted the waste. The volume of water used per unit of
raw material was about 30 times greater in the mechanized than
the conventional process. The waste 1loads per unit of raw
material were, therefore, much 1lower for the conventional
process. For example, the average BODS ratio from the conven-
tional process was 5.2 kgs/kkg, compared to 22.7 kg/kkg from the
mechanized process.

The waste loading from the two mechanized processes were more
variable than the conventional processes. The flow ratio ranged
from 29,000 to 44,900 1/kkg (6960 to 10,760 gal/ton), and the COD
ratio ranged from 29 to 42 kgskkg. The reason for the larger
variation was that one process, (Table 30) was a modern, high
production operation, utilizing water in many subprocesses while
the other was a more typical older facility.

ALASKA_CRAB

The waste characteristics of +the Alaska crab industry were
monitored during a period from March through June 1973. The
monitoring team attempted to sample each of the three crab
species (king, Dungeness and tanner) processed in Alaska.
However, the investigation was 1limited to mostly tanner crab
because of seasonality and availability of raw product.

Plants were selected for sampling primarily on the basis of raw
material availability, finished product form and accessibility of
waste discharge points. Sampling efforts were centered around
the three primary forms of finished product: canned meat, <frozen
meat, and frozen sections. Each plant marketing a given product
uses the same basic wunit operations with small process
variations. King and tanner crab data were combined because the
same equipment is used to process each and the waste strengths
were found to be similar.
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Table 29, Mechanized

blue crab process (plant 3).

Parameter Mean Range

Flow Rate, cu m/day 76 19 - 178

(mgd) (0. 020) (0. 005 - 0. 047)
Flow Ratio, 1l/kkg 29, 000 9850 - 50,900

(gal/ton) (6960) (2360 -12,200)
Settleable Solids, ml/1l 2.6 - - -
Settleable Solids Ratio, 1l/kkg 77 33 - 124
Screened Solids, mg/l - - - -
Screened Solids Ratio, kg/kkg - - - -
Suspended Solids, mg/1l 410 -- - --
Suspended Solids Ratio, kg/kkg 12 3 16
5 day BOD, mg/1l 790 - - -
5 day BOD Ratio, kg/kkg 23 12 _ 32
20 day BOD, mg/1l -- -- - -
20 day BOD Ratio, kg/kkg - - - -
COD, mg/1 1400 -- - --
COD Ratio, kg/kkg 42 29 - 65
Grease and 0il, mg/1l 150 -- - --
Grease and 0il Ratio, kg/kkg 4.3 2.3 _ 8.5
Organic Nitrogen, mg/1l 150 - - -
Organic Nitrogen Ratio, kg/kkg 4.4 3.4 - 5.2
Ammonia-N, mg/1 8.3 - - --
Ammonia-N Ratio, kg/kkg 0.24 0.19 - 0.29
pH 6.9 6.1 - 7.8
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Table 30. Mechanized blue crab process (plant 4).

Parameter Mean Range
Flow Rate, cu m/day 276 273 - 284
(mgd) (0. 073) (0. 072 - 0. 075)
Flow Ratio, 1l/kkg 44, 600 36, 900 - 60, 500
(gal/ton) (10, 700) (8, 840 - 14, 500)
Settleable Solids, ml/1 2.5 .- - -
Settleable Solids Ratio, 1l/kkg 110 57 . 160

Screened Solids, mg/l - - - -
Screened Solids Ratio, kg/kkg

- - - - -

Suspended Solids, mg/1l 270 -- - -
Suspended Solids Ratio, kg/kkg 12 7.9 - 16
5 day BOD, mg/1 490 -- ~ --
5 day BOD Ratio, kg/kkg 22 14 : 27

20 day BOD, mg/1l -- .- - --
20 day BOD Ratio, kg/kkg - - - -

COD, mg/1 650 -- - --
COD Ratio, kg/kkg 29 12 - 51
Grease and 0il, mg/1l 150 -- - -
Grease and 0il Ratio, kg/kkg 6.9 3.6 - 7.9
Organic Nitrogen, mg/l 60 - - -
Organic Nitrogen Ratio, kg/kkg 2 7 2 2 3 6
Ammonia-N, mg/l 3.6 - - -
Ammonia~N Ratio, kg/kkg 0.16 0.13 - 0.22
pH 7.2 6.9 - 8.2

3 samples
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Each process sampled used a grinder to facilitate fluming of the
solid waste from the butchering and meat extraction operations.
It was obvious that this method increased the wastewater load, as
opposed to handling the solids in a "dry" manner. To
substantiate this, samples were taken with and without grinding.
Flow proportioned samples of the total effluent were taken
periodically during each sampling day. The individual samples
were combined with the appropriate quantity of batch and
intermittent flow wastes to approximate the average waste load
for that particular shift.

The samples were screened with a 20 mesh Tyler screen and the
screened solids weighed. The settleable solids and pH were
determined in the field. Three aliquots of the screened sample
were sent to the laboratory where the remaining parameters were
analyzed. The relative waste 1load was then determined by
relating the shift 1length and raw material weight to each
parameter.

Wastewater Sources_and Flow

Each of the plants sampled in Kodiak, Alaska uses city water for
processing and water volumes and flow rates were easily obtained
from water meter readings.

Plants outside of Kodiak use mostly salt water in processing
except for the cooking operation which uses local surface waters.

Figures 14 through 16 show the process flow diagrams for the
frozen and canned meat and section processes respectively. The
average total waste water flow and the breakdown per unit
operation 1is given in Table 31 for the section process, and in
Table 32 for +the combined frozen and canned meat processes
without wuse o0f +the grinder. This could be done since the
grinders only operated on an intermittent basis, as the solids in
the butcher area accumulated to a certain point.

The water used in the sections process (Table 31) was about 75
percent of that used in the frozen and canned meat process. Most
of the water came from the washing and cooling of the meat (60
percent) and contributed a medium amount of waste. The butcher
and cooking operations contributed a high strength waste but were
relatively low flows. The sorting, freezing and packing
operations contributed low flow and low-strength wastes. Most of
the water in the frozen and canned meat process (Table 32) came
from the meat extraction and cooling operations (57 percent) and
contributed a moderate strength waste, The butcher and cook
flows were high strength but low in volume. The pack, freeze and
retort operations contributed a low-strength waste which was
about 26 percent of the total volume,

Tables 33 and 34 show the water flow breakdown for +the sections
and combined frozen and canned meat processed when the grinder
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was operating to dispose of the carapaces, viscera and gills from
the butcher area. It can be seen that the water flow increased
about 50 percent for the sections process and 25 percent for the
frozen and canned meat processes. A typical grinder used 170-230
1/min (45-60 gal/min). Most plants processing sections used only
one grinder while almost all frozen and canned meat operations
used two.

Product_ Flow

Table 31 shows the estimated breakdown of the raw material into
food, by-product and waste. "Food" product recovery averaged
about 64 percent for the tanner crab sections process. The
amount of food product ranged from 10-20 percent for the frozen
and canned meat plants using tanner crab. The wide range was due
to two exceptional plants, one which discarded shoulder meat (a
practice since changed), thus 1lowering their food product
recovery and a second plant which employed a mechanical picker,
brine separator, and belt water screening system which increased
their recovery. The other three plants sampled were typical and
had recovery ranges of between 14 and 17 percent.

Recovery varies with age of the crab as well as species, Yield
from Xking crab varies from 25 to 36 percent (an exuviant weight)
depending on age (Powel and Nickerson, 1963). The recovery
increases until the crab reaches a certain age and then decreases
as it grows older. Recovery also decreases after molting. This
decrease in recovery means a greater percentage of the crab is
wasted.

By-product recovery is a new phase of the Alaska crab industry.
Tangential screens are presently being installed in regions with
solids disposal facilities. Unfortunately only one screen was in
operation while the field crew was in Kodiak and the monitoring
was completed before the screening operation was standardized.

The by-product recovery figures listed were estimated by adding
the settleable solids and suspended solids and then calculating
the by-product as the difference between 100 percent and the sum
of the waste and food product. By-product recovery estimates
compare favorably with values listed by Peterson (1972). The raw
material input rate was about the same for the sections, frozen
and canned meat processes (12 to 13 kkgrsday).

The shift 1length wvaried from plant to plant depending on plant
policy and availability of personnel and raw material. During
the peak season most plants ran two shifts daily, each from 8 to
10 hours. Otherwise the plants usually ran one 8 +to 10 hour
shift or until the raw material supply was depleted.

Raw Waste loadings
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Comparing the Alaskan crab whole cook and section process
summary, Table 36, to the Alaskan crab frozen and canned meat
process summary, Table 38, reveals significant differences
between the product types. The meat process uses approximately
twice as much water as the whole and section process, and the
BODS ratio is 60 percent higher for +the meat process. These
differences can be attributed to the fact that mechanical pickers
are used to extract +the meat from the shell in the canned and
frozen meat process. In the whole and section process after
removal of the viscera and gills the crabs are frozen whole or in
sections with the shell in place.

Tables 39 through 42 list the flows and waste loads from the four
section processes sampled without grinders. Tables 43 through 45
list the flows and waste loads from the three frozen and canned
meat processes sampled without grinders. Tables 46 and 47 show
the combined section and the combined freezing and canning
processes respectively with grinding; it can be seen that the
freezing load was significantly higher than that from the section
processes. The reason for this is that much more solid waste is
generated in the freezing and canning process and there is
typically one grinder in the butcher area and one grinder in the
meat separation area while in the section process, there is Jjust
one grinder in the butcher area.

Tables 48 through 51 list the flows and waste loads from the four
section processes sampled with grinders. Tables 52 through 55
list the flows and waste loads from the four frozen and canned
meat processes sampled with grinders.

Alaskan_Crab_ Meat Processing (Subcategories D and E)

Table 37 1lists the combined averages obtained from sampling one
frozen and one canned meat process. It can be seen +that the
frozen and canned meat process used about 100 percent more water
than the average whole cook or sections operation per kkg
processed.

Tables 43 and 44 show +the waste loading from the frozen and
canned meat processes respectively. The water flow and waste
loadings per unit of raw material were about the same for both
plants. Table 45 shows the waste characteristics from a frozen
meat process located in a remote area, Plant S-2. The water flow
per unit of raw material was very high compared to the other
plants sampled. This was due to the large amount of sea water
used for fluming and cooling. The incoming BODS was zero because
of the large amount of chlorine used to disinfect the salt water.
The apparent COD 1loading is relatively high because the water
coming into the process averaged 145 mg/1 COD. Chloride
interference in the COD analysis 1is discussed in Section VI.
Plant S-2 was omitted from the summary table because of its
unusually high flows.
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Table 31. Material balance - Alaska tanner and king crab
sections process and Alaska Dungeness crab whole cooks
(without waste grinding).

Wastewater Material Balance Summary

Average Flow, 220 cu m/day (0.058 mgd)

Unit Operation % of Average Flow Range, %
a) Dbutcher 5 2 - 8
b) precook and cook 15 10 - 20
c) wash and cool 60 50 - 70
d) sort, freeze, pack 10 5 - 15
e} clean-up 10 5 - 15

Product Material Balance Summary

Average Raw Product Input Rate, 13.06 kkg/day (14.40 tons/day)

Output % of Raw Product Range, %
Food product 64 57 - 69
By-product 34 20 - 40

Waste : 2 1 - 15
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Table 32. Material balance - Alaska tanner crab frozen
and canned meat process (without waste grinding).

Wastewater Material Balance Summary

Average Flow, 341 cu m/day (0.090 mgd)

Unit Operation $ of Average Flow Range, %

a) butcher 2 1~ 3

- b) precook and cook 5 2 - 17
¢c) cool 20 15 - 30
d) meat extraction 37 30 - 40
e) sort, pack, freeze 11 8 - 20
f) retort* 15 —-—— - =
g) clean-up 10 5 - 15

Product Material Balance Summary

Average Raw Product Input Rate, 12.27 kkg/day (13.53 tons/day)

Output % of Raw Product Range, %
Food product 14 10 - 20
By-product 84 70 - 89
Waste 2 1l - 15

* Canning operation only
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Table 33, Material balance - Alaska tanner and king crab
sections process (with waste grinding).

Wastewater Material Balance Summary

Average Flow, 364 cu m/day (0.096 mgd)

Unit Operation ¢ of Average Flow Range, %
a) Dbutcher and grinding 26 15 - 40
b) precook and cook 19 15 - 25
¢c) wash and cool 36 20 - 50
d) sort, pack, freeze 9 5 - 12
e) clean-up 10 15 - 20

Product Material Balance Summary

Average Raw Product Input Rate, 13.06 kkg/day (14.40 tons/day)

Output %2 of Raw Product Range, %
Food product 64 57 - 69
By-product 21 15 - 30
Waste 15 10 - 30
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Table 34, Material balance - Alaska tanner crab frozen
and canned meat process (with waste grinding).

Wastewater Material Balance Summary

Average Flow,

Unit Operation

a) butcher and grinding
b) precook and cook

c) cool

d) meat extraction

e) sort, pack freeze

f) retort*

g) clean-up

Product Material Balance Summary

% of Average Flow

440 cu m/day (0.116 mgd)

30
3
6

34
7

10

10

Range, %
25 - 45
1 5

2 9
30 40
5 10

5 15

8 15

Average Raw Product Input Rate, 8.40 kkg/day (9.25 tons/day)

Output % of Raw Product
Food product 14
By-product 66
Waste 20

10 - 20
50 - 75
10 - 30

Range, %

* Canning operation only
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Table 35. Alaska crab whole cook and section process

summary - without grinding (3 plants) .*

Parameter Mean Range
Flow Rate, cu m/day 200 136 - 318
(mgd) (0. 053) (0. 036 - 0. 084)

Flow Ratio, l/kkg 16, 900 15, 400 -17,800

(gal/ton) (4040) (3690 - 4260)
Settleable Solids, ml/1 2.7 - - -
Settleable Solids Ratio, 1/kkg 46 15 - 100
Screened Solids, mg/l 1300 - - -
Screened Solids Ratio, kg/kkg 22 18 - 25
Suspended Solids, mg/1l 210 - - -
Suspended Solids Ratio, kg/kkg 3.5 0o - 8.0
5 day BOD, mg/1l 330 -- - -
5 day BOD Ratio, kg/kkg 5. 6 0o - 8.0
20 day BOD, mg/1l 1200 - - -
20 day BOD Ratio, kg/kkg 21 -
CoD, mg/1 710 -- - --
COD Ratio, kg/kkg 12 4 - 19
Grease and 0il, mg/1l 30 -- - -
Grease and 0il Ratio, kg/kkg 0.5 0.3 0.7
Organic Nitrogen, mg/l 77 - - -
Organic Nitrogen Ratio, kg/kkg 1.3 1.1 - 1.8
Ammonia-N, mg/l 2.9 - - --
Ammonia-N Ratio, kg/kkg 0. 05 0.02 - 0. 08
pH 7. 6 7.4 - 8.2

* process water only, table excludes

data from plant K8 (Table 39).
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Table 36. A}aska crab whole cook and section process -
without grinding (3 plants), including clean-up.*

Parameter Mean Range
Flow Rate, cu m/day 220 -- - --

(mgd) (0. 058) - - -
Flow Ratio, 1l/kkg 18, 600 -- - -

(gal/ton) (4440) -- - -
Settleable Solids, ml/1 2.8 - - -
Settleable Solids Ratio, 1l/kkg 52 . . _
Screened Solids, mg/1l 1300 - -
Screened Solids Ratio, kg/kkg 24 o
Suspended Solids, mg/1 210 - - --
Suspended Solids Ratio, kg/kkg 3.9 - - -
5 day BOD, mg/l 320 -- - --
5 day BOD Ratio, kg/kkg 6.0 - - -
20 day BOD, mg/1 1200 -- - -
20 day BOD Ratio, kg/kkg 23 - - -
COD, mg/1 700 -- - --
COD Ratio, kg/kkg 13 -- - -
Grease and 0il, mg/1 . 30 -- - -
Grease and 0Oil Ratio, kg/kkg 0. 56 . _ _
Organic Nitrogen, mg/l 75 -- - -
Organic Nitrogen Ratio, kg/kkg 1.4 - - -
Ammonia-N, mg/1l 2.8 -- - --
Ammonia-N Ratio, kg/kkg 0. 053 - - -
pH 7.6 -— - -

* (Clean up water is included in this table. The values were arrived at
by adding a percentage to the flow rates and wasteload rations shown in
Table 35. The percentages are 10, 10, 14, 10.5, 11, 8, 8, 7, 12.5, 5.6,
6 from top to bottom respectively. The ratio was then converted to mg/l.
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Table 37. Alaska crab frozen and canned meat process
summary - without grinding.*

Parameter Mean Range

Flow Rate, cu m/day 310 246 - 375 .

(mgd) (0. 082) (0. 065 - 0. 099)
Flow Ratio, 1l/kkg 32,700 -- - --

(gal/ton) (7840) -- - --
Settleable Solids, ml/1 0. 49 - - -
Settleable Solids Ratio, 1l/kkg 16 11 - 22
Screened Solids, mg/l 3700 .- - -
Screened Solids Ratio, kg/kkg 120 79 - 157
Suspended Solids, mg/1l 170 - - -
Suspended Solids Ratio, kg/kkg 5.6 4.4 - 6.7
5 day BOD, mg/1 270 -- - -
5 day BOD Ratio, kg/kkg 8.9 8.4 - 9.4
20 day BOD, mg/l 400 -- - -
20 day BOD Ratio, kg/kkg 13 -- - -
CoD, mg/1 430 -- - --
COD Ratio, kg/kkg 14 12 - 16
Grease and 0il, mg/1 22 -- - --
Grease and 0il Ratio, kg/kkg 0. 72 0.65 - 0. 78
Organic Nitrogen, mg/1l 73 -- - --
Organic Nitrogen Ratio, kg/kkg 2.4 1.8 - 3.0
Ammonia-N, mg/l 2.4 - - -
Ammonia-N Ratio, kg/kkg 0. 08 0.07 - 0.10
pH 7.4 7.4 - 7.5
* process water only 2 plants
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Table 38. Alaska crab frozen and canned meat process--
without grinding--including clean-up.*

Parameter Mean Range
Flow Rate, cu m/day 341 -- - -

(mgd) (0. 090) -- - --
Flow Ratio, 1l/kkg 36, 000 -- - -

(gal/ton) (8620) -- - --
Settleable Solids, ml/1 0.5 -- - -
Settleable Solids Ratio, 1l/kkg 18 . - .
Screened Solids, mg/1l 3600 -- - -
Screened Solids Ratio, kg/kkg 130 -- - --
Suspended Solids, mg/1l 170 -- - --
Suspended Solids Ratio, kg/kkg 6.2 -- - --
5 day BOD, mg/1l 270 -- - --
5 day BOD Ratio, kg/kkg 9,6 -- - -
20 day BOD, mg/1 390 -- - -
20 day BOD Ratio, kg/kkg 14 -- - --
COD, mg/1 420 -- - --
COD Ratio, kg/kkg 15 -- - -
Grease and 0il, mg/1l 22 -- - -
Grease and 0il Ratio, kg/kkg 0. 81 -- - -
Organic Nitrogen, mg/1 69 .- - -
Organic Nitrogen Ratio, kg/kkg 2.5 - - -
Ammonia-N, mg/1l 2.4 -- - -
Ammonia-N Ratio, kg/kkg 0. 085 . _ _
pH 7.4 -- - --

* Clean up water is included in this table. The values were arrived at
by adding a percentage to the flow rates and wasteload ratios shown in
Table 37. The percentages are 10, 10, 14, 10.5, 11, 8, 8, 7, 12.5, 5.6,
6 from top to bottom respectively. The ratio was then converted to mg/l.
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Table 39.

Alaska Dungeness crab whole cook process

without grinding (plant K8).*

Parameter

Mean

Flow Rate, cu m/day
(mgd)

Flow Ratio, 1l/kkg
(gal/ton)

Settleable Solids, ml/1
Settleable Solids Ratio, 1l/kkg

Screened Solids, mg/1l
Screened Solids Ratio, kg/kkg

Suspended Solids, mg/1l
Suspended Solids Ratio, kg/kkg

5 day BOD, mg/1
5 day BOD Ratio, kg/kkg

20 day BOD, mg/l
20 day BOD Ratio, kg/kkg

COD, mg/l
COD Ratio, kg/kkg

Grease and 0il, mg/1l
Grease and 0Oil Ratio, kg/kkg

Organic Nitrogen, mg/l
Organic Nitrogen Ratio, kg/kkg

Ammonia-N, mg/l
Ammonia-N Ratio, kg/kkg

PH

280 -- -
(0. 074) -- .

29,900 -- -
(7160) -- -

1.1 -- -
33 -- -

370 -- -
11 -~ -

67 -- -

800 -- -

* process water only
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Table 40,

without grinding (plant K1l).~*

Alaska Dungeness crab whole cook process

Parameter

Mean

Range

Flow Rate, cu m/day
(mgd)

Flow Ratio, 1l/kkg
(gal/ton)

Settleable Solids, ml/1
Settleable Solids Ratio, l/kkg

Screened Solids, mg/l
Screened Solids Ratio, kg/kkg

Suspended Solids, mg/l
Suspended Solids Ratio, kg/kkg

5 day BOD, mg/l
5 day BOD Ratio, kg/kkg

20 day BOD, mg/1
20 day BOD Ratio, kg/kkg

COD, mg/1
COD Ratio, kg/kkg

Grease and 0il, mg/1
Grease and 0il Ratio, kg/kkg

Organic Nitrogen, mg/l
Organic Nitrogen Ratio, kg/kkg

Ammonia-N, mg/1l
Ammonia-N Ratio, kg/kkg

pH

144
(0. 038)

17, 400
(4160)

0. 86
15

1000
18

57

100

* process water only
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Table 41. Alaska king crab sections process witnout
grinding (plant Kll).~

Parameter Mean Range
Flow Rate, cu m/day 318 284 - 356
(mgd) (0. 084) (0. 075 - 0. 094)

Flow Ratio, l/kkg 15,400 12, 600 - 17,600

(gal/ton) (3690) (3010 - 4230)
Settleable Solids, ml/1 1.6 - - -
Settleable Solids Ratio, 1l/kkg 24 13 - 35
Screened Solids, mg/l 1600 -- - -
Screened Solids Ratio, kg/kkg 24 2 } 35
Suspended Solids, mg/l 100 - - -
Suspended Solids Ratio, kg/kkg 1.6 1.2 - 2. 6
5 day BOD, mg/l 260 - -
5 day BOD Ratio, kg/kkg 40 3.0 T 0
20 day BOD, mg/l - - - -
20 day BOD Ratio, kg/kkg .- - - -
COD, mg/1l 420 -- - --
COD Ratio, kg/kkg 6.4 4.5 - 7.5
Grease and 0il, mg/l 19 - - -
Grease and 0Oil Ratio, kg/kkg 0.3 0.1 4
Organic Nitrogen, mg/l 71 -- - -
Organic Nitrogen Ratio, kg/kkg 1.1 0.8 - 1.4
Ammonia-N, mg/1l 1.3 - - -
Ammonia-N Ratio, kg/kkg ' 0. 02 0.02 - 0. 03
pH 7.4 7.1 - 7.7

* process water only 5 samples
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Table 42,

grinding (plant K6) .*

Alaska tanner crab sections process without

Parameter Mean Range

Flow Rate, cu m/day 136 132 - 144

(mgd) (0. 036) (0. 035 - 0. 038)
Flow Ratio, l/kkg 17,800 14,200 -21, 300

(gal/ton) (4260) (3400 - 5100)
Settleable Solids, ml/1l 5.6 .- - -
Settleable Solids Ratio, 1l/kkg 100 36 - 190
Screened Solids, mg/1 1400 - - -
Screened Solids Ratio, kg/kkg 25 14 - 43
Suspended Solids, mg/l 450 - - --
Suspended Solids Ratio, kg/kkg 8.0 .0 - 11
5 day BOD, mg/1l 450 -- - -
5 day BOD Ratio, kg/kkg 8.0 .0 - 19
20 day BOD, mg/l 1200 -- - --
20 day BOD Ratio, kg/kkg 21 13 - 30
COD, mg/1 1100 -- - --
COD Ratio, kg/kkg 19 13 - 35
Grease and 0il, mg/l 39 -- - -
Grease and 0il Ratio, kg/kkg 0.7 0.5 - .0
Organic Nitrogen, mg/1l 62 -- - -
Organic Nitrogen Ratio, kg/kkg 1.1 0.9 - 4
Ammonia-N, mg/l 2.8 -- - --
Ammonia-N Ratio, kg/kkg 0. 05 0.04 - 0.7
PH 7.6 7.5 - 7.8

* process water only
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Alaska tanner crab frozen meat process without

Table 43,
grinding (plant K6).*
Parameter Mean Range

Flow Rate, cu m/day 375 -- -
(mgd) (0. 099) -- -

Flow Ratio, 1l/kkg 32, 700 -- -
(gal/ton) (7840) -- -

Settleable Solids, ml/1l 0. 67 - _
Settleable Solids Ratio, 1l/kkg 22 - .
Screened Solids, mg/l 4800 _- -
Screened Solids Ratio, kg/kkg 157 . _
Suspended Solids, mg/1l 130 -- -
Suspended Solids Ratio, kg/kkg 4.4 -- -
5 day BOD, mg/1l 290 - -
5 day BOD Ratio, kg/kkg 9.4 . N
20 day BOD, mg/1l - - -
20 day BOD Ratio, kg/kkg - . -
CoD, mg/1 370 -- -
COD Ratio, kg/kkg 12 o -
Grease and 0il, mg/1l 20 . _
Grease and 0il Ratio, kg/kkg 0. 65 . _
Organic Nitrogen, mg/1l 92 - -
Organic Nitrogen Ratio, kg/kkg 3.0 -- -
Ammonia-N, mg/l 3.0 -- -
Ammonia-N Ratio, kg/kkg 0.10 - -
pH 7.5 -- -

* process water only

1l sample
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Table 44.

grinding (plant X8).*

Alaska tanner crab canned meat process without

Parameter Mean Range

Flow Rate, cu m/day 246 227 - 272

(mgd) (0. 065) (0. 060 - 0. 072
Flow Ratio, 1l/kkg 32, 700 29, 400 - 36,100

(gal/ton) (7840) (7050 - 8650)
Settleable Solids, ml/1l 0. 34 -- - -
Settleable Solids Ratio, l/kkg 11 6 - 21
Screened Solids, mg/l 2400 - - -
Screened Solids Ratio, kg/kkg 79 63 . 98
Suspended Solids, mg/l 200 - - --
Suspended Solids Ratio, kg/kkg 6.7 4.8 - 4
5 day BOD, mg/1l 260 .- - -
5 day BOD Ratio, kg/kkg 8.4 7.0 - 11
20 day BOD, mg/1 400 - - -
20 day BOD Ratio, kg/kkg 13 2 - 19
CoD, mg/1 490 -- - --
COD Ratio, kg/kkg 16 8 - 20
Grease and 0il, mg/1 24 -- - -
Grease and 0Oil Ratio, kg/kkg 0. 78 0.24 - 1.4
Organic Nitrogen, mg/1l 55 - - -
Organic Nitrogen Ratio, kg/kkg 1.8 1.5 - 2.2
Ammonia-N, mg/l 2.1 - - -
Ammonia-N Ratio, kg/kkg 0. 07 0.06 - 0. 08
PH 7.4 7.4 - 7.5
* process water only 4 samples
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Table 45. Alaska tanner crab frozen meat processvwithout

grinding (plant S2).*

Parameter Mean Range

Flow Rate, cu m/day 1740 1620 - 2000

(rngd) (0. 459) (0. 427 - 0. 528)
Flow Ratio, 1l/kkg 146, 000 125, 000 -167, 000

(gal/ton) (35,000) (30, 000 - 40,000)
Settleable Solids, ml/1l 0. 32 -- - -
Settleable Solids Ratio, 1l/kkg 46 16 - 76
Screened Solids, mg/1l 1400 - - -
Screened Solids Ratio, kg/kkg 210 140 - 290
Suspended Solids, mg/1 57 - - -
Suspended Solids Ratio, kg/kkg 8.3 .8 - 12
5 day BOD, mg/l - - - -
5 day BOD Ratio, kg/kkg -- - - --
20 day BOD, mg/l -- -- - -
20 day BOD Ratio, kg/kkg - - - -
CcoD, mg/1l 340 - - -
COD Ratio, kg/kkg 50 32 - 77
Grease and 0il, mg/1 11 - - -
Grease and 0Oil Ratio, kg/kkg 1.6 .9 - 4
Organic Nitrogen, mg/l -- -- - --
Organic Nitrogen Ratio, kg/kkg - - - -
Ammonia-N, mg/1l - - - --
Ammonia~N Ratio, kg/kkg - - - -
PH 7.7 7.2 - 7.8
* process water only 8 samples
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Alaskan_Whole Crab and Crab_Section Processing_ (Subcategories F
and G)

Table 35 lists the combined average obtained from sampling <three
whole cook or sections processes.

Tables 39 and 40 show the waste loadings from the two whole cook
process sampled and Tables 41 and 42 show the +two section
processes sampled. The water flow and the BODS5 and COD loads per
unit of raw material are quite similar except for the one whole
cook process sample (Plant K-8) which had much higher flows and
waste loads. Plant K-8 employed a brine freezing unit operation
while the other plants used blast freezing. This process was
sampled only one day and the sample was not included in the
summary table.

DUNGENESS AND TANNER CRAB PROCESSING IN THE CONTIGUOUS STATES
(Subcategory H)

The waste characteristics data used to typify the Dungeness crab
industry outside of Alaska were taken from a study done by the
Department of Food Science and Technology at Oregon State
University (Soderquist, et al., 1972). The major differences
between Alaska and 1lower West Coast crab plants (Washington,
Oregon, California) are waste disposal and meat picking methods.
West Coast plants do not grind their waste as do the Alaska
plants and West Coast plants hand pick the meat rather than using
mechanical leg pickers as do the Alaska plants. No tanner crab
processes outside of Alaska were monitored during this study;
however, the operations are the same as in Alaska except for the
di fferences discussed above.

The previous study sampled three Dungeness whole and fresh frozen
meat processes in Astoria, Oregon for three months starting in
November, 1971. Two of the three plants sampled used solid waste
fluming systems. This was not considered to be typical of
"exemplary" processing plants. Therefore, composite samples were
taken with and without the flumed waste flows.

A general description of the steps in a Dungeness crab processing
plant was presented in Section IV. All of the plants sampled
follow the same general steps except for +two unit operations.
The first variation was in the bleed-rinse step. After the crabs
are butchered the crab pieces are either conveyed via belt below
a water spray or packed into large steel baskets and submerged in
circulating rinsewater. 1In either case a continuous waste water
flow results. There was no appreciable difference in the
characteristics of the waste streams from each method. The
second variation in processing is the cooling method following
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Table 46. Alaska crab section process summary with grinding
(4 plants) .*
Parameter Mean Range
Flow Rate, cu m/day 331 155 - 439
(mgd) (0. 088) (0. 041 - 0.116)

Flow Ratio, 1/kkg 29, 000 17, 600 -43,400

(gal/ton) (6960) (4220 -10,400)
Settleable Solids, ml/1 11 - - -
Settleable Solids Ratio, 1/kkg 330 50 - 750
Screened Solids, mg/l 10, 000 - - --
Screened Solids Ratio, kg/kkg 300 28 _ 470
Suspended Solids, mg/1 760 - - -
Suspended Solids Ratio, kg/kkg 22 - 32
5 day BOD, mg/l 1200 - - .
5 day BOD Ratio, kg/kkg 36 22 - 44
20 day BOD, mg/l 1600 -- - --
20 day BOD Ratio, kg/kkg 47 3] _ 63
COD, mg/1 2200 -- - --
COD Ratio, kg/kkg 64 34 - 80
Grease and 0il, mg/l 280 - - -
Grease and 0Oil Ratio, kg/kkg 8.2 3 _ 15
Organic Nitrogen, mg/l 180 - - -
Organic Nitrogen Ratio, kg/kkg 5.1 3 .
Ammonia-N, mg/1l 4,8 -- - -
Ammonia-N Ratio, kg/kkg 0.14 0.09 - 0.18
PH 7.3 7.1 - 7.5

* process water only
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Table 47.

Alaska crab frozen and canned meat process
summary with grinding (4 plants).*

Parameter Mean Range

Flow Rate, cu m/day 400 322 - 507

(mgd) (0. 106) (0. 085 - 0.134
Flow Ratio, l/kkg 51, 700 32,800 - 85,500

(gal/ton) (12, 400) (7870 - 20, 500)
Settleable Solids, ml/1 12 - - -
Settleable Solids Ratio, 1l/kkg 640 150 - 1800
Screened Solids, mg/l 16, 000 - - -
Screened Solids Ratio, kg/kkg 850 520 - 1200
Suspended Solids, mg/1l 1000 - - -
Suspended Solids Ratio, kg/kkg 54 45 - 67
5 day BOD, mg/1 1300 -- - -
5 day BOD Ratio, kg/kkg 66 54 - 89
20 day BOD, mg/l 2300 - - -
20 day BOD Ratio, kg/kkg 120 60 - 180
CoD, mg(l 1900 - - -
Grease and 0il, mg/1l 350 -- - -
Grease and 0il Ratio, kg/kkg 18 - 31
Organic Nitrogen, mg/l 190 - - -
Organic Nitrogen Ratio, kg/kkg 10 _ 13
Ammonia-N, mg/l 5.0 -- - -
Ammonia~N Ratio, kg/kkg 0.26 0.2 - 0. 35
pH 7.7 7.3 - 7.9

* process water only
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Table 48. Alaska tanner crab sections process with
grinding (plant K1).*
Parameter Mean Range
Flow Rate, cu m/day 363 -- - --
(mgd) (0. 096) -- - --
Flow Ratio, 1l/kkg 35,200 28,600 - 41, 000
(gal/ton) (8450) (6860 - 9820)
Settleable Solids, ml/1l 1.4 -- - -
Settleable Solids Ratio, 1l/kkg 50 - 10 - 90
Screened Solids, mg/l 800 -- - --
Screened Solids Ratio, kg/kkg 28 - 42
Suspended Solids, mg/l 200 - - --
Suspended Solids Ratio, kg/kkg 7 -
5 day BOD, mg/1l 620 - - -
5 day BOD Ratio, kg/kkg 22 - 28
20 day BOD, mg/1l 880 -- - --
20 day BOD Ratio, kg/kkg 31 13 - 49
COD, mg/1 960 -- - -
COD Ratio, kg/kkg 34 14 - 66
Grease and 0il, mg/l 85 -- - —
Grease and 0il Ratio, kg/kkg 3 0.2 -
Organic Nitrogen, mg/1l 94 -- - -
Organic Nitrogen Ratio, kg/kkg 3.3 2.1 - 5.0
Ammonia-N, mg/1l 2.6 - - -
Anmmonia-N Ratio, kg/kkg 0. 09 0.07 - 0.12
PH 7.5 7.4 - 7.7

* process water only
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Table 49.

grinding (plant K3).*

Alaska tanner crab sections process with

Parameter Mean Range

Flow Rate, cu m/day 439 344 - 522

(mgd) (0.116) (0. 091 - 0.138
Flow Ratio, 1/kkg 43, 400 28, 400 - 60, 500

(gal/ton) (10, 400) (6800 - 14, 500)
Settleable Solids, ml/1l 3.0 - - -
Settleable Solids Ratio, 1l/kkg 130 23 - 270
Screened Solids, mg/l 7100 -- - --
Screened Solids Ratio, kg/kkg 310 15