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Seafood waste management will be a major problem facing the
United States seafood industry in the 1980's. With the approach of
new interim guidelines for compliance in 1984, the industry is expected
to implement more stringent effluent controls. Also, the industry
can anticipate more expensive pre-treatment standards for munici.pal
facilities and stricter new source standards for new seafood processors.
The cost-benefi.ts of these future controls have been questioned.
Affordable methods of seafood waste treatment seem limited and practical
methods of seafood waste utilization have not developed as expected.
Thus, seafood waste management and the industry's present economi.c
status are on a collision course in the 1980's.

Concurrently, the nation' s seafood industries are experiencing
a growth phase initiated by the passage of the Fishery Conservation
and Management Act of 1976. This Act established the 200-mile
fishery conservation zone which gave the United States control over
20 percent of the world's seafood supply. The industry has responded
with an accelerated growth in fishing efforts. Processing capacities
must be expanded to meet the rapidly increasing harvesting capabilities.
Unfortunately, new processing ventures must combat the current in-
flationary status in the U. S. economy and the inevitable increasing
costs for fuel. Seafood ~aste management regulations could pose an
additional impediment to the development of our nation's fisheries.

This conference on "Seafood Waste Management in the 1980' s" was
organized to concentrate industry and government expertise concerned
with the implications of future waste management guidelines. The
problems and potential solutions for seafood waste treatment or waste
utilization were discussed and the legal and reasonable aspects of
future regulations were debated. The conference presentations are
compiled in this proceedings. These papers were edited for general
format and basic grammar, but the con.tent is the responsibility of
the respective authors.

It is hoped that this proceedings will provide a basic overview
of the seafood industry and associated waste management problems at
the beginning of the 1980's.

V. Steven Otwell

Editor
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OVERVIEW OF SEAFOOD WASTE MANAGEMEHT IN THE UNITED STATES

OPENING REKQKS

Col. Beverly C. Snow, Jr.
Executive Director

Coastal Plains Center for Marine Development Services
1518 Harbour Drive

Wilmington, North Carolina 28401

To set the stage for the opening technical session, which I
have been asked to chair this afternoon, a brief review of the
Coastal Plains Seafood Processors Assistance Project is in order.

In the early 1970's, seafood processors in the Southeastern
United States, as indeed elsewhere in the Nation, had experienced
problems with government regulations which were constantly changing,
growing in number, and becoming more demanding and technically
complex. Keeping abreast of, interpreting, and complying with
these regulations had been financially and technically difficult
for many firms. These problems persist today, but we would like
to think that we have made a contribution toward making them less
burdensome, at least for many processors.

To assist seafood processors in Virginia, North Carolina,
South Carolina, Georgia, and Florida in interpreting and complying
with the regulations, the Coastal Plains Regional Commission funded
a project which enabled the various State advisory service organ-
izations to provide the required assistance directly to seafood
processors in their respective States. Commission support provided
for the employment in each State of an advisory services agent
to implement the project for a two-year period.

The Coastal Plains Marine Center was assigned the role of
monitoring the execution of the project and coordinating it among
the State organizations involved. The Center also disseminated
information to the advisory services agents and promoted the ex-
change of information and techniques among them so as to put the
project on a mutually beneficial interstate basis.

June 26, 1974, was the date of the first meeting to discuss
the project and make plans to request that it be financially sup-
ported by the Coastal Plains Regional Commission. Nay 2, 1975, was
the date on which the Center first advanced funds to any of the
States for the purpose of supporting the work of their agents. The



first agent began work on September 1, 1975, in North Carolina.
The two-year periods in the various States overlapped rather than
coinciding, primarily because Virginia and Florida joined the
Commission several years after the other States. The last agent
to complete work under Commission and Center sponsorship was your
Conference Chairman, Steve Otwell, in Florida on June 30 of this
year, so the total period of execution was only two months short
of five years.

This conference will present some of the lessons learned and
techniques discovered ln the execution of the project during the
last several years. This afternoon you will receive an overview
of seafood waste management in the United States, with presentations
by the five Coastal Plains States before the break, and by other
regions of the country after the break. Hopeful1.y we can all learn
from each other.



SEAFOOD WASTE MANAGEMENT IN VIRGINIA

Thomas J. Murray
Marine Resources Economist

Virginia Institute of Marine Science
Gloucester Pt., Virginia 23062

It's a pleasure to be here as a participant and representative
from Virginia. Clearly my newness in Virginia and perspective as
an economist do not make me the foremost" authority on this topic.
However, I am apparently the only one with travel money.

It reminds me of the story of the sailor who, upon hearing
that his girl back home was engaged to his best friend, quickly
called her and inquired as to just what his friend had that he
didn't have. His "ex" responded quite simply "nothing --but it' s
here!"

So with the above qualification I think that you should know
that my knowledge of the seafood waste situation of Virginia is not
as extensive as some other individuals -- but it's here.

First let me give a very brief overview of a description of
Virginia's seafood landings. Secondly I wi.ll attempt to portray
what is perhaps the most critical aspect of this general problem
today. Virginia's diverse commercial fisheries may be best char-
acterized in terms of offshore and inshore or Say fisheries.

Levels of seafood processing in Virginia are quite significant.
Combined inshore and offshore finfish landings  principally trout,
flounder, croaker, spot, etc .! are in the forty million pound range
annually with about a three to one ratio respectively. This volume
has proven to be a blessing interms of processing waste management
as scrap is commonly sold to cat and mink food companies. Also
some of the largest processors enjoy access to municipal waste
treatment systems.

The State's principal offshore shellfisheries are comprised
mainly of scallops and surf clams with meats processed annually at
about seven million and twelve million pounds respectively.

Reportedly of these fisheries the mechanized clam processors
face the probability of waste management problems in the future.

Virginia' s significant Bay oyster harvest, yields around five
million pounds of meats yearly with the shells returned as cultch
for future oyster set.



Approximately 80-85X of Virginia's commercial fishery landings
are comprised of menhaden. Around 500,000,000 lbs. of this fish
are landed and used in the production of fish meal. In the recent
past these large reduction plants have invested substantial amount~
of capital in installing stack scrubbers in attempting to reduce
odors impacting local air quality. Unfortunately what has been
taken from the air is now going into the water and according to
State Mater Quality personnel gives rise to significant levels
of B. 0. D.

Virginia clearly has some areas of concern in seafood processing
waste management. To date, industry has taken whatever it has c»-
sidered prudent steps in meeting air and water quality regulations.
our industry is probably the same as that here in Florida or on
the Meet Coast in at least one regard and that is the uncertainty
with which they view the future relating to environmental regulation.
As businessmen uncertainty regarding the regulatory context within
which they most produce in the future may be their number one
management problem.

Virginia is fortunate, however, in that the implementation of
5. E. P. A. has been delegated to our own State Air and Water
Control Board. These agencies have proven to be more knowledge-
able about local site specific conditions and probably to a large
extent, are responsible for Virginia's demonstrated regulatory
rationality.

"N % FOR THE BAD NKMS"

Currently the disposal of hard crab waste in Virginia and
throughout the Chesapeake Bay region has manifest itself as a
critical issue for this valuable fishery.

Based on an l8 year average  Table l!, Maryland and Virginia
combined produced about 50 million pounds of hard crab scrap in
a single year.

problems arise because of the seasonality of landings  Figure.
l and 2! as well as their location  Figure 3!.

In the recent past this scrap has been used in the production
of a dried meal product. Used as an additive in certain 'types of
livestock feed, the scrap has held value as a marketable recovered
waste product.

tl some crab meal processors have experienced problemscen y s
in the rendering of the scrap into meal. Reportedly the traditional
market for crab meal is no longer profitable as competitive meal



TABLE 1

Virginia

5, 069, 589

4,776,336

2,202,381

4,199,626

2,705, 689

2, 040,510

1,402, 438

2,402, 127

3, 652, 328

4, 677, 860

5, 317,491

5, 666, 528

Maryland

4, 215, 256

Total

9,284,84 5

7,824,223

3,098,480

4,298,759

2,706,822

Sept.

3,047,887

896,099

Oct.

hlov.

99,133

1,133

Dec.

Jan.

793 2, 041,303

1,403, 822

2, 780, 099

Feb.

1,384

377,972

March

April

59, 042

3,028,147

4,811,370

7,706, 007

10,400,222

1 0, 791, 204

May

June

5, 082,731

5,124, 676

Ju ly

August

Total

«Total Scrap

«*Total Meal

67,147,156

47, 003, 009

15,108,110

44,112, 903

30,879,032

9,925,403

23, 034, 253

16,123,977

5,182,707

Source: VIMS Unpublished Data File

Personal Communication: W. A. VanEngle

*Based upon 70X scrap yield + 10 � 15K Meat + l5-2/X Cooking Loss

**Based upon 25'X yield of meal from wet waste

Total Annual Blue Crab Landings in Lbs. for Virginia and Maryland
by Month and Estimated Solid Waste Generated

�0-78! 0



PIQURE I�
PERCENT OF TOTAL ANNUAL SOLID WASTE GENERATED
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FIG UR E 2�
PERCENT OF TOTAL ANNUAL SOLID WASTE GENERATED
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FlQlRE 3

92 Hard Blue Crab Landings by
County �963-1977 Average! .

y~is characterites the 1 ssing locations and therefore the true con-accurately reflect the actual process ng
centretions of hami crab wastes.



products  principally soybean and corn! had experienced decreases
in price, thus causing a shift by feed companies away from crab
meal to the relatively cheaper grains

Some meal plant operators cite the resulting decrease in final
price for their crab meal in conjunction with increases in their
operating expenses  principally energy! as the source of their
problem.

Unable to meet even the variable costs of operation meal
plant operators have shut down or drastically curtailed operations
to a "day to day" basis.

Without the recovery of the crab waste into a meal product,
crab packers are faced with the dilemma of disposing of large
quantities of wet solid crab waste in order to continue producing.

Contacts with feed company's representatives have indicated
a willingness to utilize the crab meal product � at the right price.
However, past instances of undependable delivery, poor product
quality, etc. have discouraged some large feed blenders on the use
of crab meal in their feeds.

Errespective of the history, present problems, and future
potential of crab meal products, the need for some form of waste
utilization or disposal to relieve the crab processing sector
is immediate.

Presently, we are developing enterprise budgets. for new crab
meal processing plants and looking at the future of the crab meal
market as it relates to other commodities. This analysis will
assist industry in developing its best alternative to hard crab
waste management today.

lLarge feed corporations used computerized formulas to constantly
substitute different meal products in feed products � minimizing their
costs for protein and other requirements. This is critical because
fulfilling animal nutrient requirements is a major economic consider-
ation in any modern livestock enterprise. For example, approximately
80X of the variable costs of feedlot beef, 55-60X in swine, and
50-60X in dairy and poultry are due to feed costs.



NORTH CAROLINA SEAFOOD PROCESSORS IN MEETING
WATER POLLUTION REQUIREMENTS

Roy E. Caravan
and

Fr snk B . Thomas
Food Science Extension

North Carolina State University
Raleigh, N. C.

INTRODUCTION

Traditionally, the North Carolina seafood industry
haa deposited its vastewaters and solid waste into the
coastal waters surrounding its seafood handling and
processing plants. With the increasing emphasis on
environmental concerns culminating with the passage of
PL 92-500 in 1972 and subsequent amendments, it has
become increasingly evident to the authors that sea-
food processors must curtail or modify many of their
psst practices because of regulatory mandatee. Numerous
changes in federal laws and regulations and in state
lave and regulations have occurred and current trends
indicate that many more changes will occur in the years
to come. Therefore, this study was undertaken to
assess the situation in North Carolina and to help
formulate plans to assist the seafood industry as they
comply with current, developing and future pollutioo
laws and regulations.

This project was intended to accomplish the
following objectives for North Carolina seafood pro-
cessors, with findings and methodology applying to
other states in the Coastal Plains area:

A. Federal and State Regulations:

Determine interaction of EPA, OSHA, FDA, and various
state agencies in dealing with each important seg-
ment of North Carolina seafood industry.

Literature Review:

Collect and interpret relevant information dea] ing
with the project.

10



C. Survey and Categorize

Determine most important seafood hand ling and pro-
cessing categories and plan to investigate eight
of them in a two � year period.

D. Demonstrate and Educate:

Investigate details of each handling and/or pro-
cessing category to determine seasonal availability
of species, economic importance and other factors,
presenting the findings to management as basis for
future action and corrective measures.

E. Industry Contacts:

Prepare written releases at the end of each three-
month period upon completion of a category, mail
frequent releases on subject, visit individual
companies, hold meetings, and in other ways employ
extension capabilities to reach those affected.

F. Unscheduled Requests:

Employ expertise if requests bearing upon the
subject matter of this project are of sufficient
importance to require immediate attention.

During the project, there were frequent contacts with
federal and state agencies through visits or by telephone
Discussions dealt with the problem of effluents generated
by seafood handling or processing operations. Also,
sanitation and quality aspects of seafood products and
plant safety were reviewed.

The literatur
ulations and publi
matter of the proj
examined for conte
Retrieval System d
will focus on the
concerning plant e

e review involved collection of reg-
cat iona bearing upon the subject
ec t . These i terna wer e s ye ternati cally
nt, then embodied in the Information
escribed by Ramey �!. This paper
field work and laboratory effort
ffluents as indicated by the following:

List of Seafood Plants Studied
No. Plants Month s and Year s

Involved

26Handlin Finfish Dec . to March,
'76 b '77

Processin Finfish
Alewife  Packing! 3
Eel Freezing I
Croaker, Trout, Flounder s 13
 Scaling, Heading, Gutt ing; Fillets!

Year Round, '76 b '77
March to June, '76
Nov. to Feb., '76 b '77



Picking! 22
Crabs, Blue  Mech. Picking! 2
Shrimp, Heading & Packing 34

Jul. to Sept.,
Jul to Sept , 77
June to Aug'� ,

Processin Mollusks

Scallops, Bay & Calico
 Shucking!

Scallops, Sea  Shucking!
Oysters, Blow Tank

Sept. to Dec.,

Jan. to Mar.,
June, '76; Mar.
to May, '77
Mar to May 77

3
12

Oysters, Heat Shock 12

North Carolina has a long coastline of over 1000
miles with a number of bays, sounds and estuaries
totalling over 2,000,000 acres that produce a variety
of seafood. Webb et al �! provided a breakdown of
licensed companies engaged in handling and processing
acti.vities for seafood:

N. C. HANDLERS AND PROCESSORS, by DISTRICTS
Number Concerned with Ma'or Cate ories �974!

Northern Central Southern Total

HANDLERS 220 128 247 595

69 51
29 21
18 3
22 9
12

6
156 B4

HANDLERS/PROCESSORS

Regulations

Congz.ess in 1972 enacted the Federal Water Pollutj.on
Control Act Amendment of 1972 - PL 92-500- The objective
of the lav is "to restore and maintain the chemical,
physical and biological integrity of the nations' vatez s
The lav requires EPA to establish "effluent limitatjonsu
for all industries including seafood plants. The law
also required EPA t:o develop and maintain a permit system
for all industries that directly discharge to the surface
waters of the United States.

The effluent limitations vere established by
EPA after a series to studies and public comments.
date, they have included "Best Practicable Contro]
Technology Currently Available" {BPT!, a standard which
should have been met by all seafood plants by 19-77;

12

PROCESSORS
Finfish
Shr imp
Crabs
Oyster s & Clams
Scallops
Industrial Fish

50
25
13

7

14
109
TOTAL

170
75
34
38
12
20

349
944



chnology Economically Achievable"
oposed to be met by 1983 and now

EPA to fix "Best Conventional
Technology"  BCT! which are currently
the seafood industries. The regul-
regulations have been described by
4! and Green and Rramer �!. However,
ties must be contacted for up-to-date

"Best Available Te

 BAT! which was pr
PL 95-217 requires
Pollutant Control
being revised for
story process and
Carawan et al �,
regulatory authori
information.

Effluent limitations for the seafood industries
include contaminant levels per 1000 pounds of raw
product plus pH standards of 6.0 to 9.0. Contaminants
restric ted include biochemic.al oxygen demand  BOD5 !,
total suspended solids  TSS! and fats, oil and grease
 FOG!. Limitations include maximum daily levels and
average levels for any 30 day period.

Seafood industries that discharge to municipal
systems are not required to meet these limitations or
the permitting requirements at this time. However,
the municipal system may require permits or limitations
as described by Carawan et al �!.

Discharge monitoring reports are required of all
permittees by the NER. Generally, most processors are
required to file quarterly reports on flow, FOG and
TSS. New permits also require BOD. Grab samples have
usually been accepted by NXR.

METHODS

The small size and age of the seafood plants sur-

13

The National Pollutant Discharge Elimination System
 NPDES! was developed to identify and control all dis-
chargers into public waters, Every seafood plant should
have a permit. En North Carolina, EPA on October 19,
1975 transferred the permit authority and control to
the North Carolina Department of Natural and Economic
Resources  NER!, Division of Environmental Management
Permits issued by EPA will expire in 1980 and must be
renewed upon expiration. NER issues permits on computer
evaluations involving such factors as federal effluent
guidelines, receiving water quality and mathematical
models involving the affected estuary or stream. Dis-
charges within areas of limited tidal flow are usually
very restrictive. Any discharges into waters designated
for "shellfishing" are very restrictive. In fact,
state computer analysis usually gives limitations that
are much more restrictive than the federal limitations.
Small handlers have generally been required to meet
a limitation of 15 ml/1 of settleable solids except
where this limit could damage water quality.



ve ed aade exacting e ffluent aeasureaents difficult.
v y 11 btained by grab samples althoughSamples vere usus y o

l sit samples were obtained for theproportions , coaposi
plants studie in e aid d d tail. Flow measurements were aade
using a bucket or a barrel and a stopwatch. Most plants
had several drains and accurate flow measurements were
not possible. Standard methods vere used for the analysis,
either A.O.A.C. or Standard Methods for the Examination
of Water and Wastewater.

Samples were preserved in ice during sampling. If
samples could not be run within 24 hours after saapling
vas completed, samples were f rosen.

RESULTS AND DISCUSSION

Approximately 134 seafood plants were visited during
this study. Accurate ef fluent data could not be obtained
from all plants and laboratory or pilot plant processes
were used to duplicate commercial ef forts.

Results presented include those for plants vhich
received more extensive investigations than a visit and
a grab sample. The results presented were obtained to
allow the North Carolina seafood industry to compare its
ef fluents with KPA limitations. Although the results
are as accurate as possible for the time period tested,
they should not be used for standard settings or regul-
atory analysis because seasonal, sixe and even technol-
ogical status are not identified.

Blue Crabs

Hand Pickin . Blue crabs in North Carolina are
largely processed by hand. Some 24 blue crab plants
vere surveyed. The average results for these plants
include the following:

Ayers e Waste Generated b Hand Pickin of Blue Crabs

PARAMETER PROCESS BAT
Cook/Pick Clean-up Total AV. MAX

Flow 43

Most plants had good practices in regard to solid
vaste and economical water use. However, management

14

TS
Ash
OS

BOD5
TSS
FOG

9.6
3.8

5.8
2.46

0.54

G.ll

0.3
G.l
0.2
0.04

0. 10

0.010

 gal./LOGO
30

rav crabs

9.9
3.9

6.0

2-5 .15 .30
0.64 .45 90
0.12 .065 .13

lb. raw crabs!
73



was observed to
clean-up wastes.
hosing was very
clean-up operati
to be effective
loads. Both BOD

be able to control cook waters and plant
Effective sweeping of solids before

effective in reducing waste load during
ons. Screening �0 mesh! was not found
in reducing crab picking plant waste

FOG and TSS exceeded the BAT limitations

Mechanical Pickin . Plants employing brine flotation
differ from exclusively hand picking operations in that
part of the meat recovery is accomplished mechanically.
Several plants use this equipment to recover meat from
claws. A large plant, also applying this technique to
cores  from which lump meat has already been removed by
hand!, was evaluated, but the data required confidential
handling. The following data applies only to claw picking
operations:

Waste Solids Generated by Mechanical Picking of Blue Crabs

B T
AV. MAX .Picking Clean-up Total

s. o waste so r s
47.8 48.8
42.0 41.9

5.9 7 0

3.5 8.9
2.6 7.4
0.6 0.6

2.5 5.0
6.3 13.0
1.3 2.6

Screening offers a promising method of reducing the waste
load going into the effluent, as indicated by the following:

Set tleable Solids in Crab Process ing
P'

ml f1!
12.0 58.0

7.0 13.0
Before screen
After screen+

*20 mesh  Tyler!

These results are not indicative of what one might expect
from a mechanical plant. These results were only for
the brine flotation separation type of mach ine used only
on cooked claws. However, the magnitude of waste load
from this operation indicates this sizable load will
contribute to the total waste stream from a crab plant,

Finfish Handling and Processing

Handlin : piniish handling is limited to unloading,
washing and separating ies, sorting and grading and re-
icing before shipping, Most of the wastes generated in
handling were observed to occur during the debris and
ice removal in the washing tank.

15

TS
Ash
OS
BOD5
TSS
FOG

s. o raw c aws
96.6
83.9
12.9
12.4
10.0

1.2



Field investigation.a were made at 26 of the finf i ah
hamdliag planta. Species included primarily flounder
croaker, trout, spot and bluefish. Average results
the rinse and wash tank include the following ~

Finf ish Handling - Rinse Tank

Was tewa ter Char acte r i s t i cs

arameter Maste Load

b 000 lb

Total solids

Ash

Organic sol i d s

IGO .01-1. 00

 gal/1000 Ib!

Wastewater 60-180

IOO from the rinse tank would be 251 agf1 «ith 0.23
lb. bOD/1000 lb. fish «nd 110 gal. «aste«ster/1000
lb. fish. Pinfish handling has not been defiaed by
EPh and limitations established ao plants are gen-
erally required to meet the 15 ml/1 of settleable
solids unless ~ster quality is threatened.

Much of the solids come from the scales removed
by washing. These solids were found to be easily
removed by screening with a 20 mesh screen. Results
from investigations indicated the following:

Removal of Settleable Soi ids by Screening

Mash Tank Kffiuents

�0 Mesh Screen!

Plant 1 Plant 2 Plant 3

 ml/1!

Raw Effluent

Screened

3.8

1.0

20.0 100 41

142.0
 Z!

5.7

86Removal 86

~VCV .

2.40

1.11

1.30

23

rancae

.8>-4.60

,53-2. 15

.34-2.44



During unloading, scales may drop of f and contri,bute
large amounts of settleable solids. Slime, blood and
sand are also a part of the wastewater problem. Zn
order to gain an idea of the maximum materials removed
from fish during unloading, we tried strenuous washing
and. measuring of vhat vas removed:

Sol ids Geinerated During Strenuous 'Mashing of Fi sh

Croaker FiounderTrout

�bs/1000 1bs fish!

6.56 4.o8 3. 20

4.o6 1.98 1.36
2.50 2.10 1. 34

TS

os

Ash

operations use hand labor to process primarily f].ounder,
trout and croakers. Some 13 plants vere surveyed
during these investigations.

Three plants in which flounder, trout and croaker s
vere being processed in the round or fillet were
studied in detail. These plants were processing betveen
715 to lOGO lb/hr. of f ish. The rav ef fluent from
these plants had the fallowing average characterist ics:

Raw Effluents From Finfish Process ing

BAT
Rinse Hechan ica 1 Fi 1 let 6
Tank Scaling Rinse ~Clean-U Tonal ~Av Max

f L01RI 544 318 1335

17

TS 2.08 4.74
Ash 0.37 2.03
DS 1.71 2.60
Tss 0.38 2.59
DS 0.71 1.85
coo 0 59 o.56
FOG 0.10 0.30

 lb 1000 lb raw fish

3.44 0.27
1.37 0.12
2.08 0,15
0. 86 0. 09
2.96 0.13
o.86 o.io
0.71 0.03

 ga1/1000 1b!

457 16

10.53

3.89
6.54
1.96 .73 1. 50
5.65
2.11 .58 0.73
1. 14 .03 0. 04



All the parameters exceed the BAT limitations ~
Raw effluents were screened through a 20 mesh screen
and although solids were separated, 'key parameters
vere aot reduced.

For the three plants studied, the average water
use was 1.34 gal./lb. raw fish processed. The BOD5
load was 2.ll lb./1000 lb. fish processed. Thus,
the BOD5 concentration of the rav effluent was 190
mg/l.

Smaller processors were permitted by NKR with the
15 ml/1 settleable solids limitation. These processors
were found to be using about 1.6 gal. of water per
pound of fish processed and were not having any trouble
meeting the settleable solids limitation.

Pilot plant trials were conducted with flounder,
trout and croaker to examine controlled processing
conditions. Even under controlled conditions, BAT
limi.tations were exceeded. Typical pilot plant re-
sults follow:

Pi'lot Plant � Croaker Processing

Raw Effluents

Processparameter

Rinse Tank ~Seal in Fillet S Rinse Total

Screened Ef f 1uen ts �0 Mesh!

TS
Ash
OS
TSS
DS
COD
FOG

TS
Ash
OS
TSS
DS
COD
FOG

 l bs

1.96
i.16
o.80
0.89
0-57
o.76
0.15

1,22
0,81
0.41
0. 15
0.57
0.34
0.14

of waste/1000

1.48
0.69
0. 79
1.40
o.78
0.95
0.18

I. 13
o.38
0 75
0.25
0.78
o.6z
0.14

lbs of raw material!

o.58
0.13
0.45
0.23
0.71
o.87
o.14

0.49
0.09
0.4o
o.i4
0.71
0.70
0.13

4.oz
1.98
z.o4
2.52
2.06
2.58
o.47

2.84
i.z8

1.56
0.54
2.06
1.66
0.41



Screening did improve the ~aste parameters.
For example, COD was reduced by 55X and TSS by 83

using the 20 mesh screen. However, field in-
vestigations were not conducted to confirm these
pilot investigations. However, even these im-
proved results did not meet the BAT standards.

Control of waste solids was observed to greatly
influence the wastewater characteristics. Of 29
planta surveyed, 9 sent their solids for dehydration,
l2 used their solids for bait and 8 disposed of all
the material overboard.

Composting of raw fish frames was tried as a
disposal method on a pilot basis. Grass cuttings,
pine straw, horse manure and soil were mixed and
composited six weeks. Then, raw fish frames were
added. Tbe fish frames were completely decomposed
within 4 weeks.

Oyster Processing

Field studies were done at 24 of the Horth
Carolina oyster processors. Extensive data was
collected at three plants. Waste parameters were
found to be as follows:

Parameter Processin 0 eration BAT

Heat
Shock Meat 61ow

 Unscreened! Tank Rinse Tanks ~Clean-U Total ~Ay nax

FLOW 2957

This unscreened data can be observed to note
that the FOG concentration exceeds the BAT standards
Most of the BOD �6Z! and the FOG �0Z! originate in
the blow tank s!. Therefore, efforts may need to be
directed at improving the wastes generated in this
process,

l9

BOD5
TSS
FOG
TS
Ash
05
DS

Effluents From ster Processing

lb 1000 b oyster meats

2.21 1.28 5.57 0.88 9.94
0.75 1.16 2.58 0.56 5.05 16.00 23.0
0 42 0 11 0 62 0 09 1 24 .77 1.1

11.43 5.74 36.53 5 66 59.36
5.99 1.60 32.45 3.07 43.11
5.44 4.15 4.08 2.59 16.26

10.74 3.06 31.73 3.52 39.05

 9a1/1000 lb oyster meats!
705 184 1875 193



hbout 3000 gallons of effIuent vould be produced
with about 10 poun s o10 d f BOD . Rav ef fluent BODg vould

5
be about. 400 mg/I.

L' ted screen testing vas done vit h a 20 meshl.m1 v d bAlthough some materials vere remove yscreen. u trials did notthe screens, data taken during screen tria
indicate a reduction in «aste parameters.

Shr imp Processing

The shrimp category received Iiaited attention
due to the nature of the shrimp indus try in Nor th
Carolina. Processing consists of onl.y heading,
packaging and freeaing. Laboratory trials vere
run to establish the performance level for shr imp
processing. Shrimp were headed and mashed in the
laboratory vith the following results:

Labor~atParameter
Av

25.0
8.S
2.B

�.0
3.4
1.1

During the laboratory studies, the shr imp were not
washed before heading and the heads and shrimp vere
not vater flumed. Plants that wash the shrimp as
they are received and water flume e ither the heads or
shrimp vould expect higher parameters. Limited
studies with a 20 mesh screen did not indicate im-
provements in the parameters.

The BOD vas found to be 4.79 lb./100G lb. of
shrimp processed vhich would be contained in 333
gal. of vater. The rav effluent would have a BOD~

1724 mg/l. Of course, many plants would use
more water than used in these laboratory studies
and the concentration would be reduced .

Scallop Processing

Field studies vere conducted at a number of
scallop processing plants in North Carolina. When

eoO>
TSS
FOG

TS
Ash

OS
DS

Laboratory Shrimp Processing Kf fluents

�b/10OO 1b rue shrimp!

1. 22

O. 33
8.83
S.46
3-36
8-39

 ga1/1000 1b!
333



raw material.s have been available, Nor th Carolina had
9 mechanical shucking houses and about 30 hand shuck-
ing operations for scallops. Twelve plants were ex-
amined in these investigations.

The data presented will focus an the 3 mechanical
shucking houses which received extensive investigations
These scallop operations operated at 100 � 300 bu./hr.
Results for two types of operations follow. The first
is for a pled that has extensive fluming and does not
control water use or wastes. The second is for a
plant that does effectively control water use and
wastes. 1n fact, a 300 gal. settling tank was used
to separate gross solids. BOD was not run during
the investigations and the BOD's used the assumption
that BOD5 = 0.4 OS. Using this assumption, the plant
with the controlled water and waste practices had a
76Z reduction in BOD5 load when compared with the
load from the uncontrolled plant.

Sea scallops are larger than calicos and water
use for calicos is about 1.5 times the water use
for sea scallops. The waste load from sea scallops
was about 30% of the calico waste load in the plant
with uncontrolled water use and waste.

Raw waste effluents ranged from 7,000-15,000
gal./1000 lb. scallop meats. Waste loads ranged from
about 75-340 lb. BOD/1000 lb. scallop meats. Effluent
concentrations ranged from 700-2700 mg/I BOD5.

The effluents from scallop operations would vary
widely by species and scallop maturity. Calicos re-
quire 1.75-3 bu./gal. meats  8 lb.!. Sea scallops
require 1.0-1.25 bu./gal. meats  8 lb.!.

Webb, et al,  8! reported the following
relationships for scallop yield:

4.5�

15.7 � 28.5

62.1 � 79.2

3.1 � 3.6

Meat

Viscera

Shell

Ratio-Viscera/Meat
21

Screening was observed to be effecitve in reducing
the raw waste load. The organic load from shock tank
discharges could be lowered by 56Z by a f8 mesh screen.
Eviscerator effluent could have the organic load re-
duced by 80Z using a 48 mesh screen.



These ratios were found to vary seasonably in Horth
Carolina. Thus, over 3 lb. of viscera must be dis-
posed of for each pound of scallop meats. From the
field investigations, it was discovered that one also
gets 0.25 lbs. of mantle.

Thus, management must dispose of 3.25-4.0 pounds
of waste plus the shell  about 7 lb. ! for each pound
o f ac a l lop meats .

Effluent From Calico Scallop Processing
Using Mechani ca 1 Sys tem

Pa rarne te r

FLOWTS Ash OS BODProcess/Area
meats

Unloading/Washing 31
Shock Room 110
Evi scerat ion 965
G rad ing/Pack ing 112
Clean-Up 24
Tota 1 1242 15,000

Effluent From Sea Scallop Processing
Using Mechanical System

Pa rame te r

FLOW
Process/Area TS Ash OS 80D

sca op meats ga

13 4.2 8.9 3.5
18 14.0 4.1 1.6

268 100.0 194.0 78. 0
75 30.0 45.0 18.0
24 12 0 12.0 4 7

398 160.0 264.0 105.8

meats

10,470
Total

22

Unloading/Mashing
Shock Room
Evisceration
Grading/Packing
Clean-Up

sca op meats ga

31 28 11
82 28 ll

258 708 283
45 68
12 12 4.7

400 844 336.7

1,880
1,030
9,330
1,350
1 410

1,250
700

6,210
900

1,410



Effluent From Cal ico Seal lop Processing Using Mechanica I

System with Settling Tank and Controlled Mater Use

Parameter

FLOWProcess/Area TS As h OS BOD

meats

10,790

CONCLUSIONS

A. Most seafood plants in North Carolina had no
idea of their regulatory obligations to EPA
or NER when this project started in 1975.

B. The renewal of permits to BAT standards may
cause serious economic and technological
problems for the N. C. seafood industriea.

C. Good housekeeping measures and proper disposal
of wastes can help seafood plants avoid permit
violations.

D. Cooperation is still needed between regulatory
persons, seafood management and technical
process specialists to avoid mistakes and mis-
understandings and to eliminate unnecessary
economic hardships.

E. Manufacturers of screens and other control
devices need more information about seafood
effluents

F. Further design and commercial development is
needed for devices to control seafood wastes

G. The quality of raw material greatly influences
the effluents from seafood planta.

H. Continuing efforts are needed to transfer
pollution control technology to the smaller
seafood processors.

23

Washing
Shock
Evlisceration
Packing
Clean-up

13
92

145
22

17

289

00 sca op meats

7.5 5.0 2.0
47.0 44.0 I8.0
9.0 136.0 54.0

11.0 10.0 4.1

8.3 8.3 3.3

82.8 203.3 81.4

1,500
3,340
3,580
1,370
1,000
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Five day, biochemical oxygen demand
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Dissolved sol ids

Knvironaental Protect ion hgency  Un i ted States!

Fats, oil snd grease

North Carolina Departaent of Natural and Kconoaic

Resources

COD

DS

EPh

FOG

Organic solids

Total solids

Total suspended solids

OS

TSS

The information contained in this report was
coapiled from the results of a study funded by the
Coastal Plains Regional Commission c onduc ted f roa
September 1, 1975 until August 31, 1977 by Clark
Callavay and the staff of the NCSU Seafood Laboratory
located at Norehead City, N. C.
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SEAFOOD WASTE MANAGEMENT IN

SOUTH CAROLINA

T. C. Titus, Ph.D
Food Science Department

Clemson University
Clemson, SC 29631

The ma!or seafood commodities of South Carolina include:
�! shrimp, brown/pink/white primarily marketed heads off but
not peeled, plus some rock shrimp with heads on; �! blue crab
usually processed into pasteurized or shelf stable canned meat,
plus a relative minor proportion of basket/soft shell crabs;
�! oysters steam shucked for canning or hot water bath shocked
for fresh/fxozen distribution and �! whole fish marketed to deal-
ers with exception of dressed cat fish, swordfish and snapper.
Approximate annual landings and estimated processing wastes are
presented in Table 1.  C. Bearden, R. Dafler, R. Gault, G. Mag-
gioni, J. Powers, R. Rhodes, H. Simmons, personal communications!.

Geographical concentration of South Carolina's seafood pro-
cessing industry is shown in Figure 1.

An overview of seafood ~aste management prac.tices in South
Carolina is presented in the following commodity scenarios:

A. Shrim Processin Waste Scenario:
Annual volume of shrimp heads range from 1.S to 6 million lb.
 wet! with a long-run average of 2.7 million lb. Disposal
procedures that have been utilized/attempted include:

1. Municipal Landfill: Hauling of shrimp heads to a
burial site has caused public complaints because of
"drip" and/or odor along transport route, Some
municipalities have closed existing landfills to
shrimp processors because of this and other problems;
i. e., Charleston/Shem Creek area,

2. Grinding Into Municipal Sewer: Attempted at Charleston/
Shem Creek site, proved unfeasible due to plugging of
sewer lines precipitated by lo~ elevation, lack of
pumping station s! and capacity of municipal treatment
facility.

3. Land Application: Demonstration arranged at Hartsville
in 1978 but not completed. Concept was to parallel
procedures reported by Costa and Gardner �! to evaluate
the impact upon South Carolina soils.

4. Dried Meal: Shrimp heads were dehydrated and ground
to a free � flowing meal, Approximate analysis of
finished product is presented in Table 2. Economics
of collection and transportation to a centralized
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Estiaated

X
IJaete

l
Processed~Cmmad it

lb.lb.

2.25 MM45l. Shrimp

�.5!� Mhite

�.2!-Bravo

 <0. 01!

�. 3!

95 52 � solid � 4.94 MM2. Crabs, Blue

35 lfquid 3.33 MM

3. Oyster Meats

85/U.S.bu. shell � -15.6 MM100steamed meats

63.6 � � -- � liquid � --0. 7 MM

I/SN/Sother shucked 0.1 MM 100

4. Fish M/S

catfish 100 40 84 M

*
8 MM lb. landed ~ 2 M lb. purchased out-of-state and processed in-sta«

0*
3.18 lb. raw meat/U.S. bu.; 36.42 yield vhen steamed.

Table lt Approximate Annual Landings and Estimated Mastes
from Seafood Processed in South Carolina

Approx.
Annual

~~in'

1.5 MM

**
1.1 HM

3.7 MM

D. 21 MH

Approx.
Annual

Haste
Voluae



Table 2.' Composition of Shrimphead Meal from ophite Shrimpl
Landed in January at Charleston, S.C.

gluino Acid~er 100
Mois ture  g!

Fat  g!

Crude Protein  g!

Ash  8!

9.36 Ly sine

Bistidine

Arginine

Aspartic Acid

2.25

7.38

56.77
0.75

2.50
25.52

3 79
Minerals

3. 61 1.54

0.85 1.58

2-30 5.70

7.47 1.92

3.040.45

2. 622352

0.1754

1.92170

0.87

1.54

2.79

1.46

4.62

1
Grade Count: 50-70.

2
not corrected for chitin nitrogen; Calc. as Total N x 6.- 2
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p 0  g!-phosphate

K 0  g! -potash
2

Na  g!

Ca  g!

Mg  g!

Fe  ppm!

Mn  ppm!

Zn  ppm!

Cu  ppm!

Threonine

Serine

Glutamic Acid

Proline

Glycine

Alanine

Half Cystine

Valine

Methionine

Isoleucine

Leu cine

Tyros inc

Phenylaline



dehvdration site vas not favorable and conf ounded
by seasonal availability and potential quality
variability that vould not seriously attract the
attention of potential poultrv ration processors.

5. Holding Ponds: Not being utilized; limited land
availability and/or proximitv to residential/resort
areas precludes adoption by most shrimp deheading
operations not having a disposal solution.

6. HPDKS Controlled Dumping: State NPDES permits have
been issued to several shrimp debeading operations
to dump at designated vater areas in the vicinity
possessing adequate depth, flow and/or marine life
to adequately absorb the solids and/or have a beneficial
impact upon the surrounding eco-sys~. The S.C.
D.H.K.C. HFDES program should be cosssended for its
approach and regulatory efforts in this area. How-
ever, the participating processors have found the
barge/boating procedures to be time and labor in-
tensive, and it does not offer an all-weather solution.

7. Deheading Aboard: Very fev S.C. shrimp are landed
that have been deheaded aboard the troller . Tradition
and a "psychological fixation" that deheading shrimp
is a demeaning task seem to prevail with many S.C.
shrimpers. This author would like to see more dock
operators promote deheading shrimp aboard the boat
with price premium. Exceptions in the event of heavy
catches and/or more than 50 count shrimp  approx. 13X
of catch! should be considered. Even if small shrimp
and heavy catch exemptions constituted 20X of the
landings, up to 80X of shrimphead disposal problems
�.8 out of 2.25 M lb.! could theoretically be elim-
inated in S.C. Some regions of North Carolina have
demonstrated the feasibility of deheading aboard.
Secondly, the future development of light weight deck
deheading units may eventually make dock side deheading
no longer practical for the industry.

8. End-of-dock-dumping: No comment

B. Crab Processin haste Scenario:Annual Blue Crab landings range from 6 to 10 million pounds live
weight. Of this catch, approximately ~ 5 are picked and packed
as commercially sterile canned crab meat by a single firm. The
same firm annually purchases an addit.ional 1 to = million pounds
of live crabs from outside South Carolina. T'his leaves approx-
imateli 50X of the S. C. catch which yields about 3. 5 million
pounds of crab p=ocessing wastes {l.» .P, lb. steep water/2,1 MN
lb. of shel' scrap! hv a half-dozen, or less, other processors
marketing pasteurized,"resh crab meat, T,~fs author estimates
the remaining 5» of the state's ca ch en:ers The "non-vaste"
basket-crab market.



1. Dried Meal. Over half �5-65X! of South Carolina
crab processing waste is generated at a single plant
and converted, on-site, to 9-12/ moisture crab meal
before distribution as an animal ration ingredient.
Steepwater, formed during pressure steaming, and
mechanical picker separation brine is also treated
on-site with a packaged activated sludge plant prior
to discharge into a municipal sewage collection system.

Studies are being initiated to evaluate "Closed-
Loop" discharge abatement systems to minimize brine
and steepwater discharges, which will be the topic of
a later presentat.ion at this conference.

2. Septic Tank: Steepwater from one new crab processing
facility, steaming 2000-4000 lb. crabs/day, is
anaerobically digested through two 1000 gal. septic
tanks placed in series and connected to a conventional
drain field. A 4'x4'x4' underground solids pre-
settling tank is located ahead of the septic tanks.
Six months of continuous operation has been trouble-
free for the total system. Septic tank pump-out
service is scheduled annually.

3. NPDES Controlled Dumping: Similar arrangements are
provided for crab scrap as for solid shrimp processing
wastes outlined above. Permits are administered by
South Carolina  S.C.D,H.E.C.! and the wasres are
barged/boated to approved water areas possessing
adequate depth, tidal flow, etc. Again, the pro-
cedure is expensive, labor intensive and weather
dependent.

4. Landfill: Minimal utilization by the S,C. crab industry.

C. ster Processin Waste Scenario:
The equivalent of 1.3 to 1.6 million lbs. of oyster meats are
harvested annually according, to S.C. Dept. of Wildlife and
Marine Resources  Table 1!. Of this, the author estimates 1.2
million lb. represent oyster meats that are processed, the re-
maining harvest being marketed in-shell. Of the oysters pro-
cessed, approximate yly 1.1 million lb. or 92X, are steam shucked
and canned by one firm. The rest are usually water shocked,
hand shucked and marketed fresh/frozen.

Most of the oyster shell from commercial shucking is
returned to t e oysterd h t r beds for clutch as mandated by state
law �5 bu. shell/acre of leased ground!.

Excess mud is norma y wally washed from the "cultch oysters" as
hydrolytica y usll fl hed from barges/truck dumping platforms or
sack/basket dump stations when received.

Oyster steaming s eepteepwa ter is estimated to total 260, 000
gallons annually. Evaluation o f a "Closed-Loop" recoverv system
to eliminate this isc arged' h ge and mechani.cal shucking brine
ef fluents needs to be initiated.
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D. Fish Processin Waste Scenario:
hpproxisLately 3.7 million lb. of finfish are landed annually
in South Carolina. Approximately 95K of this catch is market-
ed vhole or dressed/gutted at sea. the major exception being
the freshvater catfish industry vhich buries Sc,000-85,000
lb. of solid vastes annually.

l. COSTh, S. and B. GhRDNKR. 1978. A Nev Look at Old Fertilizers�
shrimp and crab processing vastes. Oregon State University,
ORE"-WTL-7 8-001.



SEAFOOD DISCHARGES AND
SOUTHEASTERN ESTUARINE ENVIRONMENTS

Keith W. Gates, Brian E. Perkins,
Jackie G. EuDaly, Amanda S. Harrison

and Wayne A. Bough*
The University of Georgia
Marine Extension Service

P.O. Box Z
Brunswick, Georgia 31$23

INTRODUCTION

A study to determi.ne the impact of seafood packing
and processing effluents discharged to southeastern es-
tuarine waters was conducted during July and August of
1979  Figure 1! . The study concerned the effects of
effluents on two estuarine systems:  i! a relatively
undeveloped area consisting of three small estuarine
creeks, two of which are normally exposed to seafood
packing by-products  Figure 2!, and  ii! a large commer-
cially and industrially developed estuary that receives
effluents from a seafood processing plant and three
packing houses  Figure 3! .

Fishing boats offload their catches at packing
houses, where the seafood is washed, sorted, packed in
ice, and held for shipment to wholesale and retail out-
lets and seafood processing plants. Most fresh products
are shipped on ice with little further processing.
Shrimp are normally headed at sea if time permits, but
during the peak harvesting periods, at least part of the
catch is brought in to be headed at the packing houses.
A typical packing house employs up to 20 people, handles
1,000 to 1,500 pounds of shrimp per day  of which 60% to
70% were headed at sea!, and discharges from 1,500 to
9,000 gallons of effluent �7! . Seafood processing
plants are much larger operations, employing several
hundred workers to manufacture cooked, breaded, and fro-
zen products. In contrast to packing operations, sea-
food processing plants utilize between 10,000 and 30,000
pounds of shrimp and generate from 100,000 to 300,000
gallons of effluent per day �7!.

~Present Address:
P. O. Box 1837 S.S.S.
Springfield, Mo. 65805
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developed Estuary

FIGURE 1. Study Areas.



FIGURE 2. Undeveloped Estuarine System.
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Although 1979 was a good shrzmping year, most of
Georgia's summer harvest was headed at sea, resulting in
little or no activity at the packing houses. During the
project, the only kn~ effluent discharged into the un-
developed estuary resulted from the heading of a single
boatload of rock shrimp by a packing house. However,
in July and August the processing plant discharged into
the developed estuary approximately 215,000 gallons of
effluent per day from shrimp thawing, peeling, sorting,
and cleaning operations  any breading remaining after
dry clean-up, wash-down water, and domestic sewage were
discharged to the municipal sewage plant! . The effluent
passed through a hydro-sieve screen which removed shrimp
hulls and other solids larger than 0.02 inches in dia-
meterr.

MATERIALS AND METHODS

Eight sampling stations  including two contol stat-
ions! in the undeveloped estuary  Figure 2! and seven
stations  including one control station! in the developed
area  Figure 3! were established upstream and downstream
from the seafood packing and processing facilities.
The three control stations were considered isolated from
chemical and microbiological effects at the effluent dis-
charge points. A total of four sampling trials were
completed in each area. High and low tide, temperature
salinity, dissolved oxygen, pH, turbidity, ammonium nit-
rogen  NH4-N!, and biological oxygen demand  BOD! levels
were determined for surface and bottom samples taken dur-
ing July and August �,2,9,11,19!. Surface water and
effluent grab samples were collected in conjunction with
the former samples to enumerate MPN fecal and total coli-
from. aerobic plate count �0C and 35C!, and marine agar
plate count �0C! organisms �,5,16! . Data generated
from the four sampling trials in each area were statis-
tically analyzed  analysis of variance, significant at
the 0.05 level! to determine any significant differences
between areas, from sampling to sampling within each area,
and to evaluate the impacts of sampled seafood effluents
on receiving estuarine waters �4,15!.

RESULTS AND DZSCUSSIONS

The less developed estuarine system has the follow-
ing characteristics:

 a! is composed of three estuarine creeks
 Figures 2,4,5,6!, the Duplin River
 receives no seafood effluents!,
Shellbluff Creek  receives discharges from
two packing houses!, and Cedar Creek
receives effluent from one packing house!;
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 b! drains a proportionally greater area of
marshland than the commercially developed
location;

 c! experiences less complete tidal flushing
than the developed area;

maintains lower oxygen values than in the
developed estuary, although mean dissolved
oxygen values were never found to be less
than 3.0 mg/1;

maintains natural BOD loads greater than the
control levels in the developed area;

was microbiologically "clean", with median
coliform levels �4 organisms/100ml!
qualifying the estuary as a shellfish
growing area �0! .

 d!

 e!

41

Georgia's highly productive estuarine waters nor-
mally contain substantial concentrations of dissolved
and particulate organic materials �3,18! . Further,
naturally occurring shallow estuarine sills that reduce
water exchange rates are common to the Georgia coast in
river mouths which have not been channelized or dredged
for navigation. Shallow sills at the mouths of the un-
developed estuarine creeks under study reduced tidal
mixing and apparently resulted in increased organic
loads at the packing house basins and upstream sampling
stations During seven of the eight sampling trials,
the packing houses were not operating. Thus the chem-
ical and microbiological data which are presumably at-
tributable to natural leaching of organic material from
marsh vegetation and soils can be considered baseline,
reflective of natural conditions.

The estuary's ability to absorb organic by-products
was estimated from the measured impact of the single
packing house effluent sample collected during the study.
The effluent BOD load �21 mg/1!, NB4-N concentration
�79 qg/1!, ~nd aerobic plate count population at 35C
� 35 x 10 org/ml! were shown statistically to be
significantly greater than noted in the estuarine
receiving waters  Tables 1, 2!. Only the NH4-N level
was significantly elevated at the discharge point, and
its concentration was dissipated within 500 to 1,500
yards of the packing house. Total and fecal coliform
levels in the tidal creek receiving the packing house
effluent were not significantly greater on the day of
the discharge than the populations enumerated for three
sampling trials when the house was idle. The actual
reserve capacity of the undeveloped estuaries to accept
additional seafood packing plant effluent loads could
not be estimated from a single sample. Additional sam-
ples collected from packing house effluents and receiv-
ing waters at normal operational levels would be required
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to correlate last summer's baseline data with levels gen
crated at full. production.

In contrast, the deve loped area has the fol. Lowing
characteristics:

 a! receives the discharge f rom one large seafood
processinq plant at the Brunswick River and
the effluent from three pack ing houses on the
East: River {Figures 3, 7!;

 b! is a large, well-mixed estuary that e ffect-
ively dilutes most seafood processing
effluent parametes at Low tide within 0. 5
miles of the plant;

 c! is characterized by better water quality with
seaward movement;

 d! has a deep basin approximately 0. 5 miles
upstream from the processing plant that
intermittently traps organic materials during
flood tides, causing increased organic loads
at the station;

exhibits greater microbial populations at
lcwr tide than high tide, and greater numbers
of organisms than the undeveloped area;

{e!

has higher mean HH4-N levels than the
undeveloped estuary;

maintains higher dissolved oxygen concen-
trations than the undeveloped area;

supports fecal coliform levels within Georgia
EPD limits for recreational use at all
stations, except the location l00 feet from
the seafood processinq plant discharge
pipe �! .

 g!

The peeling, sorting, thawing, and cleaning oper-
ations, in a seafood processing plant discharge a dailY
total of 215,000 gallons of effluent, characterized as
follows:

x 10
5

X 1015
101l
lpll

x 10

Although BOD, NH<-N. and microbial levels were
signi.ficantly greater in the ef fluent than the recei vinq
waters, much of the ef fect was rapidly dissipated
{Tables 3-10! . BOD loads increased by approximateLY

SOD   pounds!
Suspended Solids  pounds!
NHg-I  pounds!
Aerobic Organisms, 20C
Aerobic Organisms, 3SC
Narine Orqanisms, 20C
Total Coliforms
Fecal Coliforms

i9i
161

1.34
1.0B
1.0B
7.66
5.45
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1.0 mg/l at the discharge point in 401 of the samples
collected, returned to normal levels 0.5 miles dovn
stream during ebb tides, and occasionally decreased less
rapidly 0.5 miles upstream at a deep basin during flood
tides  Figure 4! . Nean dissolved oxygen values never
dropped belov the Georgia EPD 3.0 mg/1 minimum vater
quality standard <6! . NH4-N di spersion vas less rapid
and more intermittent than the other parameters, vith
levels at the discharge point elevated significantly in
50% of the samples. Bottom vater samples from the basin
shaved elevated NH4-N concentrations in 75% of the sam-
ples. Total coli form levels of the vaters receiving
processing plant effluent in July and hugust vere sign-
ificantly greater than the populations determined 0.5
miles upstream and dovnstream from the discharge point
 Tables 4, 6, B, 10! . Leer tides rapidly di luted micro-
bial populations seavard of the discharge point �5%
of the samples had significantly greater populations
than surrounding vaters!, vhi le flood tides led to the
entrapsaent of microorganisms in the upstream basin
during July and August samplings  Tables 6, 10! .

The recent proposal by the U. S. Rnviroreantal
Protection Agency  Pederal Register Vol. 42, Ão. 2, Jan-
uary 3, 1980! to include asssonia in the toxic pollutants
list �977 Amendments to the Clean lCater hct, 33 U.S.S.
12%i etseq.! could have a serious i~act upon the sea-
food processing industry. Pollutants listed as toxic
under section 307 a! are not eligible for vaivers from
Best Availble  BAT! standards based on vater quality
[section 301 g! ! or economic f section 307 c! ] grounds.
Listing of a pollutant under section 307 may also affect.
the date by vhich ShT requiress nts are to be met and
could l.ead to the ima diate establishment of effluent
standards under section 307. NH3 leve ls vere estimated
fram NH4-I determinations completed during monitoring
of the estuarine stations and packing and processing
discharges using Bover and Bidve1 1' s   3! calculations.
as re ferenced by Federal Register {Tables ll, 12!-
tentative KPA guideline of 20 vg NH3/1 vas not exceeded
at any station in either sampling area. The packing
house effluent {5.75 qg HH+lj vas veil belov the EPh
guideline  ' Table 11! . The processing plant discharge
exceeded asssonia guidelines, vith NHq concentration~
ranging fram 39.11 to 75.23 yg/1  Ta6le 12! . The max-
imum NH 3 leve 1 at the p l an t di scha rge po i n t reached
10.78 gg/1 for bottom vater samples. Stations
miles and 2.75 miles dovnstream from the processing
plant approached and exceeded the discharge point N 3
levels, vith concentrations of 10.6B and 18.04 qg >" 3~ '
respectively  Tables ll, 12! . Both stations vere locat
ed in areas of strong tidal currents, exposed to vigor
ous tidal mixing with oceanic vaters, and influenced
little by the processing plant, as determined by
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monitored parameters, indicating at least occasional
high natural NH3 levels in Georgia's estuarine waters.

CONCLUSIONS

Measurable, statistically significant differences
in a number of monitored chemical and biological
parameters were determined between seafood packing and
processing effluents  that included peeling, sorting,
thawing, cleaning, and heading operations! and the
receiving waters of developed and undeveloped estuaries.
Generally, the effects were short lived, and rapidly
dissipated with tidal flushing. Shallow sills and
deep basins reduced tidal exchange and led to increased
organic loads even in areas that did not receive sea-
food wastes. Georgia's coastal estuaries normally
carry a high particulate and dissolved organic load from
the natural flushing of vast., highly productive coast-
al marshes �3, 18! . Calculations converting the sea-
food processing plant's daily BOD load �94 pounds! to
a given weight of organic material  in terms of glucose/
glutamic acids, 1:1! produced daily organic load values
equivalent to the organic material discharged from a
302 m plot �7 feet x 57 feet! of salt marsh per day
�, 13! . The impact of small packing houses and pro-
cessing plants discharging only seafood wastes  not
breading or sewage! is small when compared to the es-
tuarine organic load. Natural NH4-N levels  8! and
calculated NH3. levels in marsh runoff waters �028 yg/
1 NH4-N and 20.4 pg/L NH3! were the same order of mag-
nitude as the mean range of NH4-N �616 - 2649 pg/L!
and NH �9 � 75 qg/L! concentrations in the seafood3.
processing plant discharge, and both exceeded ZPA's
proposed 20 pg/1 NH3 maximum guideline. In addition to
a normally large organic load, Georgia's estuaries ap-
pear to have a great, assimilative reserve capacity for
organic materials, as indicated by three 1976 studies
conducted at stations in the developed estuary �, 7,
12!. 1976 was an above average shrimping year �0!,
the packing houses in the developed estuary were oper-
ational, and the BOD load  900-3400mg/1! from the en-
tire processing plant operation was being discharged
into the estuary  compared with a pxesent BOD load of
225 � 295 mg/1! . River BOD levels near the present
discharge pipe �00 feet from the previous discharge
point,! that ranged from 3.2 - 5.2 mg/1 were within the
1979 range of 0 ' 9 � 13.3 mg/1 �2! . The mean BOD value
at the basin 0.5 miles upstream from the plant �.93 mg
/1! was slightly greater than the previous study's
mean value of 1.84 mg/1, but the ranges, 1.10 � 5.70
mg/1 and 0.59 � 6.50 mg/1, respectively, were similar
�! . The results indicate relatively stable biological
oxygen demands at different processing loads. Dissolved
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oxygen values determined during 1976 were within Georgia
Department of Natural Resources standards �, 7! .

The environmental impact of current seafood process-
ing wastes on Georgia's estuaries appears to be minimal
when compared with the natural organic load. One large
estuary demonstrated a high residual capacity to receive
processing effluents without significant change. Prob-
lems could develop from the entrapment of organic wastes
in basins, and further study durinq periods of normal
packing volume is required. BOD and NH4-N levels in
processing wastes were shown to be greater than  but
the same order of magnitude as! natural runoff from
marshland. Calculated natural NH3 levels in marsh run-
off exceeded the proposed EPA guideline of 20 qg NH3/1
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SEAFOOD WASTE MANAGEMENT IN FLORIDA

W. Steven Otwell.
Department of Food Science and Human Nutrition

University of Florida
Gainesville, Florida 32611

FLORIDA SEAFOOD INDUSTRY

In. 1979, Florida fishermen landed over 163 million pounds of
seafood with a dockside value in excess of L24 million dollars �!.
This annual harvest ranked eleventh in total production and sixth
in total value amongst the seafood producing states  Tables l and 2!.
F
This level of production is very substantial when noti thatng
lorida does not harvest large quantities of menhaden and tuna which

are characteristic of the more productive states. Also, the average
dockside prices in Florida are consistently higher than in most
states because Florida waters produce a larger proportion of high
valued species. Preliminary statistics for 1979 indicate there
were at least fourteen Florida seafoods with a dockside value in
excess of one million dollars  Table 3! . Presently there are over
75 commercially i~portent seafood species harvested in Florida

Primary reasons for valuable seafood productivity in Florida
are the unique geographic features and location of the state. The
extensive Florida coastline, in excess of 1,350 miles, touches two
major bodies of water, the Atlantic Ocean and the Gulf of Mexico,
and extends through two temperature zones. Within the state, there
are over 30,000 lakes, 17,000 rivers and streams, and 200 springs.
One major freshwater system, Lake Okeechobee, supports a maj or
freshwater fishery. Thus, the extensive land-water interface com-
bined with warm climates yields a very productive and diverse seafood
industry, but. for these same reasons, waste management in Florida
is a large and diverse problem.

FLORIDA WASTE MANAGEMENT REGULATION

The Regulatory scheme for waste management in Florida is
confused by a varietv of state and federal agencies with similar
responsibilities and overlapping jurisdiction. Currently, Florida
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TABLE l. U S. SEAFOOD PRODUCTION BY STATE IN 1979

Million Pounds

Louisiana

Al aska

3. Ca 1 i forni a

1,529

899

4. Vl rglnl d

5. North Carol ina

6. Mississippi

7. massachusetts

8. Naine

9. Neo Jersey

10. Mashington

'l l, F 1 or i da

12, Oregon

Hi 1 1 ion Dol 1 a rs

Alaska

"alifornia

3. ' ou!siana

4 Hassachusetts

5. Texas

~ 6. Florida

7. Mashington

'o'lrgknla

~>np

lO, :regon

Car ol ina

'ilaw- 'er sey

TABLE 2. U. S. SEAFOOD VALUE BY STATE IN 1979

728

573

390

384

375

232

189

170

163

128

597
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water resource management programs are being administered by the
Department of Environmental Regulation  DER!, Water Management
Districts, Department of Natural Resources  DNR!, Department of
Health and Rehabilita.ive Services  HRS!, Department of Community
Affairs  DCA!, Regional Planning Councils, Department of Agricul-
tural and Consumer Services  DACS!, the U. S. Army Corp of Engineers,
and the U. S. Environmental Protection Agency  EPA!. The most
direct regulation of water use in Florida has been divided between
two main authorities. The Florida DER is responsible for regulating
water quality as influenced by domestic and industrial wastes, and
the Water Management Districts regulate the quantity of water used
in their respective regions. This statutory division of responsi-
bility overlooks the fact that regulation of water quality and
water quantity relative to waste management are not mutually ex-
clusive. The results can be duplication of expenses, complicated
permitting, and a general prolonged regulatory process.

Actual waste treatment requirements pertinent to the Florida
seafood industry are promulgated in Chapter 17-6 of the Florida
Administrative Code. Florida has adopted the EPA effluent guide-
lines and standards set forth in the U. S. Code of Federal Regulations
for Effluent Guidelines and Standards for Canned and Preserved
Seafoods. These existing and changing federal regulations will
apply to all new and existing Florida seafood processing operations
which discharge conventional and/or toxic pollutants, and will
provide pretreatment standards for processors discharging ta
publicly owned sewage treatment facilities. Florida has not been
approved by EPA to administer the issuance of direct discharge
permits under the National Pollutant Discharge Elimination System
 NPDES! program. All NPDES permit applications must be filed with
the regional EPA office in Atlanta, Georgia, and a duplicate appli-
cation must be sent to the Florida DER for comment. The Florida
DER reserves the authority to determine if the discharge guidelines
in any permit could be detrimental to the current water classifications
established by State Water Quality Standards. This means the Florida
DER has the authority to impose discharge guidelines which are
more stringent than permissible in federal effluent limitations of
the NPDES permits. Thus, the process for direct discharge permitting
in Florida can be confusing, requires duplication, and is time
consuming.

Permitting for water consumption can also be a major obstacle
for Florida processors. The Water Management Districts, which
were initially authorized in 1972 and reorganized into five separate
regions in 1977, have the authority to require consumptive use
permitting to control water quantity as needed in their respective
regions. Water is a threatened resource in many regions of Florida,
and future projections indicate an ever increasing demand for water.
In the 1980's, Florida's population should grow to exceed 12 million
residents, making Florida the fourth most populous state in the
Nation. The steady influx of new industries due to energy consider-
ations will continue, and the annual visits by tourists will exceed
32 million. This increasing competition for Florida's limited water
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resources will boost the importance of consumptivensump ive perm tting.
Future use of water for seafood processing may req i t png may requ re extra per-
mitting and costs.

In a recent outlook for Florida in the l980's, Hr. Jacob Varn,
Secretary of the Florida Department of Environmental Regulations,
stated that current resource management is a "cumbersome I" um ersome, comp ex,
time-consuming, costly, uncoordinated program for the State of
Florida" �! . Likewise, the Florida seafood industry could view
this accumulation of authority as bloated bureaucracy which offers
little reason or incentive to comply with the regulatory process.

PROCESSORS PRESENT SITUATION AND FUTURE IMPLICATIONS

Currently there are over 400 individual seafood wholesaling
and processing operations in Florida which generate an average
annual seafood value in excess of 234 million dollars  L!. These
operations are scattered along the coast of Florida depending on
the regional production of the various seafood species. As pre-
viously mentioned, species diversiry is a unique feature of the
Florida seafood industry. Likewise, there is diversity in the
levels of processing per species. Some shrimp processing operations
in Florida are the most sophisticated and largest of their type in
the world, but wi.thin the same county a small 'cottage' type processor
could be handling the same initial raw product. Regardless of
their size, all seafood processors in Florida are concerned with
waste management in the 1980's. Processors with the most innnediate
concern are those processing shrimp, blue crabs, oysters, scallops,
and certain fish species.

~Shrim  Penaeus species!

Approximately 60 percent of Florida's shrimp landings are
recorded along the southwest coast. Nost of Florida's shrimp
processors can be divided into two groups, non-breading and breading
operations. The non-breading operations are usually located in
less populated coastal regions near Jacksonville and Cape Canaveral,
or in remote areas of the panhandle region or Florida keys. Nost
breading operations are located in major metropolitan regions like
Tampa, St. Petersburg, and Niami.

Both operations handle raw headless and heads-on shrimp, and
use machinery for heading and peeling. The primary waste product
from these operations are shrimp shell. The amount of shell gen-
erated will depend on the quantity of headless, peeled, and deveined
shrimp produced. Purchasing headless shrimp can reduce the shell
waste, but shrimp deheading at sea varies depending on the size of
the shrimp and the work load as determined by harvest volume. A
typical non-heading operation could handle 60 to 80 percent heads-on
shrimp, whereas a breading operation could handle 20 to 30 percent
heads-on shrimp.

In compliance with permit regulations, most larger shrimp
processors typically employ some form of screening to remove shmove shell
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and larger pieces of shrimp meat, and the remaining waste water is
directed to the nearest municipal waste treatment facility. The
recovered solids are loaded in dumpsters and deposited in city
dumps. A few processors collect solids in large, underground set-
tling tank which is periodically pumped to remove sludge. Most
breading operations practice some form of in-plant maintenance or
dry clean-up to prevent solids from entering the waste water. The
recovered breading, batter, and shrimp bits are distributed as feed
for local hag farmers.

Smaller shrimp processors and operations located in more remote
regions are not always aware of permit requirements and direct dis-
charge of shells is not atypical. Despite some practices of direct
discharge, there have been no documented cases of water quality
deterioration in Florida which resulted due to shrimp processing.
In fact, processors in remote regions argue direct discharge is
bioenhancement and they are more concerned with the problem of
water consumption. This is especially true in the Florida Keys
where processors have been forced to install systems for salt water
utilization because of the scarci.ty of fresh water.

In the future, waste treatment regulations which have been
implied in the recent EPA contractual study �! will be economically
overburdening to the shrimp industry in Florida. This EPA study
recommends chemically optimized dissolved air flotation  DAF!
treatment for pre-screened waste water generated by non-breaded and
breaded shrimp operations. The DAF implimentation date of existing
operations is in 1984, but new operations will have ta comply im-
mediately. Although an economic rebuttal is beyond the scope of
the paper, simple observations will indicate that DAF treatment isnot possible for mast of the Florida shrimp industry because of the
lack of available land for construction of such facilities adjacent
to the major processing operations.

Currently, the shrimp industry in Florida and throughaut the
southeastern United States is severely depressed. One of the primary
reasons for this economic depression is the rising cost of diesel
fuel. Harvesting shrimp is an energy intense operation. Without
fuel subsidy, the shrimp industry must continue to adjust to inevit-
able increasing fuel costs. More stringent waste regulations could
pose the additional financial burdens which will destroy various
segments of the southern shrimp industry,

Blue Grabs

The distribution of blue crab processors usually coincides
with the regianal landings of whole crabs. Most Florida blue crab
processors are located in the rural regions of the Panhandle, the
Big Bend area, and along the northeast Atlantic coast. Theseprocessors are typically small scale handpick operations with highly
variable production schedules. Some blue crab processors do not
handle enough crabs to exceed the exemption limit for conventional
blue crab praduction which requires compli.ance wi.th EPA effluent
guidelines.
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Since most blue crab processing plants are located in relatively
low populated regions, municipal waste water treatment facilities
are not available. Host crab processors are not aware of the dis-
charge permit requirements. Only a few processors have been
issued a NPDES permit, but direct discharge of raw blue crab wastes
is rare, Solid wastes, primarily the inedible shell and viscera
remaining after handpicking to remove meat, is collected in dump
trucks for various uses. Some processors have the raw waste disked
into fields as a crude fertilizer for crops or tree farms. Some
processors have used raw crab waste as a feed for catfish farms,
and other processors rely on disposal in local landfills.

The small quantity of wastes that are generated by Florida
blue crab processors does not warrant more sophisticated methods
of treatment. Previous attempts to establish a centralized crab
meal. plant in the Panhandle region failed because it was economically
impractical. Similarly, economic studies have indicated that the
production of chitin/chitosan from crab shell could be a question-
able venture in Florida �!, The feasibility of crab meal or
chitin/chitosan production is even more questionable as cost for
fuels continue to increase.

Future waste treatment regulations for the blue crab industry
could require the use of chemically optimized DAF for mechanical
blue crab processing. These requirements, which are implied in
the recent KPA contractual study �!, would seriously threaten blue
crab production in Florida. Presently, Florida blue crab producers
are considering increased mechanization due to decreases in avail-
able labor. The productive option of mechanization would be limited
by the excessive financial burden of sophisticated DAF waste treat-
ment, and the application of DAF treatment with the highly variable
production schedule would be impractical.

Most oyster production and processing is concentrated in the
Panhandle region. Approximately 95 percent of the Florida oyster
production occurs around Pensacola and near the Apalachicola Bay
system. The oyster producers are primarily small volume processors
which generate a limited amount of waste. Their empty shell stock
is collected for oyster planting operations or road fills, and the
primary source of waste water comes from the washdown procedure.

In the Apalachicola region, the municipal treatment facilities
are not adequate to receive additional sewage or waste water from
the oyster processors and the geographic distribution of the pro-
cessing plants make municipal hook-up economically impractical.
Host sewage is treated in septic tanks, and waste water is discharged
directly on the shore line below the plants. Recent changes in
Florida DNR regulations are requiring some form of plumbing to direct
the washwater away from the processing plant. Interestingly, the
Florida DER is now concerned because their interpretation of the
new plumbing requirements imply a need for NPDES permits. Most



ovster proc essot s are n" t ra .i l iat vith the EPA vaste vater require
ments and most producers d: net ha;e a ',ipDES per-.-it. Fortunatei» f
some Florida oyster plants Jo not exceed t.he s. ~1 l scale product f~
exemptions spec it ied in the EPA ef fluent guide 1 ine». Also the
volume of vaste vater produced is stroll l and vi l l be dis harged jntp
a dvnamic 8av svstem.

requirements for the Florida oyster
by simple in-plar.t measures, and
operations «+Sch varrant the DAF
EPA contractual study �!.

The f ut ure vast e t rea tment

indus t r y should be ac comp 1 i shed
there are no large scale oyster
treatment implied in the recen

~Scal1o s

Currently there are no spec if ic EPA ef f luent guidelines for
calico scallop processing. a'aste management of cat ica scallop
waste have been municipal treatment for vaste vater, and landfills
for shell and viscera. A re" ent crisis situation has developed in
the Cape Canaveral regi-n. Suddeni' the local regulatory authori-
ties have announced the~ vil l no longer tolerate the levels of
seafood ef fluents bei.,g discharged into the local basin. At the
same time, the mnicipal facility has indicated it cannot handle
anymore seafood processing effluents. Thus, the scallcp processing
operations are faced vith a no vin situat.ion.

This situarion is a prime example of site specific crisis reg-
ulation Mich vill be mare typical in the 1986's. In this case.
publicly ovned vast.e treatment facilities have not been designed «
anticipate the increasing loads due to the future influx of industry
and residents. The local r egulatory author it, ies have no spec if «
EPA effluent standards for guidance. Thus, the resu!t vill
judgement call s vhich usually incite claims of inconsistent and
equitable regulation. The final decision may have to be resolved
in courts andtor the processing aperat ion could be forced to close ~
Hopefully, the processors can vork vith various local authorit«s
and reach a compromising solution vhich vill assure environmental
pr'tection and continued seafood product ion. »cal economic's and
labor cannot afford to stifle the seafood processing industrv
Florida.

%st Florida scallop production and processing is centered about
the Cape Canaveral region. Bay and ca 1 ico sca.' lops are harvested
in Florida, but the calico scallop is the bulk of the processing
industry. The mechanized processing cf scallcps is a unique com-
bination of heat shocking, to remove the shel l and spec ialized rollers
and shakers to separate the viscera fro= the ~at. T' he vaste pro-
ducts s are shel l., seal lop viscera, and associated vast e vate r. Smaller,
conventional process rs rely un hand labor to recover the meats;
consequently, their volume of vaste vater is reduced.



Certain Fish

The level of fish processing in Florida is extremely variable
depending on the fish species and season. Processing operation~
can be as simple as boxing and icing of whole fish, or more sophis-
ticated with mechanization for filleting and freezing. Also, there
is a limited amount of fish meal processing of menhaden harvested
in northeastern Florida. Overall the fish processing industries
in Florida are considered low-priority operations for waste mana e-e manage-
ment regulation.

The most common method of waste management xs landfxlls for
fish scrape which is collected in dumpsters. Waste water is directed
to available municipal facilities. Certain fish scrape is packaged
and frozen for fish chum or crab bait. Fresh trash fish and fish
scrap has been used for production of pet foods. Production of
fish meal is minimal and will become more economically impractical
as fuel costs continue to increase. Attempts at production of
fish fermentations for fish sauce, feeds, or fertilizer have only
been investigated as bench top ventures.

Menhaden processors currently operate evaporation plants which
minimize waste water, but future fuel costs may dictate modifications
in their operations. These modifications may require new waste
treatment practices, but the present fish meal waste is minimal
and poses no regulatory problems.

In the future, certain in-plant modifications will. be required
to reduce waste loads from conventional fish processing operations.
Modifications such as segregation of fish scales seem reasonable
and practical, but the implied requirement of DAF for mechanized
operation is totally impractical. The DAF requirement was deter-
mined based on the performance of mechanized bottom fish processing
operations in Alaska �!. In Florida most fish processing scheduLes
ale highly variabLe due to seasonal abundance, the same plant can
handle a varied number of species, and the volume of processing is
much less than the typical large volume single species operation
in Alaska. For these reasons, the operational requirements for
DAF would be impractical for mechanized fish processing in Florida.

CONCLUSIONS

Seafood waste management in Florida will become a major problem
as more stringent regulations become effective in the l980's. This
problem will be shared by the respective seafood industries and
regulatory agencies. The seafood industry may be required to install
expensive waste treatment facilities at the same time they are faced
with increasing fuel cost, inflation, and growing competition for
water resources. In certain regions of Florida, competition for
water consumption could pose more serious problems than water quality
regulations.
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The complexity of regulations and the overlapping authority
of the various regulatory agencies is confusing and offers little
incentive for industry compliance. The unique geography of the
state and the diversity in the seafood industry complicates regu-
latory responsibility. Currently the state regulatory agencies
do not have the manpower or budgets to administer the existing
regulations. Future regulations should not be adopted if they
cannot be adequately enforced. The result will be continued crisis
regulation which is inequitable and inconsistant. Crisis regulation
will be more site specific and will require judgement calls. In
this situation, the seafood processing industry should be considered
a lower priority problem and attention should be focused on the
more toxic pollutants.

Future regulations have been proposed to include total ammonia
as a toxic pollutant. If this regulation is adopted, it could im-
pose immediate requirements for advanced treatment methods for
seafood ~aste. The EPA must reevaluate their proposal, which was
based on bench top studies, and reconsider the actual environmental
and economic implications of this regulation. Likewise, the im-
plications for dissolved air flotation as a future treatment method
warrant reconsideration in the light of the industry' s current
economic situation relative to increasing energy costs. Fuel costs
for treatment construction and operation is of minor consequence
when compared to the energy cost for harvest. The fuel costs for
harvest is an integral part of seafood processing, especially with
the lack of fuel subsidies to aid seafood production. This cost is
most important to the major shrimp processing operations in the
south which depend on an energy intense fishery.

Currently, most Florida seafood processors depend on municipal
treatment for waste water and local landfills for depositing solids.
The rapid population growth in Florida will increase the load on.
existing municipal facilities. The result could be increased sewage
costs or no available treatment. Likewise, future resource and
conservation recovery regulations may limit the use of landfills.
Without available publicly owned treatment options, various segments
of the Florida seafood industry may argue for ocean dumping, as
recently approved for fish cannery wastes originating in America~
Samoa {45 Federal Register 56374 � 8/25/80!. Remote areas of Florida,
i.e. Keys, could argue for consideration as a remote section as
requested by various locations in Alaska �5 Federal Register
524LL-8/7/80!, and some fisheries may consider more on-board pro-
cessing to eliminate waste, assure better quality, and maximize
energy expenditures during off-shore operations.

Unfortunately, the by-product options for waste utilization
have not developed as predicted in original EPA regulations. Edible
minced fish items are still experiencing consumer resistance and the
mincing operation creates unique waste management problems. Pet
food is not a trash food, and the pet food process requires quality
fish with certain product specifications. Chitosan production has
failed in the United States primarily due to high production costs,
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variations in raw material supply, lack of profitable market outlets,
and competition with less expensive synthetics, Chitosan production
also creates unique waste management problems. Feeds and dry fertil-
izers produced from different seafoods have not been successful due
to competition with less expensive and more available products-
Increasing fuel costs limit the application of dehydratio~ processes,
thus fish fermentations and silage must be reevaluated.

In summary, the environmental atti.tudes of the 1970's must now
contend with the energy decade of the 1980's. Future waste manage-
ment regulations will be an arena for conflict between environment
and energy considerations. Cost-benefit arguements will determine
the fate of the industry. The United States seafood industries
offer a future of increased production and labor and a potential
for balancing the current foreign trade deficit. Hopefully,
reasonable waste management regulations will assure water quality
as well as the economic welfare of the seafood industry.
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SFAFOOP WASTE MAIAGF&NT IE TIIE GULF OF SEXI  0

Al Perry
Office of Fisheries Assistance

Gulf Coast Research Laboratory
Ocean Springs, Mississippi 395b4

BACKGROUND

Throughout the five states on the Gulf of Mexico the major
source of seafood waste comes from the shrimp fishery. The Gulf
seafood industry derives its life force from shrimp. Boatyards
build boats which fish only for shrimp. The majority of fisher-
men go out to catch one thing and that is shrimp. The packing and
processing plants have most of their equipment capital invested in
things that unload, weigh, grade, peel, and freeze or cook shrimp.
As of the second week of this month 56 million pounds, heads-off,
had been landed in the Gulf states. And this is a bad year. The
fig~re comes from the '.iationak Marine Fisheries Service's Market
.'iews ~Re .~rt. They always adjust their numbers to a heads-off figure.
Yctuakk~ Texas is the only state that predominately lands its
catch without the heads. The catch in the other states is usually
landed whole;so, as far as total weight goes, that 56 million
pounds is actually a low figure.

As you can imagine the solid waste poundage «il! reach into
the millions too. Chen a whole shrimp is headed it will lose 33
to 3.% of its weight. If the shrimp is headed and peeled then the
total loss will be from 50 to 55» of its landed weight. In the Gulf
packing plants the majority of the shrimp is headed and packed in
five pound boxes, then it is fro=en, and sold. The rest is peeled
and fro=en or canned. So between these two operations the production
of solid waste in a particular plant parallels the production of
product at a high percentage rate.

Alorg with these heads and shells there is a substantial volume
of progressing water which is generated. The heading and packing of
shrimp uses a moderate amount of water. On the other hand, the peel-
ing operation can use 75-80% more water so that a four peeler plant
can discharge l00,000 gallons. or more a day.

Shrimp, of course, is not the only thing which is produced in
the Gulf. There is a sizeable oyster industry which operates the
year-round in some places, but it is predominately a fall and winter
fishery. This industry does not really have a solid waste problem
because the whole animal is used. The shells have an economic value
as building materials or cultch for oyster beds, so they are in
demand. The ~aste problems of the oyster industry are confined to
grit from the mud and broken shell» and the orgarric materials dis-
solved or suspended in the process water.



The blue crab industry is important to t] oso ose w o are in it,
its volume compared to the Chesapeake Bay i f 1 Iy is airly low. Theyhave a sub st anti al so 1 id waste production becaus tn ecause meat recovery isore than 13 1 5 o and the rest is shel I . Watater usage is low. Thelargest plant in Mississippi discharges 5-10 000 ll d

cooking water is the only concentrated waste load that would come
out of a plant. This industry still hand picks the meat.

The Gulf produces some fish,too, but it is not an item that
many plants handle. Just how much is produced in the Gulf is hard to
say. However, that which is handled is predominatel h I odn e y a w o e product.We do not have a fillet industry such as is on the New England coast.
The most that may be done with them is heading and gutting, but the
largest snapper plant in the Gulf told me that with the labor costs
what they are, if his customers will not take the whole fish he will
not sell to them.

The menhaden industry is in a special category by itself
Several years ago EPA singled them out for particular attention due
mainly to their oily discharges. As a rule the plants now collect
all their incidental process water, such as that which comes out of
the boats when they are unloaded and cleanup water, and then it is
evaporated which leaves a residue of the soluble organic materials.
That has an economic value. So they have their situation pretty well
in hand, even through 1984's projected regulations.

There is one more fishery which is unique to the Gulf of Mexico
that ought to be mentioned. That is the crawfish industry in Louisiana.
This is a winter and spring fishery which generates a tremendous
solid waste load and very little liquid waste. I was told that in a
good year there could be 25-30 million pounds to be disposed of. The
crawfish is in the same class as the crab as far as weight of meat
ratio to the ~eight of the disposable shell.

As you know the seafood industry is still operating under the
1917 BPT regulations. For the Gulf fishery this is predominately
screening and water management. The various state pollution control
agencies have written specific parameters into their permits but they
are in fact quite similar throughout the Gulf region. All require that
the pH be within the ranges of 6 to 9. They also require weekly sam-
pling of either suspended solids or settleable solids. And everyone
must monitor the discharge flow rate.

Another common feature in the region is that municipal sewage
treatment capacities are increasing or they are in the planning stages.
Whenever these expansions are completed then the plants will be
re'quired to connect to them. That will in effect bring about the
concept of zero discharge which is the basic goal of the wastewater
regulations.

pRESENT SITUATION

Looking at the various states Texas seems to be moving along
its municipal sewage expansion program. The seafood plant permits

re all due to expire when municipal hookups are possible. Some plants
will be connected this year and others will continue to be added
»ough the next three years. In the meantime the majority of the

"astewater is going back into the ~aters of the bays and harbors. There
are dumps available for the solid waste for those who can haul it off.
«as does not have a peeled shrimp segment of the packing industry
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d te loads are low compared to what it couldso its water usage an was e o
be if there were peeling operations.

Louisiana does have peeling operations and lots of them. The
greater part o t em aref th located in the New Orleans area. There the
city sewage system can acceaccept the wastewater and landfills are acces-
sible for those who want to use them. There are shrimp packing plants
throughout the state and every local situation is different but in
all, the big problem is with the solid waste. There are a ew parish
Landfills but the shells also go in a lot of open dump' which are in
the process of being closed. Acre neither is available there is
some dumping off the side of the roads. Outside of the larger cities
the general flow of wastewater is into the bayous and bays. This
wastewater can contain solid ~aste too. Throughout the state there
are a very large number of small unloading docks on the si.des of the
bayous where shrimp buyers unload a boat, box the shrimp, and load
them into trucks. The wash tank water of course goes directly back
into the bayou. These places are so small that it is out of the
question to think of sewage hookups for them.

In Mississippi the largest number of the state's seafood plants
are located in a county which has a contract with a company to run
the garbage collection but that company will not haul the solid waste
from the plants. That leaves them in a pretty bad fix. Some have been
fortunate enough to find agricultural interests who will come and get
it or will let it be put on their land, but that is not very many out
of the total. In another county the same company is required to hauI

off the shells because of a clause in their co~tract with a different
town. Mississippi has a large number of peelers so the volume of
shells is large. A very few plants send their wastewater to a treat-
ment facility. The rest discharge it overboard.

The major seafood packing town in Alabama required the plants to
send their wastewater to the treatment facility. Now, due to industry
expansion, the facility is completely overloaded so that it is no more
than conduit for the waste pumped into it . Its outfall is in a bay
so there have been no water quality problems. In the meantime a mor-
atorium has been imposed on the plants which prevents them from in-
stalling any more peeling machines until the treatment facility can
double in size. The solid. waste is contracted to a single firm who
col.lects it and hauls it to a county landfill.

On the Florida west coast the story is more of the same. Land-
fills or overboard discharges account for solxd waste disposal.
the larger towns the wastewater is taken by the sewage treatment
facilities but other than that it goes back into the surrounding waters

FFKRE IMPLICATIONS

So, here we are at the start of the 1980's, three years after the
first set of regulations went into effect, three maybe four years
away f'rom another set, and ~here are we". 'What has been accomplished-
I n my part of the country we are about where we were three years ago
and we are no ahorse off for it.

I want to say right off that I like the seafood industry.
b elieve that environmental legislation is needed, but the tone and
intent to which it has been applied to the seafood industry is
uncalled for due to the nature of their waste products. You hear



everyone talking about preserving the marshes because of the nutrients
they produce for the sustenance of the estuary. Nell, what do you
think comes out of a seafood plant's drain pipe? It is pure nutrition.
It is not some toxic substance that will make fish have five eyes and
sea birds lay eggs like marshmellows, It won't stay in the bottom mud
for the next thousand years. No, it feeds these animals and for the
most part it is cate~ within a few hours.

I have been working with seafood plant ~aste effluents for over
two years. And I just do not view it as being a hazardous material.
It can be a nuisance no doubt, but never a threat. And that very fact
brings up the question of the real need for such uniform, detailed
regulations for an industry which if it has problems, those problems
are particular to its location and not to the national industry as a
~hole. If you have a major fishing port with a lot of packing plants
along a small bayou such as in Bayou la Batre, Alabama, then there
can be a need for wastewater regulations to prevent water quality dete-
ioration. On the other hand, if you have another major fishing port
on a waterway which has never experienced any dissolved oyygen
problems such as Delcambre,louisiana, then why should Declambre have
its plant wastes regulated to the same degree as Bayou la Batre?

I know EPA has had this matter brought up to it before, Right
now is the time, I think, to get this thing stirred up again because
we have seen what BPT is like and some of us after reading the E.C.
Jordan report have a fair idea of what the BCT regulations may be
like. And I just can't see the need for it. I believe we are getting
into the realm of regulation for regu!ation's sake and not regula-
tion to correct an evil.

EPA's viewpoint has been that since the industry is so diverse
and scattered throughout the coastal states then they cannot possi-
bly get to each location to have a Look. Nell, there is no real
reason why they should. If they trust the state pollution agencies
to carry out the provisions of the NPDES system why can't they be
trusted to make decisions as to the application of the regulations on
a case by case or regional basis'.

Is there any real chance of altering the forward march of the
regulations. Remember that PL 92-SOD and the Clean Mater Act of 1977
were both amendments. The space of time between now and 1984 would be
a good period to adjust the things that need adjusting and generally
get the law in a more reasonable condition as far as seafood goes.

There has always been a basic difference of thought between the
regulators and the regulated. The whole thought behind PL 92-500 was
that the waters of the nation were polluted and BPT and BAT were only
steps toward the elimination of all industrial discharges. It was the
idea of Congress at the time that all discharges were pollutants.
The seafood industry has known for years that their discharges could
not be detrimental pollutants otherwise catches would have declined
and the industry would have declined instead of there being the
growth which has actually been the case. The law talked of the
"protection and propagation of a balanced population of shellfish,
fish and wildlife"  I! as if they were in danger all over the country.
That has not been the case. The law «as passed on the wrong assumption,
EPA had the right idea in 19.5 when thev published the interim final
rules for effluent guidelines and standards for canned and preserved
seafood pro.easing in th« fi:ederat ~Rc i ter i'!. They said "o-ean



discharge of fish ~astes does not subject the marine environment to
the potential hazards of toxicity and pathogens associated with the
dumping of human sewage sludges, municipal refuse and many tndustrial
wastes. The disposal of seafood wastes in deep water can be a prac-
tical and possibly beneficial method of ultimate disposal" lushy does
the Agency think it suddenly becomes nonbeneficial in the estuaries
near shore? That is where the majority of your seafood grows up and
is caught, not out in oceanic waters.

The work of Dr.Soule in Los Angeles harbor concerning tuna can-
nery wastes is quite well known by now. During now and l984 that work
should be added to by data from other parts of the country and it
should be taken seriously by EPA. It substantiates «hat every seafood
packer I' ve ever talked to believes. There will never be any more
than grudging compliance to any environmental law by the industry
which disregards the bioenhancement aspect of their waste material.
Part of the charge to EPA made by Congress to undertake the Section
74 study was to "examine technologies which may be used i n [seafoodj
processes to facilitate the use of the nutrients in  untreated
naturaI] wastes or to reduce the discharge of such wastes into the
marine environment"�!. I would say that the animals in the ~ater
can facilitate the use of the nutrients quite nicely without any
technology. If you reduce the discharge then you create a solid waste
problem which technology has not solved. The EPA has always consid-
ered a solids reduction facility as a viable method of dealing with
screened effluents but that is just not how it is. The operating
costs are too high and the market potential for the meal is too low.

Everyone in the industry had really hoped that when the BCT
standards were being revised some serious consideration would be
given to bioenhancement. It appears that most of the attention has
been given to reevaluating industry vs. minicipal treatment costs.
This is particularly disturbing from the viewpoint of the Gulf
seafood industry. The Agency has had a cavalier attitude about the
consequences of their regulations. Refering back again to that I9.5
Federal Register they wrote,"a number of small plants are projected
to be adversely affected by these regulations, but the domestic
industry capacity is not expected to be affected by the potential
closure of these particular smaII plants"f2!. I must strongly di ffer
with such a statement. The domestic capacity will be affected
because there are very few shrimp businesses in the Gulf states
which could be considered large. There are hundreds ~hose annual
sales are less than $300,000 or bet~eon that and $1 million. If
those get knocked out of production the whole system gets disru t d . p ef you deal in terms of absolutes then that is what you get.

This country needs the EPA. But it needs them and their exper-
tise where there is a definite threat to human health and wildlife
The cover story in this week's Time magazine  Sept.22,I980! will
tell you about that. The article states that EPA has estimated that
there are 50,000 toxic chemical dump sites and th h I d
lsl 000

ey ave ocate
chemical waste lagoons. A very large percentage of these are

improperly constructed and pose a danger to ground ~ater supplies and
public health. In addition to that the Agency estimates that more.
than 77 billion pounds of hazardous chemical ~astes are produced each
year with only I0% being handled safely. About 404 is being handled
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improperly and SO'. is just being dumped in water-ways and on the land.
There is a bill in Congress now which would create a fund for the
Agency to use to neutralize these dump sites ancI lagoons all across
the country. And there is also the matter of ovc rloaded or improperly
operating sewage treatment plants which just pass along disease
organisms into the water. The Gulf states have a lot of those. That
is the kind of work that the Agency should be supported in. A seafood
plant.'s effluents of BOD and Suspended Solids sc ems a mighty smaIl
matter deside the destructive powers of those 77 billion pounds of
chemical wastes and pathogenic viruses and bactez'ia-

Comparison of risks is a phrase being used around Washington now.
Congress seems to be getting interested in it. as it relates to federal
regulatory actions. Representative Don Ritter  R-PA! has introduced
legislation which provides a mechanism for assessing risks in an
effort to make regulations objective. Representativ'e Ritter states
that "comparison of risks is a way for regulatory agencies to reform
themselves, to set priorities, and to do a better. job of protecting
the public. In short, comparison of risks helps set priorities and,
thus, helps bring government regulation into the 1980's" �! .

The threat to the health of the bayous and estuaries along the
Gulf of Mexico in the 1980's in my view does not cone from seafood
plants. It is just the opposite. Without them I would expect the
productivity of the waters to go down. I don't chink it is coincidental
that after 14 years of trawl sampling at the same stations along
Mississippi's coast, the area which has been shown from catch data
to be the best nursery ground is also the bay where the greater
number of our seafood plants are located.
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SEAFOOD WASTE MANAGEMENT IN THE NORTHWEST AND ALASKA

George M. Pigott
Institute for Food Science 6 Technology

College of Fisheries
University of Washington

Seattle, Washington 98195

INTRODUCTION

Waste! That word signifies the major product of the fishing
industry and could sum up our future. We must change our thinking
on the entire sequence of harvesting, transporting, processing,
and marketing of seafood products as related to "total utilization,"
not waste. Otherwise, ten years from now we will be duplicating,
as we have done for 20 years, this conference with the same papers,
the salse unsolved problems, and the same glorious plans for the
future.

There is no such thing as "vaste" in seafood as it comes from
Mother Nature. This vide range of resources is a combination of
primrf and ~seconder ram materials. ve are so tuned to inefficient
uae of foods from the sea that often nothing beyond the historic
conventional product, a small percentage of the edible portion, is
considered by the processor. Also, the makers and enforcers of
our federal, state, and local laws are tinged as well with the same
misconception. No one seems to relate to the fact that vaste is
our creation, not our destiny. During the balance of the conference
we are scheduled to reiterate the plans for Seafood Waste Treatment
and Utilization and their regulation, often based on insufficient
knovledge of the industry, inaccurate data, and lack of realization
that the future survival of mankind is not dependent on processing
waste but on producing food.

It was interesting to review the subjects of papers being
presented at this meeting that involve utilization. At the University
of Washington, ve participated in building the first chitosan pilot
plant, and have engineered and developed pilot plant facilities
for many forms of edible recoverables including batter and breaded
formulated foods, dried products, and various forms of extracted
proteins. In fact, as a licensed engineer who has long been active
in seafood processing plant design and construction, I would be
villing, today, to undertake a project resulting in a successful
plant for economically utilizing the processes or producing the
products that will be presented by the variaus speakers. The pro-
cesses for utilizing "secondary raw materials" are available but



we are not paying, enough attention to the ].imiting problem of
logistics. Logistics' .Not raw materials, not processing techniques

salable products, not markets, not waste disposal, but logistics
of economically collecting, handling, ho]ding, and insuring adequate
high quality secondary raw materials is the overriding factor in
the "Total Utilization" of seafood.

CHANGING FISHERIES OF THE NORTH@EST AND ALASKA

Understanding the major trends taking place in the North
Pacific ff.sheries is important in the logical planning for maximum
use of the resources and for realizing the important relationship
between the Pacific Northwest and Alaska. Due to the magnitude of
the potential U, S. catch from the Fishery Conservation Zone and
the accompanying Logistic requirements, the changing fisheries are
much more important to future waste management planning than a
recap of the present operations.

Hi h Cost of Present Products

Since shortly before the turn of the century, salmon has been
the dominant seafood in the Northwest and Alaska. This much sought
after fish has also dominated the thinking of the fishing industry,
the state, federal and local bureaucracies, educational institutions,
and the public. In Alaska, king crab became a major industry during
the 1960' s, followed by tanner crab and shrimp. Halibut, of course,
has been the major long-line fishery, regulated by the international
agreements, between Canada and the U. S. Dungeness crab, oysters,
clams, and relatively small volumes of bottomfish round out the
list of seafoods that have supported the industry in the past. It
should be noted that most of these raw materials are processed into
high-quality, high-priced products. In fact, the cost of many of
these products has r'isen so high that consumer opposition is be-
gi.nning to be felt by the industry. This trend is particularly
noted in the U. S., a beef eating nation where many seafood products
are priced well above beef.

Trend Toward Frozen Products

The demand for frozen salmon, crab, shrimp, and other seafoods
is growing at a much faster rate than that for canned products
 Tables l and 2!. This tendency has been reflected by the rapid
increase in freezing operations in Alaska. Since the seasonal nature
of these fisheties greatly limits the locations where permanent
share-based freezing and cold s'torage operations can be built and
operated economically, there has been a tremendous increase in the
number of floating freezer vessels operating in Alaska. Thus, the
Alaskan processing industry is becoming more mobile. This can be
demonstrated by the increase in ~ashington Port amorage and the
projected increase in large vessels over the next two decades  I!
as shown in Tables 3 and 4. Furthermore, since the frozen products
are in a pre-processed condition or in the final form for marketing,
a greater share of the present seafood is being shipped to the
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TABLE 1 . ALASKA CANNED A%! FROZEN SALMON PRODUCTION

Canned

 million lb.!
Frozen

 million lb.!Year

Source: Pacific Packers Re rt, 1980. Supplement to National
Fisherman, April, 1980.

TABLE 2. ALASKA KING AND TANNER C1VN PRODUCTION

Tanner Crab

 million lbs.!
King Crab

 million lbs.!Year

Source-. Pacific Packers Re ort, 1980. Supplement to National
Fisherman, April, 1980.
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1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1973

1974

1975

1976

1977

1978

1979

171.1

133.4

82.8

55.5

61.1

57.0

121.2

140.0

163.6

147.9

76.0

97.1
91.7

106. 0

99.6

122.9

154.4

13.5

12.2

12. 1

16.8

42.8

43. 3

50.6

76.7

121.4

149.2

61.2

64.2

46.2

81.5

98.5

130.6

131,4



0 0 0
CV

W

0

0
Ql

00 M
C Ql O'

Ql

0 0 0
0 0

cV C4

QI
0
C Id
C QI

C Id
8

Ql
8
4J

'0
QI
4

00 W
C
Ql 0'

a
Id
dl
0

0

C
0

Ql W QI
0 Id

Ql
QI

Ql
Qd W
C
QI CJ'

Ql
I4

0 0
Vl

0
rl

0 0
O

0
A

hl 4J
0 ICC

0

Ql W Ql
0

8 dl
dI I

X CV
O

O
a 0

0

Vl 0
a

a a

0

A

0 Z
A
5

A

O

0 0 0 0
O e O

IC
4J
QI
bd ~

4J

0
hd R

41

QI
C
QI

JJ Ql
Ql
QI bd

C
W H

Ql
Id

QI
0 8

kJ
Ql

u QI

C
0

Id

C
QI +
0 QI
Ql IJ
0

0 0

C
0

QI Ql
Id 0
Id
CQ ill

Id

Id

N
0 0
C

Ql
Ql
III I

Qj
0 0

Ql
4J

W 0
4J
C
QI

QI
9

CV

C
0

Idl



W 0

C 0
4J 44
OD CO

lO

0 0
4J

4

o CV

Ol
44
cO

C>
GO

4p �

'0 0 C4
CO
D CI

Lfl

82

Oj I/1 N N Cl
Ch W Cb

p W CV g lh

!8ID ~ l M a/i
Oj kl W H < IA

|4 e O e O
aj O0 Ch Ch

04
c4

O
w p

jO4
0
t5
C4 p

44
DD

0 C

OD lD
C eO

lD

Oj
O

0
Cl

Ol Oj
lO
'a a

Oj
O 4D
ul aj

0
OJ

cO
aj

Oj
44

N 2

cJ N
44
CO OJ
O Oj

Oj
lD
'0

0
OJ 44

'0 OP

0
P 0
O
CO
O
0 4J

0



Northwest for final processing and storage. This trend is particu-
larly important to the futures of both Alaska and the Northwest and
to the relationship between these two geographic areas.

Present Fisher

Although yearly variations in catch will continue, current
fisheries will not substantially increase in the future. Hence,
any major increase in either Alaskan or Northwest fisheries will
have to come from "cheaper" bottomfish. Ironically, many of the
overfished segments of the marine waters under consideration con-
tinue to be pressed by new vessels being built for specific fish-
eries. Many of these vessels do not have the facilities and structure
which would allow them to multifish or to be easily converted to
other fisheries.

Fisheries Conservation Zone

The tonnage and total market value of bottomfish stocks within
the 200mile limit area dwarf those of the high-priced seafood now
being caught in Alaska and the Northwest. However, it must be
remembered that this contemplated bottomfishing is not a new fishery.
Foreign fleets have been harvesting large amounts of fish on the
high seas. The FCMA gives the U. S. management jurisdiction over
the area, but we can only replace foreign fishery effort as we
develop the ability to harvest and handle high seas fish.

New Processin Re uirements

Species of fish such as pollock and hake have keeping qualities
different from those of the bottomfish which Americans are used to

catching and processing. While cod, lingcod, rockfish, flounder,
sole, and other commonly caught species can be iced for some time
prior to filleting, the largest volume of fish available to the
high seas fishery have softer flesh and other biological properties
that preclude handling by present methods. For example, hake and
pollock must be processed to some degree soon after being caught.
The minimum satisfactory processing is heading and gutting and
then freezing. The best technique involves preparation of the final
products immediately after catching.

Need for Lon -Term U. S. Ca ital Investment

A major portion of the money invested over the past decade or
so in the U. S. fisheries has come from foreign investors. The
lack of a visible, well-planned future for fisheries has deterred
U. S. investors. Meanwhile, foreign high seas fishing nations who
know the future requirements for food have invested heavily in the
U. S. fishing industry to preserve their present fishery resources
coming from our waters. These investments include foreign owner-
whip of a major fishing and fish processing companies; in fact,
control of much of the industry, particularly salmon.



The basis for discussing the future management of Pacific
Northwest and Alaska fisheries  including ~sate management! lie
within the above factors. Kach must be addressed if planning for
the future is to be realistic,

WASTK KQlAGKMEHT � PACIFIC NORTHWEST AND ALASKA

There is no better geographical area to exemplify the problems
of logistics in "total utilization" of seafoods than the Pacific
Northwest and Alaska. A review of the so-called "waste management"
in this widely diversified fishery must extend over many species and
varying seasons for perhaps 4,000 miles of shoreline. Furthermore,
there is an interrelationship between Alaska and the Pacific North-
west that is unique for two major U. S. fishing areas.

As with all processors subject to the EPA guidelines, those in
Washington, Oregon, and Alaska were to have upgraded their effluent
treatment to "Best Practical Technology"  BPT! by July 1, 1977, and
"Best Available Technology"  BAT! by July 1, 1983. The major in-
dustry groups, salmon, crab, and shrimp, under the SAT would have
to reduce waste so that the solids are passed through a 40 mesh
screen and then sent to landfills or barged to sea. The possible
requirement included air flotation and aerated lagoon disposal.
The possible replacement of BAT by "Best Conventional Technology"
 BCT! is in keeping with the present decission to re-examine the
original document to determine the effectiveness or economic
feasibility of the technologies. No considerations of a most im-
portant item, bio-enhancement, have been given to the preparation
of KPA guidelines and regulations.

The KPA manages the issuing of disposal. permits in Alaska.
The state is unique in that the discharge regulations include two
subclass designations, remote and non-remote. Under BAT, remote
areas can grind and discharge waste while non-remote areas must
screen and barge or landfill solids. There is some confusion as
to the definition of the two subclasses.

The present seafood harvest in Alaska and the estimated dis-
position of the various portions is shown in Table 5. At the
best, these figures are estimates since no cumulative records are
maintained in many areas of operation. For example, some salmon
heads are shipped to Washington for pet food and some are used «r
crab bait; considerable waste is discarded at sea by shipboard
processors and many fishing vessels  particularly those harvesting
halibut and black cod! carry out some degree of butchering operati»s
on shipboard. Also, a considerable amount of crab waste is g««
ated in Washington where some 47,199,000 pounds of king crab and
32,305,000 Pounds of tanner crab were received in 1979 for final
processing. The waste figures in Table 5 have been estimated
take these facts into consideration. It should be noted that
1979 estimate for waste handled in the plants was 41.3X finfi~h



TABLE 5.

Estimated Distribution�
1/

Catch

 Landed Wei ht!
Species 6
Product Products Waste

Salmon

Canned

Frozen

297. 1

147. 9

149.2
48. 8 �3X!
37. 3 �5X!

69.5 �5X!l54.4

131. 4 59.1 �5X!

3.2 �0X!�15.9

7.4

219.0 �6%%u!�383. 3 �3X!606. 2

Total

Finf ish 226.1 �1X! 90.4 �8X!320.4

Total

Shellfish 157.2 �5X! 128.6 �5X!285.8

1/
Since there are no accurate statistics available on total product vs. waste,
these figures are estimates based on knowledge of the distribution in
various products and forms of products.

2/ Total catch Alaska and Washington {mostly Alaska!.
3/

Most halibut is gilled and gutted at sea, estimated at 20X �.2 million
pounds!. Likewise much of black cod is cleaned at sea, estimated. at
10X  .7 million pounds!.
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King Crab

Tanner Crab

Halibut

Black Cod�
2/

Total

PRODUCTS AND ESTIMATED WASTE DISTRIBUTION OF

ALASKAN CATCH  EXCLUSIVE OF SHRIMP, DUNGENESS

CBAB, BOTTOMFISH! IN MILLIONS OF POUNDS, 1979

99.1 �7X!
111. 9 �5X!

84. 9 �5X!

72.3 �5X!

9.5 �0X!



waste and 58.7X crab waste. No ef fort was made to include shrimp,
dungeness crab, and bottomfish in the estimates since the 1979 cat~h
and subsequent waste is relatively unimportant compared to the
5 species.

There have been three fish meal plants operating in Alaska:
Kodisk �00 mt/day capacity!, Seward �00 mt/day capacity!, and
Petersburg �00 mt/day capacity!. These plants have been producing
meal from crab, shrimp, and fishs wastes while discharging the
stickwater  ail and solubles! through submerged pipe outlets. Con-
sidering that same 219 million pounds or approximately 100,000 mt
of waste are generated during relatively short fishing seasons, it
is obvious that most of the waste from processing seafoods in
Alaska is discharged to the sea.

The confusion an subclass definition is realized when it is
noted that processors from Ketchikan, Anchorage, Cordova, Peters-
burg, and Juneau petitioned for and won a change of status to re-
mote. The city of Kodiak did not want reclassification for fear
that the bay would revert to the unbearably polluted area that
prevailed prior to the establishment of the meal plant. Reclass-
ifications of towns as remote areas was allowed in 1980 due to the
record fish runs. Although this was considered a temporary change,
it seems probable that it will remain on an indefinite basis. The
uneconomic nature of waste processing meal plants in Alaska is
exemplified by the situation in Petersburg. After the change in
status to "remote", processors began grinding and discharging
wastes. As a result the meal plant had to shut down due to lack
of raw material.

Most remote area processors are grinding and discharging with
a few plants using "gurry scows". In the past, applicants for ef-
fluent discharge permits were encouraged to discharge below seven
fathoms depth. However now realizing that depth may nat be the
sole factor in distributing the waste, EPA is processing permit~
on an individual basis with the discharge outfall being located at
a satisfactory point of dispersion, regardless of depth. I ikewise.
a policy is evolving whereby the residual outfall is judged not by
strict size standards �00 foot diameter, 6 inches deep! but by the
effect of the residue on the ecology of the area.

All floating processors come under the remote classification~
however, no applications are made or permits granted for foreign
vessels operating under the Fisheries Conservation Zone Management
Plan.

Oregon permits are processed by the Oregon State Department o
Environmental Quality. All plants in the state are operating under
BPT guidelines that call for screening solids. Solids are widely
used as mink food  Northwest Fur Breeders Association, using mainly
offal! and fertilizer on farm land  mainly shellfish waste! ~
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plant in Warrenton produces Oregon kkist Pellets utilizing crabshells and fish wastes The pellets are used videLy within Oregon
in state fish hatcheries.

There has been a considerable amount of planning for futureplants utilizing seafood waste but the slow movement is indicative
of the marginal business of reducing high quality raw material to
low quality products. Meal plants have been considered for Coos
Bay utilizing conventional meal processes or a nev ram jet engineprinciple. There has also been a proposal by a California company
to compost wastes with sawdust.

Shrimp waste presents the most difficult disposal problem,although these plants as well as all other seafood plants in Oregon
are currently in compliance with BPT. Final solids not being
utilized by feed or fertilizer manufacturers are being trucked to
landfill since barging is too costly. The economics of operating
marginal facilities and the Lack of available land for aeration
lagoons would make it extremely difficult for processors to meet
the BCT.

Permit applications are processed by the Washington State
Department of Ecology. Washington is currently operating vith a
vide variety of waste utilization or disposal techniques and does
not have any outstanding conflicts with meeting regulations. The
Department of Ecology protested BCT guidelines for 1983 before they
were suspended and must nov wait, like other states, for new rulings
from EPA.

Companies in the major Puget Sound processing area extending
from Tacoma to Bellingham dispose of a large portion of their waste
into the municipal sewers. Each city or municipal sewage district
makes its own regulations and agreements vith processors as to the
form and amount of waste accepted.

Large amounts of fish waste are currently being utilized in a
La Conner fish feed plant that makes Oregon Moist Pellets and other
formulations for State, Federal, and private hatcheries. A unique
system of shellfish waste disposal has been instigated on the
Southwestern coastal area. Commercial operators and farmers collect
the vaste and spray it in the form of a ground slurry onto farm land-
This procedure has met widespread approval by farmers and the product

in demand, although the farms receive the basic material at no
charge for taking the waste from the plants.

There are several small meal plants in the state that operate
intermittently. There is only one major plant  Located in the
Seattle area! that operates solely as a full time business of
processing waste. The proximi.ty to local meat, poultry,1 r and fish

«ssing plants greatly simplifies the Logistics of yof economically
llecting enough raw material to allow full-time operation. However,
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plant in Warrenton produces Oregon Moist Pellets utilizing crab
shells and fish wastes. The pellets are used widely within Oregon
in state fish hatcheries.

There has been a considerable amount of planning for future
plants utilizing seafood waste but the slaw movement is indicative
of the marginal business of reducing high quality raw material to
low quality products. Meal plants have been considered for Coos
Bay utilizing conventional meal processes or a new ram jet engine
principle. There has also been a proposal by a California company
to compost wastes with sawdust.

Shrimp waste presents the most difficult disposal problem,
although these plants as well as all other seafood plants in Oregon
are currently in compliance with BPT. Final solids not. being
utilized by feed or fertilizer manufacturers are being trucked to
landfill since barging is too costly. The economics of operating
marginal facilities and the lack of available land for aeration
lagoons would make it extremely difficult for processors to meet
the BCT.

Permit applications are processed by the Washington State
Department of Ecology. Washington is currently operating with a
wide variety of waste utilization or disposal techniques and does
not have any outstanding conflicts with meeting regulations. The
Department of Ecology protested BCT guidelines for l983 before they
were suspended and must now wait, like other states, for new rulings
from EPA.

Companies in the major Puget Sound processing area extending
from Tacoma to Bellingham dispose of a large portion of their waste
into the municipal sewers. Each city or municipal sewage district
makes its own regulations and agreements with processors as to the
form and amount of waste accepted.

Large amounts of fish waste are currently being utilized in a
La Conner fish feed plant that makes Oregon Moist Pellets and other
formulations for State, Federal, and private hatcheries. A unique
system of shellfish waste disposal has been instigated on the
Southwestern coastal area. Commercial operators and farmers collect
the waste and spray it in the form of a ground slurry onto farm land.
This procedure has met widespread approval by farmers and the product
is in demand, although the farms receive the basic material at no
charge for taking the waste from the plants.

There are several small meal plants in the state that operate
intermittently. There is only one major plant  located in the
Seattle area! that operates solely as a full time business of
processing waste. The proximity to local meat, poultry, and fish
processing plants greatly simplifies the logistics of economically
collecting enough raw material to allow full-time operation. However,
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a significant percentage of the raw material still must be trucked
from northern Puget Sound and Southwest Washington to insure suffi-
cient raw material for economic operation.

Approximately 10 years ago, the University of Washington,
through a Sea Grant project, worked with a Seattle firm in the
development of their proprietary process for producing chitin and
chitosan from shellfish waste. The company has continued to
develop and simplify the process in order to improve the operating
economics and efficiency. As always, the final limiting factor is
the logistics of supplying sufficient raw material to enable
economic operation of the minimum size plant. There is much op-
timism that a commercial chitosan plant utilizing improved processing
techniques will be built in the near future.

California

Although it is not the intent of this report to cover the
southern portion of the West Coast, it might be well to point out
the major differences between the warmer water fisheries of California
and the northern areas. Tuna and anchovy, the predominating indus-
tries in California, operate under different guidelines than those
for salmon, crab, and shrimp. Air flotation is currently required
in the disposal process. The tuna plants have large continuous
production and, therefore, can support meal plants in San Pedro and
San Diego. Bail water from vessels delivering to ports must be
hauled at least three miles off shore and such wastes from fishing
vessels are excluded form the Ocean Dumping Permit Regulations.

SUMMARY

Accurate information on total waste recovery is not available
and many processors are reluctant to give such information unless
they are assured that their specific company's production will not
be disclosed. Although there is a significant volume of material
being recovered in the form of usable products, the large majority
of high quality protein is being discarded or sold for "cheap"
animal food. The remote areas are particularly noticeable in that
the present logistics problems preclude economic recovery and
processing into salable products. The remoteness of Alaskan opera-
tions and the close proximity to municipal sewers of most large
plants in Washington and Oregon are currently positive factors in
preventing marine water pollution.

IMPACT OF FISHERIES CONSERVATION ZONE  FCZ!

Since the 200-mile limit is having a major impact on the
Northwest and Alaskan fishery, this factor must be considered in
relationship to waste management. This is especially true since
the FCZ species are predominantly "groundfish" or "bottomfish"
and represent the large volume-low priced raw material not
previously harvested in large scale.
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It is a delusion to talk about an expanding bottom fi.shery
being combined with the present seasonal industry, especially salmon,
ta give added stability to each. There are few areas in Alaska
handling large a~aunts of salmon that are suitable for large scale
processing of bottom fish. Furthermore, the government sponsored
blue sky feasibility reports  heavy on economic input and light on
technology background! on the future of the 200-mile zone are
severely misleading to those trying to plan for a realistic future.

Originally, bottom fish or groundfish were designated as those
caught by trawling operations that drag the bottom for such fish
as cad, rockfish, flounder, and sole, usually destined ta be pro-
cessed inta fillets. However, convention has tended to designate
all fish ta be filleted as bottom fish even though some of the
species are actually schooled pelagic fish. Depending on the
size and species, the yield of fillets varies from below 20X to
as high as 35X, with approximately 25X being a good average, However,
these fish have 50 to 60X flesh on the carcass meaning that one
half or less af the edible flesh is utilized for human food. The

result is that the "frame" or filleted carcass contains an amount
oi flesh equal to that removed as fillets. Unless the U. S. can
utilize this fraction of the bottomfish catch far some form of

human food, it is doubtful at this time that we can economically
enter the tremendous market that is being filled by foreign fleets.
These fleets are using the total raw material in that they are
either making fish meal from the waste   Table 6! or are removing
the remaining flesh from frames for surimi blocks that eventually
are processed into kamoboko. Furthermore, a high percentage of
the high seas catch consists of small fish that will be thrown away
as too small to fillet. These fish are also being utilized by
foreign fleets. Small fish can be deboned to give approximately
50X af the landed weight in minced flesh. The key to future success
of the U. S. bottom fishery will be our ability to amortize the
catch over total utilization of the raw material rather than 25X

in the form of fillets.

One of the major considerations involving bottam fish is that
the catching and shipboard handling or processing of the fish,
particularly the most abundant species, pollock and hake, have con-
siderably different requirements from the high-value species. The
temperature of all bottom fish must be lowered immediately after
capture in order to prevent excessive quality reductian due to
bacterial and enzymatic action. Furthermore, depending an the area,
hake and pallack must be headed, gutted, and frozen shortly after
being caught or the flesh rapidly degrades to become unmarketable.
The foreign fleets solve this problem by having large "mothership"
processing vessels accompany the fishing vessels to the grounds.
Catches can be transferred ta the mothership soon after being caught
and then processed in a manner to insure high quality. If the U. S.
is going to explait the bottom fish stocks, they must choose between
supporting the expensive mothership concept or altering the concept
of bottom fishing through modifications of vessel design, on-board
facilities, and handling procedures. Research into methods for
utilizing the large volume of deboned flesh from smal.l fish or
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filler frames is nearing the point where large volumes of minced
flesh will be in demand. Although this will essentially double the
marketable portion of bottom fish, the perishable nature of the
flesh  made more susceptible to degradation by the cell-rupturing
deboning process! imposes further alterations to the normal prepar-
ation of the fish for final processing. Minced flesh must be
formulated into final products shortly after being deboned due to
its short frozen shelf-life. For this reason, a large portion of
the blocks frozen at sea will consist of headed and gutted fish.
The fish will be thawed, filleted and the minced flesh recovered at
shore based plants that can also utilize the minced flesh for
formulated products.

Shore based plants in Alaska are going to find it necessary
either to prepare final formulated foods when fillets are prepared
or to head and gut or fillet and mince the bottom fish and then
freeze and ship the primary product. Since the utilization of
minced flesh is in the form of formulated products  i.e. dried,
kamoboko, batter-breaded and cooked, etc.! it is questionable whether
Alaska processors should install the major processing and support
facilities necessary for minced fish utilization. Hence, the raw
materials for the majority of the Alaskan processing facilities
will most likely be limited to nearshore trawling operations. The
larger volumes of frozen-blocked fillets, minced flesh, or headed-
gutted fish will be transhipped from the large catcher-processor or
freezer vessels operating in extended high seas fishing to the
"lower 48" for final processing and packaging.

Approximately one-half the halibut and over three-fourths of
the black cod presently landed by the U. S. on the West Coast and
Alaska is caught in the FCZ. Halibut will increase considerably
due to the expiration of the agreement allowing Canadian fishermen
to harvest one-half the Alaska halibut. Black cod will show a

dramatic increase since there will be a considerable amount of

this species in the trawl fishery as well as in an expanding pot
and long line fishery.

PROCESSING REQUIREMENTS FOR FCZ FISHERIES

It is apparent from studying catch and potential stock data
that any major expansion in the Northwest Pacific fishery is going
to be concentrated in the bottom fish  groundfish!, commonly con-
sidered the low-value species. As has been discussed, the catching,
handling, and processing of bottom fish, particularly the most
abundant species, have considerably different requirements from the
high-value species. The temperature of all bottom fish must be
lowered immediately after the fish are caught in order to prevent
excessive quality reduction due to bacterial and enzymatic action.
Furthermore, depending on the harvest area, these fish must be
headed, gutted, and frozen shortly after being landed or they will
continue to degrade at a rapid rate.
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The nature of the FCZ fish and the distances from land
many of the f ish are caught creates a relationship between f ishing
vessels and shore based plants that is considerably different from
the seasonal fisheries that have been the basis for the Alaskan and
Washington industries. In the f irst place, the markets for bot tom
fish are such that the offshore fishery utilizing these raw materials
must be developed prior to the construction of large shore-based
plants.

The present discussions by a portion of the fishing industry
and University and Government consultants concern whether off-season
salmon and crabbing vessels can be utilized to fish for near-shore
bottom fish. These vessels vould be used to create a base for
supplying shore-based plants with fresh fish for processing. Un-
fortunately, this procedure will not be the basis for a large new
industry.

At the present time, the United States has a "zero base" pro-
duction of fillets as compared to the volume of fillets being
consumed in the country. In off-season vessels are used as the
backbone of a "new" fillet industry the production of products will
vary considerably throughout the year as these fishing fleets are
entering and leaving the fishery. Furthermore, during years vhen
seasonal fishermen have outstanding catches and income, they vill
not fish the more rigorous fishery. During these years there will
be little, if any, fishing effort from seasonal fishing vessels.
This practice is not compatible vith the market for fillet fish.
The large users of fillets, namely the fast food chains, supermarket
chains, and some other institutional groups, operate year-round.
The sales volume, cost of advertising, and many other factors related
to a profitable consumer oriented business cannot tolerate an in-
consistent or intermittent supply of product. The only solution to
this problem that will allow the U. S. fishing industry to supply
large volumes of fillets to the present buyers  vho are purchasing
more than 80X of their fish from foreign countries! is to have
full time, year round fishing and processing operations. This is
not compatible with extensive use of off-season fishing vessels'

If a large, continuous supply of fillet products is being
produced by the United States, then the relatively small volume of
products produced by off-season fishing could be absorbed into
the market. Hence, the requirements for fishing fleets and shore
based processing operations must be considered in relationship
the nature of the raw materials and the markets for products, not
the desire to create large processing plants. Furthermore. AL»k .
vhere most of the FCZ expansion vill take place, must be taken int
consideration when looking at the futur'e of Northwest Public P«t
since much of the logistic and shipping support must come from
Northwest.
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Shi board Processin or pre rocessin

The nature of the fish and the distances fances rom s ore preclude
taking Large Percentages of offshore caught fish to shore-b
plants Prior to some type of preliminary or final na processing. Severaldifferent organizations of fishing ef fo~ts
used in FCZ f ishing. The specif ic solution to the catching and
tepid handling of delicate fish will depend on f t hpen on many actors such as
Location of the fishing grounds, type of vessels being converted
to the new fishery, ability to finance new vessels designed for the
specific operations, the specific mix of the species landed, the
access to transhipping sites  particularly in remote areas of Alaska!,
cost of fuel and other controlling operating costs, and present and
future environmental and regulatory restrictions. All of the follow-
ing high seas operations will probably develop in response to
various FCZ situations:

L. Mothership fleets whereby fishing vessels deliver to a
central processing ship that period.ically takes accumulated
product to shore or transfers it to pick-up vessels. This
procedure has been the necessary organization of foreign
operations since they were operating so far from home base.
The motherships are not only factory ships but supply the
needed logistic support to the fishing vessels.

2. Mothership type of operations whereby the factory ship is
a permanently moored barge to which the fishing vessels
deliver the catch.

3. Catcher-processor vessels that both harvest and process the
fish. The degree of processing will again depend on many
factors but can vary from heading and gutting followed by
freezing to complete filleting lines.

4. Fishing vessels that freeze fish in the round or hold in
refrigerated brine or ice until shoreside delivery can
be made.

The specific type of operation in Alaska is not important to the
voLume of product that will be handled by Northwest ports. The

three types will most likely result in transhipment directly
to other ports. The fourth option will include both some FCZ
Product and the developing inshore products that will be processed
in shore-based plants and then shipped to other areas.

An important consideration in planning of the processing
facilities on shipboard is the market for which the fish are being
prepared. Regardless of whether the final product is ready for use
 fillets! or must be reprocessed  headed and gutted blocks!, the
olume of fish being handled in limited shipboard space determines

that most of the output will be in the form of frozen blocks. This
automatically predetermines that products processed on the high
seas will be competing for the high voLume, low cost markets where
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fast food chains are buying blocked fillets or where reprocessors
are thawing and processing the fish into products for retail
institutional markets. The current price for blocked fish,
determined by foreign competition, ranges from 80.65 to $l.00 per
pound, depending on the species and form of product.

Shoreside Processin or Re rocessin

Once the United States is firmly entrenched in the FCZ fi,sher-
ies, new inshore fillet plants can develop in both Alaska and the
Northwest. The use of off-season fishing vessels, however, wiLL
have to be supplemented by a portion of the effort coming from
trawlers that are operating on an all year basis. Again, this is
necessary to stabilize the shipping of product to markets that
require constant supply. The shore � based plants can be designed
and equipped with facilities to produce finished fillets and by-
products for the higher priced fresh and frozen items sold to retail
outlets and restaurants.

The large volume of blocked fish from the FCZ and Alaska that
vill be delivered to market through Northwest ports and the landings
from developing near shore operations offer outstanding potentials
for development of processing plants in the Northwest. There are
several opportunities, all of which will most likely be taken by
industry. These include:

1. Thawing frozen blocks of fillets, followed by ei.ther
packaging for retail or other markets, or by preparing
finished items such as batter and breaded fillets.

2. Thawing frozen blocks of headed and gutted fish for
subsequent filleting and reclaiming of the remaining
flesh for formulated products. Although the minced
flesh can be refrozen for other reprocessing companies,
the best products and the most profitable operation
to have both a filleting line and a formulated product
facility in the same plant.

3. Filleting fresh fish landed by the nearshore fishe'ry
followed by deboning and formulated product manufacturers
Although this operation is similar to item 2 above, there
is an additional. market in the growing demand for fresh
seafood items in the United States.

CONCLUSIONS

The key to the future of both waste management and expanded
seafood sales is in "total utilization" of raw materials. In many
instances the amount of presently discarded edible flesh is greater
than. the product marketed. The use of this portion will greatly
reduce the disposable solids and create an economic base to »lo
recovery of remaining solids for products of commerce. The
for the expanding FCZ fisheries is to discard some waste at



and land a preprocessed frozen block th t re|1u res minimal di.sposal
facilities in the processing plant. The de Ieve opment of mincedfl~~h formulated products  i.e. dried batt -b d d,tter- readed, portion con-
troL etc.! will be stimuLated by the total til.i io a ut sation of low
priced fish from the FCZ. This in turn will create markets for
products from currently discarded portions of hi h i d fg pr ced fish.These developments and much of the accompanyi hccompany ng research must be
directed toward utiliiation of the entire ran re raw material and design-
ing logistic supports into the processes that i thg ve t e processor an
economic incentive rather than a regulatory co li dcomp ance ate.
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FISHERY WASTE MANAGEMENT IN THE GREAT LAKES

D. A. Stuiber

Sea Grant Advisory Services-Extension
Department. of Food Science

University of Wisconsin
Madison, Wisconsin 53706

INTRODUCTION

Prior to passage of environmental legislation in the
rnid 1960's and early 1970's, few people were aware of the
effect pollution was having on the Great Lakes ecosystem.
As a result of public hearings and debate on the subject,
citizens of the Great Lakes basin were made aware of the
Great Lakes resources and the role they play in the economy
and quality of life in the region. The lakes and their
water sheds had served as a source of water for heavy
industry, electrical generating facilities, potable
water for food processing and drinking, recreational
opportunities, food fish production, a transportation
network and were used as a sink for waste disposal. The in-
discriminant use of Great Lakes waters changed with the
realization that environmental quality, and in particular,
Great Lakes water quality were declining. A majority of
the people in the region viewed the promulgation of
regulations as positive and needed steps to preserve
these bodies of water for the future.

The regulations established to deal with environmental
quality are similar from state to state. In general,
the laws define what constitutes a potential pollutant
and outlines the restrictions for handling and disposal
of the material. The laws are specific in matters con-
cerning the direct introduction of foreign or deleterious
substances into the aquatic environment and do not allow
for direct dumping of any material into the lakes.

The industrial and public sectors have expended large
amounts of time and money installing and operating the
waste treatment facilities needed to meet the established
environmental guidelines. As a result of coordinated
efforts by both sectors, new and innovative approaches
to waste management and treatment have been adopted and
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put into pract.ice. Although the f '
as part of the industrial sector t f lle is ery considers itself
of view that fishery waste management is not an industr
be handled by the individual as best, h
this attitude toward waste management, the fishing industr
A clean aquatic environment is necessar tcri icism in the future.

stability of the ecosystem and is in thnecessary to insure the

that it be maintained. It would seem moin e in ustry's interest

that the Great Lakes fishing industry takseem more appropriate
us ry a e a more activerole in looking to the problems associated with th

it generates. e wi t e ~astes

Great Lakes Fishery Waste

The Great Lakes fishery is essentially a day fishery
meaning a producer leaves port in the morning and is back
in port the same day. A typical days' catch can range
from 100 pounds to two thousand pounds pl.us of fish. The
catch may be brought back in the round and dressed ashore
or, to save time, dressed aboard the boat on the trip back
to port. Once the product is ashore, it is usually shipped
to the processor as soon as possible. After shipping, any
waste produced is the responsibility of the person receiving
the fish.

The quantity of waste generated by the Great Lakes
fish producers and processors is small compared to that
produced by the marine fishery. Pileggi �! lists the
1975 total U.S. Great Lakes fish production at 60.6
million pounds. If the 1975 alewife production used for
fish meal and animal feed were subtracted from the total,
it would leave approximately 25.4 million pounds of human
food fish produced for that year. The 3.975 Wisconsin
commercial food fish production for 1975 was given by
Pileggi as 7.3 million pounds. Stuiber et al �! had
estimated that the waste generated by the Wisconsin
commercial fishery in 1975 ranged from 2 to 3 million
pounds. Using this range as a base for other commercia3.
fisheries in the region a simple calculation gives a range
for the total waste generated from U.S. Great Lakes food
fish production in 1975 of from 7 to 10 million pounds.
This amounts to a substantial quantity of waste which must
be disposed of within the region.

Typical fishery waste have been analyzed for protein
content and the results are presented in Table 3.. Examina-
tion of the table shows that fishery waste materials are
»gh in protein content.. This type of waste spoils rapidly,
produces offensive odors and requires special care when
being stored or disposed.
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Crude

Nitrogen Moisture Solids Protein
Sample

Description

36.9 13.6

36.1 14.2

37.3 1.2.4

63. 1

63.9

62.7

2. 17

2.27

l. 98

2-1 Viscera- Frame

1-2 Viscera- Frame

1-0 Viscera- Frame

80% Racks
20% Viscera
Commercial Plant

61.7 38.3 8.5l. 37

Viscera
Commercial Plant

71. 6 28. 4 12. 52.00

Table 1. Crude Protein Content Of Fishery Waste

The type of waste generated aboard the boat would
consist primarily of visceral material. If large fish
such as lake trout are included in the catch, they would
be gilled or headed and these items included in the waste.
In addition to what can be considered as onboard process-
ing waste, there may also be whole non-commercial fish
species and fish of questionable value heing discarded.

Wastes being generated in a shore based processing
facility would be of a more complex nature than the
wastes generated by a fish producer. The waste produced
in a plant handling fresh and frozen fish would normally
consist of scales, viscera, frames, and trimmings.
addition, these may also be included, smoked fish scrap,
waste batter and breading and waste material produced
from the handling and processing of other food products-

Great Lakes Fisher Waste Handlin Practices
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In a discussion of fishery waste management, Green
and Mallick �! state that "Important considerations
ing investment in fishery processing waste elimination.
are the small size and seasonal nature of most seafood
plants." Although the authors were describing the situa
tion as it exists in the marine fishery area, the descrip
tion more accuratelY describes the situation existing within
the fresh water fishery. The present situation is such
that the Great Lakes fishery does not have an established
fishery waste management program nor is there any conside
tion being give~ to the development of one. The fact



that methods employed to deal with Great Lakes fishery
wastes vary from area to area and with the people involved
in the fishery.

Fish producers from the Great Lakes region have long
been accustomed to dumping shipboard wastes over the side.
Since dumping is no longer allowed, waste disposal for
some fishermen has become difficult. However, the law
is also difficult, to enforce and not all fishermen comply
with it. It is common practice by a good number of fisher-
men, when well out from port, to slip the waste over the
side ~ The ever present gulls make short work of any float-
ing waste material while the more dense material sinks
leaving no trace. In most cases these fishermen will
bring back a container or two of waste as a hedge against
the possibility of someone spot checking the boats upon
their return. The amount of waste brought back is usually
only a fraction of the original quantity generated and
is readily disposed of by shore burial.

Those fishermen bringing all their shipboard generated
waste back to port find the disposal of such waste to be
costly in terms of both time and money. These fishermen
have a narrow selection of methods from which to choose
for disposal of the waste material. The method of choice,
when available, is the dumping into the local landfill
site. Local regulat.ions dealing with the dumping of
material such as fishery wastes and other highly perish-
able organic matter are usually restrictive and the waste
has to be covered to control flies, stench and access to
it by local wild and domestic animal life.

The management and supervision of dump sites requires
the presents of personnel and equipment to facilitate
the daily operation of the landfill site. In many of the
smaller communities labor and equipment costs have been
responsible for restricting type and quantities of waste
allowed in the landfill as well as the hours which the
site is operated. These practices have resulted in
eliminating the public landfill disposal method as a
viable option for many of the fishermen.

A less acceptable but available option is the use
of privately owned and operated refuse collection and
disposal facilities. This approach is used, but, not
extensively, since it involves an added cost factor in a
fisherman's business operation and can result in the
creation of a non-competitive situation for the individual
in the marketplace.

A number of producers have the opportunity to use
municipal sewage treatment facilities as a waste disposal
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method. Pre-treatment of the waste involves grinding
to reduce waste particle size. The resulting slurry is
flushed down the drain with large amounts of water to
eliminate the possibility of plugging the drain. It should
be pointed out that not. all sewage district.s will allow
this practice.

Great Lakes' fish processors experience similar
problems and limitations associated with handling waste
as do the producers. If one were to compare the degree
of difficulty of the producer's problems to that of the
processors, it would seem that the processors would have
the more difficult task. In some ways the problems of the
processor are more severe since the quantities of waste
generated are larger. However, the larger volumes of waste
open up several additional waste disposal alternatives.

Rendering and meat scrap processors are constantly
looking for sources of high protein animal waste and will
pick up fish scrap and process it. The key to being
considered for this type of treatment is the quantity
and quality of the waste. Fishery waste should be
relatively fresh and. show no sign of excessive lipid
ox idation or putr i f icat ion . Most renderer s see an advantage
in using fishery scrap since it helps increase the protein
content and quality of their meat and bone meal.

A few processors in the Great Lakes region have
developed markets for their waste. These individuals
freeze the waste material and market it to fur farmers.
The practice is very limited and seems to be phasing out
due primarily to chlorinated hydrocarbon microcontaminants
associated with Great Lakes fish and a reduction in fur
farming in the region.

Another waste handling alternative used by several
processors involves converting fishery waste into liquid
fish fertilizer, To date, the procedure has proved to
be both a successful method for processing fish waste
and economically beneficial to the individuals using it.
Although this procedure is attractive and could be used
by many persons in the industry it is not. a suitable
alternative for everyone. The process requires capital
investment and takes additional time and effort to develop
and maintain markets for the fertilizer product.

SUMMA.RY

It should be evident that no one particular waste
handling method can be identified as "the method" used by
members of the Great I akes fishery to handle and treat
fishery wastes. The waste handling practices employed
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are selected on the basis of what method can be used and
it> s cost and not what method would be the most convenient
to the user . Thi s situat ion leaves much to be desired and
has prompted some f i s hery per sonne 1 to request that the
situation be investigated and methods developed which
are flexiable, efficient and less costly. Until a larger
segment of the fishery assumes this posture, the situation
will remain static and could eventually harm the industry.





SEAFOOD VASTE TREA~

OCEAN DUMPING OF SEAFOOD WASTES
AS A WASTE MANAGEMENT ALTERNATIVE

Michael A. Champ*
Thomas P. O' Connor

P. Kilho Park
National Oceanic and Atmospheric Administration

Office of Marine Pollution Assessment, Ocean Dumping Program
Roc kvil 1 e, Maryland 20852

INTRODUCTION

Fish wastes, seafood wastes, fish parts, cul ls, or unedible
species have been discarded into the sea or at sea since the time
that man began to fish. The preservation of fish with salt and
the processing of whales at sea enabled man to extend his fishing
range and follow migrations of underutilized or nonutilized
fishery resources. However, only the most marketable or profit-
able portion was preserved and transported to shore-, the remain-
der discarded to the sea at the site of the catch. Shrimpers and
trawlers have always culled their catches between trawls. The
discarding of these wastes at sea has not been legally considered
as ocean dumping because ocean dum in is defined as the trans ort
of a waste to sea for the so e ur se of is osa

HISTORICAL PERSPECTIVE

In the United States 224,000 tonnes �46,000 tons! of cannery
wastes  from six East Bay fruit and vegetable canneries! were
transported and dumped offshore from San Francisco between 1960
and 1972 at an annual rate of 20,000 tonnes �2,000 tong! per year.
The disposal site was over a depth of about 80 meters �60 feet!
at a location approximately 32 km �0 miles! offshore �4'35'N
and 122 50'W!. Ocean dumping of this waste was terminated in 1972
because of increasing costs associated with monitoring require-
ments  Reed, 1975!. Fish wastes have been ocea'n drjrnped  trans-
ported to sea for disposal! in recent years in the Gulf of Mexico.
Louisiana menhaden fishermen for many years have ocean dumped
"bailwater," which is wash water, fish oil, and residue left over
after the fish are pumped from storage holds. Origina'lly, this
waste was dumped in local bayous; however, the State of Louisiana,
realizing the high oxvgen demand of these wastes, required them

Director of nvironmenta an arine Science, he American
University, Washington, 0.C. 20016. On I P-A- assignment
to NOAA.
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to be dumped offs oreff h e 5 6 km �.0 nautical miles!. The dumpir g of
these wastes o s aret ff ha e then created several fa'1se oil spH] alerts
for the U.S. oas uarU.S. C t Guard because of the surface sheen from the
fish oil.

The U.S. Environmental Protection Agency's  EPA! position that
these fis was es canf h tes can be ocean dlnped without a permit stems from
the exclusion clause in EPA's rules relative to P.L. 92-532 that
"fish wastes" do not require an EPA Ocean Dumping Permit {see the
following section on Legislation/Regulation!. EPA Region VI under
the mandate of these rules and regulations did not require an ocean
d ' ermit for these menhaden wastes because there were noumping permiadditives. Hut they used the discretionary judgment clause as to
where the waste can be dumped with suggestions as to the minimum
distance offshore or water depth for dumping. Another case on
record was a request to EPA Region Yl by a barge line that wanted
to ocean dump a load of rancid fish seal because the company wanted
to scrap the barge  Robert L. Vickery, personal conmunication!,

In the Caribbean fish wastes are ocean dumped by Starkist 11.1 km
�.0 nautical miles! south of Ponce, Puerto Rico, under EPA
 Region II! exclusion clause for fish wastes and with a Conmon-
wealth Permit of the Environmental guality Board of Puerto Rico,
This waste contains only cooker juices and no additives  Peter M.
Anderson, personal camunication!.

In Alaska, seafood wastes are discharged under EPA National Pollu-
tion Discharge Elimination System  NPDES! Permits through outfalls
 pipe lines! from land based plants or over the sides of moored
processing vessels. There are 139 individual NPDES Permits issued
for these discharges. The disposal of these wastes has not re-
quired EPA ocean dumping permits because they were not transported
to sea specifically for ocean disposal. Discharges permitted under
NPDES Permits are a function of receiving water quality standards
and are usually less stringent than those for ocean disposal  Haas
and Champ, 1978!.

The only seafood waste ocean dumped under an EPA Permit is r eflect-
ed in the recent August 25, 1980, notice in the Federal Register
by EPA Region 9 to grant a special Ocean peeping Permit to Star-
kist Samoa and VanCamp Seafood in American Samoa to ocean dump
389,230 liters �01,200 gallons! per day of fish cannery wastes
generated in American Samoa. These wastes contain 1! dissolved
air flotation  OAF! cell sludge, 2! stickwater or cooker juice.
and 3! press liquor. Because there was not an approved EPA ocea~
dumpsite for these waste materials, EPA designated an interim
ocean dumping site, 1.8 km   1.0 nautical mile! in diameter with
its center located at 14'22'S and 17p'41'g, 5.4 km �. 9 nautical
miles! offshore of Tutuila Island, American Samoa, in depths that
exceed 1,200 meters �,000 ft.!. Following 24 months of permittee
monitoring and studies and the cclnpletion of an Envirormental
Impact Statement  EIS!, a determination will be made a«o
whethet or not the site is suitable for permanent designatio~.



The waste contains stick water, or cooker juice, which is formed
in the precooking process where live steam contacts the fish, and
the resulting wastewater contains high concentrations of natural
organic material from the fish. Press liquor results from the com-
paction of recovered fish waste solids in the fish meal process.

The interim permit was approved by EPA for five reasons: 1! the
wastes had been ponded in two landfill sites which were subject to
poor soil percolation and over 500 cm �00 inches! of rainfall an-
nually with minimal evaporation and on two occasions had been the
source of two unauthorized discharges of sludge into Larsen Bay
when disposal pond dikes failed. 2! the ponded wastes had become
sources of noxious odors and disease vectors, hazards to human
safety, and potential sources of contamination of drinking water
wells, 3! the addition of floculating agents - alum  aluminum sul-
fate! and poly anionic polymers to the waste, 4! if these wastes
were discharged at a rate of no greater than 2000 liters �00 gal-
lons! per minute from a vessel moving at a rate of 5 knots, the
resultant water qua'lity in the mixing zone meets the water quality
standard of at least SO percent oxygen saturation in the water
column subsequent to dumping at the dumpsite, and 5! bioassays
found low toxicity with mortality due presumably to high oxygen
demand and low pH, both of which should be sufficiently mitigated
by a low discharge rate and dispersion of the waste  Christopher L.
Vais, personal conmunication!.

CHARACTERIZATION OF MASTE

Table 1. Chemical Analysis Data for Seafood Mastes to be Ocean
Dumped off American Samoa  EpA permit No. OD 79-01/02-Special!.

Vo'lume/com osition

195,700 liters/day
97 ' 434 liters/day
90,052 liters/day

DAF sludge
cooker juice
press ~aster

Characteristics

1. DAF sludge
pH - 5.8 to 6.2 standard units
bulk density - 0.773 to 1, 017 9/ml
suspended so lids 9 6 to 21 4 percent wet wt
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Canned and preserved seafood wastes originate from eviscerating,
cooking, pickl ing, preserving, and packaging. The waste is charac-
teristically high in proteins, fats, dissolved and suspended organic
materials, and odors  Anderson et al., 1979!. Mater quality para-
meters affected by ocean disposal of these wastes are biochemical
oxygen demand  BOD!, total dissolved solids, chemical oxygen de-
mand, oil and grease, pH, and turbidity  Canadian EPS, 1975!.
Table 1 presents chemical analysis of the fish wastes to be ocean
dumped off American Samoa.



volatile solids - 79.4 to 96,5 percent of
suspended solids

Total Organic Carbon  TOC! - 456 to 799 g/kg
dry wt.

Total Phosphorus - 739 to 1,031 mg/kg
Total Kjeldahl Nitrogen - 587 to 769 mg/kg
NO and N02 - 0.77 to 1.24 mg/kg
803 - 105,200 to 258,000 mg/1
Protein � 1.48 to 4.72 percent wet wt.
Fat - 5.80 to 6.50 percent wet wt.
Methylene Blue Active Substance  MBAS! - 6.5

to l3.4 mg/1
Al � 711 to 10,400 mg/kg dry wt.
Cd - 1.3 to 6.4 mg/kg dry wt.
Hg � 0. 01 1 to 0. 050 mg/kg dry wt.
DDT � N.D.

DDE � N.D.

2. Cooker juice
Fat 1 percent volume
Moisture 93 percent volume
Solids 6 percent volume

3. Press water

Fat 12 percent volume
Moisture 76 percent volume
Solids 12 percent volume

LEG I SLAT I ON/REGULATI ON

Federal regulation of the dumping of materials into navigable
waters first came into being in the U.S. with the passage of the
Rivers and Harbor Act of 1899  Section 10 of the Act: 30 Stat.
1151 j 33 USC 403!. In the early 1970s environmental legislation
was enacted that created the necessary statutory framework for pre-
serving and enhancing the air and water environments. In resp«se
to maintaining environmental awareness, Congress passed the Nation-
al Environmenta'l Policy Act of 1969  NEPA-Public Law 91-190. 42
U.S.C. 4321-4347, January 1, 1970, as amended by Public Law 94-52
July 3, 1975, and Public Law 94-83, August 9, 1975. This enact-
ment set forth a clear statement of the U.S. national policy on
environmental quality  Sec, 101! and created the Council on Envi-
ronmental Quality  CEQ!  Sec. 202! within the Executive Office of
the President. It also required a statement of envirorwnenta 1
impact for every proposed Federal project and all proposed legis-
lation significantly affecting the quality of the human environ-
ment  Sec. 102! and formal coordination  review process! between
Federal agencies for major actions undertaken  Sec. 103, 104!.
The Council on Envirormental Quality �970! reccxmwended a comp«-
hensive national policy on ocean dumping of wastes to end unregu-
lated ocean dumping and the prohibition of ocean disposal o«ny
materials harmful to the marine enviromnent.
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On October 18, 1972, the U.S. Congress enacted public Law 92-500
entitled "Federal Water Pollution Control Act Amendments of' 1972

is coNIKrnly called the Clean Water Act, ' The obgective of this
Act was to restore and maintain the chemical, physical, and bio-
log1cal integrity of the nation's waters. The statute, adminis-
tered by EPA, set into effect a massive effort to clean up the
nation's waters. Its central theme was a permit program calling
for str'ingent control of all effluent discharges. Excerpts perti-
nent to the control of marine pollution from the Act include a
water qual1ty surveil'lance system f' or monitor1ng the quality of and
promulgation of ocean disposal criteria and issuance of a permit
for lawful ocean disposal when in compliance with such guidelines
 Sec. 402, 403!. Critical aspects of Section 403 are:

" a! No permit under Section 402 of this Act for a discharge into
the territorial sea, the waters of the contiguous zone, or the
oceans shall be issued, after promulgation of guidelines establish-
ed under  c! of this Section, except in compliance with such guide-
lines. Prior to the prormlgation of such guidelines, a permit may
be issued under Section 402 if the Administrator determines it to
be in the public interest.

" b! The requirements of subsection  d! of Section 402 of this Act
may not be waived in the case of permits for discharges into the
territorial sea.

" c!  l! The Administrator shall, within one hundred and eighty
days after enactment of thi s Act  and from time to time thereafter!
promulgate guidelines for determining the degradation of the waters
of the territorial seas, the contiguous zone, and the oceans, which
shall include:

" A! the effect of disposal of pollutants on human health
or welfare, including but not limited to plankton, fish.
shellfish, wildlife, shorelines, and beaches;

" 8! the effect of disposal of pollutants on marine life
including the transfer, concentration, and dispersal of
pol lutants or their byproducts through biological,
physical, and chemical processes; changes in marine
ecosystem diversity, productivity, and stability; and
species and community population changes;

" C! the effect of disposal of pollutants on esthetic,
recreation, and economic values;

�! the persistence and permanence of the effects of
d1sposal of pollutants;

" E! the effect of the disposal at varying rates of
particular volumes and concentrations of pollutants;
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" F! pther ppssible locations and methods of disposal
or recycling of pollutants including land-based
alternatives; and

" G! the effect on alternate uses of the oceans, such as
mineral exploitation and scientific study.

" c! �! In any event, where insufficient information exists pn any
proposed discharge to make a reasonable judgment on any pf the
guide'lines established pursuant to this subsection, no permit shall
be issued under Section 402 of this Act."

The primary legislation for ocean dumping was the enactment by
Congress of P.L. 92-532, entitled "Narine Protection, Research, and
Sanctuaries Act pf 1972." It is caenonly called the "Ocean Dumping
Act." The Congress dec'lared that it is the policy of the United
States to regulate the dumping of all types of material into ocean
waters which would adversely affect human health, welfare, or
amenities, or the marine environment, ecological systems, or
economic potentialities.

Tp implement the U.S. policy, the Act regulates the transportation
of material fram the United States for dumping into ocean waters,
and the dumping of material transported fram outside the United
States, if the dumping occurs in ocean waters which the United
States has jurisdiction or over which it may exercise control,
under accepted principles of international law, in order to
protect its territory or territorial sea.

The Act prohibits the dumping of high-level radioactive wastes and
all biological, chemical, and radiological warfare agents into the
ocean. The dumping of other wastes  except dredged spoils regu-
lated by the U.S. Army Corps of Engineers! is strictly regulated
by the U.S. Environmental Protection Agency.

Title II of the Ocean Dumping Act is called "Comprehensive Research
on Ocean Dumping." It reads as follows:

Sec. 201. The Secretary of Cprenerce, in ccordination with the
Secretary of the Department in which the Coast Guard is operating
and with the  EPA! Administrator, shall, within six months of the
enactment of this Act, initiate a canprehensive and continuing
program of monitoring and research regarding the effects of the
dumping pf material into ocean waters or other coastal waters
where the tide ebbs and flows or into the Great Lakes or their
connecting waters and shall report from time to time, not less
frequently than annually, his findings  including an evaluation pf
the short-term ecological effects and the social and economic
factors involved! tp the Congress.

Sec, 202.  a! The Secretary of Cprmnerce, in consultation with
other appropriate Federal departments, agencies, and instrumental-
ities, shall, within six months of the enactment of this Act



initiate a comprehensive and continuing program of
respect to the Po ssible long-range effects of pollutiongram o research with

ing, and man-induced changes of ocean ecosystempo u ion overf i sh-

such research, the Secretary of Co~erce sh ll take into acc t
such factors as existing and proposed international po licies
affecting oceanic problems, economic considerations involved in
which the health of the oceans may best be preserved for
benefit of succeeding generations of mankind,

To implement the Section 201 mandate, National Oceanic and Atmos-
pher ic Administration  NOAA! in the Department of Coneerce estab-
lished the Ocean Dumping Program on October 1, 1976.

Qn January ll, 1977, the U.S. EPA issued "Ocean Dumping: Final
Revision of Regulations and Criteria." The EPA rules and regula-
tions describe in detail, considering the state-of-the-art of the
oceanographic and technological knowledge, the operational proce-
dures to be followed when an ocean dmping permit is sought.

Qf major importance to the seafood industry is Sec. 220.1  c! which
excludes "fish wastes" as requiring a permit for its dumping at
sea with EPA discretion as to where dumping will be prohibited
 harbors, etc.!. See below:

 c! Exclusions. �! Fish wastes. This Subchapter H does
not apply to, and no permit hereunder shall be required
for, the transportation for the purpose of dumping or
the dumping in ocean waters of fish wastes unless such
dumping occurs in:

 i ! Harbors or other protected or enclosed coastal
waters; or

 ii! Any other location where the Administrator
finds that such dumping may reasonably be anti-
cipated to endanger health, the environment, or
ecol og ical systems.

Dt specific scientific interest to the seafood industry is the
specific criter ia for dumpsite selection. The factors considered
include:

Geographic location;

Location in relation to breeding, spawning, nursery,
feeding, or passage areas of living resources in
adult or juvenile;

Location in relation to amenity areas such as
swimning beaches;

4. Types, quantities, packing, method of release
of wastes;
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Feasibility of surveil 'lance and monitoring;

6. Diffusion, dispersion, mixing;

7. Previous dumping effects including cumulative
effects;

8. Interference with shipping, fishing, recreation,
mineral extraction, desalination, aquaculture.
areas of specific scientific importance, and
other legit1mate use of the ocean;

9. Hater quality and ecology of the site;

l0. Potentiality for the development or recruitment
of nuisance species at the site;

'll. Cultural or historical site.

On May 8, 'l978, the U.S. National Ocean Pollution Planning Act,
P.l . 95-273, was enacted by the U.S. Congress. The purposes of
the Act are as follows:

l. To establish a comprehensive 5-year Plan for Federal
ocea~ pollution research and development and monitor-
ing programs.

2. To develop the necessary base of information to
support, and to provide for, the rational, effic1ent,
and equitable utilization. conservat1on, and
development of ocean and coastal resources.

3. To designate NOAA as the lead Federal agency for
preparing the comprehensive 5-year Plan and to
require NOAA to carry out a comprehensive program
of ocean pollution, research and development, and
monitoring under the plan.

PERMIT PROCESS

A good sLNmoary and review of the EPA ocean dumping permit process
with an outline of the format for requested information is given
in Harm et al. �976! for ocean dumping in the Gulf of Mexico.
Figure 1 presents a schematic conception of how the legislation
and regulation processes interface for the evaluation of ocean
dumping permits and the management of disposal sites. Figure 2
follows with a generalized flow diagram of the EPA perm1t decision
making process from the receipt of an application to the issuance
or denial of a permit,

There are five different types of ocean dumping permits: General,
Special, Emergency, Interim, and Research. EPA granted a Special
Permit for the fish wastes at American Samoa, Special permits are
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APPLICATIOH SUShhITTED

TO REGIOH

PRELIhhINARY EVALUATION OF APPLICATION

DETERhllNATION OF COhhPLETE APPLICATION

PUSLIC NOTICE WITH TEHTATIYE DECISION AND

AHNOUNCEhhEHT OF PUSLIC HEARING

TENTATIVE DECISION TO DENYTENTATIVE DECISION TO ISSUE

HEA RIHG

FINAL EVALUATION Of AFPLICATIOH AHD ADDITIONAl.

INFORhhATION FROhh PUSLIC PARTICIPATION

ISSUANCE OF PERhhlT DEHIAL OF PERhhIT

N OT1FICATION

OF COAST GUARD

SURVEILLANCE

ENFORCEhhENT ACTION

hhOHITORING

OF DUhhP SITE

Figul e 2, Generalized Flow Diagraln of the EPA Ocean

Dumping Permit Decision Making Process

 Modified from kann et al., 1916!.

112



issued for waste disposal of materials which could not be consider-
ed under a general permit  buria'f at sea, target ships with no re-
newal! but do meet the ocean dumping criteria. Unpolluted dredge
spoils are usually cited as an example. Special permits have a
fixed expiration date �-year maximum! and specify the exact
quantities and location of the dumpsite and may be renewed.

We would like to emphasize that no EPA permit is required for re-
turning fish parts to the sea. However, a permit has been required
if the waste includes process water that contains additives as in
the case of American Samoa fish cannery waste.

OCEAN DUMPING COSTS

Projections of economic costs associated with actual dumping depend
upon 1! ownership or leasing costs for barge and tug and 2! round
trip distance from barge loading facility to dumpsite. There are
no readily available actual cost. annual costs, or general esti-
mates for barging fish wastes. Therefore, an extrapolation must
be made using existing costs for sewage sludge or dredged material
with fixed distances. The most recent estimate for sewage sludge
to the 20 km �1 nautical mile! New York Bight sewage sludge dump-
site is $1.37 per wet tonne  $1.25 per wet ton!,  EPA, 1978!. If
sewage sludge from New York were barged to the 106-mile site,
210 km offshore the costs are estimated at six to eight times
higher. In 1977 NL lnudstries estimated its ocean dumping costs
for acid wastes at $2,900 per trip  with 640 trips! to the adja-
cent acid waste dumpsite in the New York Bight. Allied Chemical
has estimated its costs at five times NL Industries cost, with
$14, 167 per trip with 12 trips, in the same period. These costs
include tugs, fuel, maintenance, and associated shore facilities.
These costs do not include costs associated with permit analytical
requirements, reporting, and alternative studies required by
current permit conditions such as site monitoring and bioassay
costs. Monitoring surveys by both companies have been estimated
at $17,000 each  EPA, 1979!.

SUMMARY

Fish wastes, as defined for ocean dum in , are the returnin to
the sea an una u terate without a itive seafoo wastes. he
returning to t e sea of ea s, tai s, viscera, oo , sca es. and
washwater associated with fish processing has not required an EPA
ocean dumping permit because arguments in favor of thi s opt~on
center around the fact that it returns nutrients to the sea for
the further support of marine life and that the process recycles
products from the sea in a manner similar to the natural process
of death and decay, The argument for processing wastes to be
considered similarly has some validity, particularly cooker juices
or press liquor because the denaturization of proteins is similar
to short-term high heat or longer term dehydration. The interpre-
tation that sludges, which have chemical additives for enhancement
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of flocu'lation, should require an EPA ocean dumping permit and be
disposed of in a regulated manner, provides the degree of protec-
tion to the marine environment that Federal legislation requires
of all industrial wastes. EPA's philosophy is that ocean dumping
is not the preferred alternative method of waste disposal just be-
cause convenience or economical  may be cheaper than new plant con-
struction! or social benefits  unpleasant odors associated with
ponding, etc,! are gained. Ocean dumping is the last resort
alternative. The dumping of these wastes into the ocean has only
limited recyc'ling value as compared to the use of fish wastes in
the lJ.S. for pet food and in many foreign countries for fish meal
for human consumption.

Fish processing plants located on islands in the tropics have
limited land available for land treatment, high rainfall, poor soil
percolation, a limited pet food market  high costs of shipment and
small local pet population! and a low consumer preference for fish
meal  because of high availability of local fishery resources!.

The impacts from ocean disposal of "fish wastes" can be: 1! high
oxygen demand on receiving waters, 2! visible surface slick,
3! turbidity plume, 4! organic enrichment. and 5! the attractant
of undesirable predator species  i.e., sharks!. The oxygen demand
of ocean dumped fish wastes will present a unique research oppor-
tunity to assess the natural oxygen regeneration process. Espe-
cially in the tropics where warmer water temperatures  with lower
oxygen saturation levels!, higher metabolic rates' and less dense
phytoplankton populations yield greater oxygen depletion risks and
resultant bioturbations. Studies of the decomposit~on process of
these fish wastes in the deep ocean will yield a great insight into
the assimilative capacity of the ocean for naturally occurring
compounds.

In Canada observations made by scuba diver s indicated that the
fish species most commonly associated with processing plants in
coastal waters were flatfish. cunners, tom cods, sculpins, and
wolfish. Also, large schools of herring or mackeral were observed
to have feeding forays into the effluent for periods of time
 Canadian EPS, 1975!. It will be difficult to predict or detect
the effect of ocean disposal in deep waters. The attraction and
possible retention of large numbers of sharks in a given area
should be expected. The turbidity plume or eutrophication caused
by nutrient enrichment can be very deleterious to coral reefs.
However, these impacts, except for the sharks, can be reduced by
1! the select~on of a dumpsite, 2! determining the loading-
assimilative capacity of the dumpsite ecosystem, and 3! determina-
tion of proper discharge rate, Monitoring programs are necessary
for the detection and early warning that an alteration of' the
ecosystem is occurring in time to prevent irreversible
deterioration-
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RKHOVAL OF SUSPKNDKD SOLIDS FRY SKAFOOD PROCESSING WASTEWATERS

R. A. Johnson and K. L. Lindley
Institute of Water Resources

University of Alaska-Fairbanks

INTRODUCTION

There are at least four reasons why suspended solids should
be removed from wastewater being discharged by seafood processors.
First, discharge of fish processing wastes into harbors and es-
tuarine areas has caused significant pollution problems. In Alaska,
waste products from canneries created unpleasant conditions in
Kodiak Harbor in the early 1970's  Buck, 1975!. Since then, the
situation has markedly improved with the installation of screens.
Second, by-product recovery can help feed the hungry of the world.
For example, over 70X of the Alaskan king crab catch is discarded
 Jensen, 1965!. While thirty percent of the world's seafood catch
is now converted into fish meal  Idyll, 1978!, much more could be
recovered. Third, there are many other uses for recovered by-
products such as chitin  Sea Grant, 1977!. These include contam-
inants from water. Fourth, solids removal is one step toward
making water reuse possible. The latter is desirable to minimize
intake water required per given amount of product. Even Alaskan
processors could benefit from reducing their intake water require-
ments because of periodic localized water shortages. In Kodiak,
for example, the canneries were shut down for an extended period
during the winter of 1971 because of a low water supply  Collins>
1977!.

The recovery of suspended solids is important for Alaska
because Alaska's contribution to the national seafood industry is
very significant. In 1972, 86X of all the salmon harvested in the
United States were caught in Alaska and processed in 43 plants there-
All of the king crab and much of the scallop harvest originates in
Alaska. In addition, Alaska accounted for 69X of the West Coas't
halibut harvest in 1969  U, S. K. P, A., 1975!.

We therefore initiated a pro]ect in 1977 relating to suspend
solids removal from seafood processing wastewater streams.
particular device for removing suspended solids, the hydrocycl»e~
has been emphasized in this study. As shown in Figure 1,
hydrocyclone utilizes pressure forces to cause rotation of a f»i
and hence create centrifugal forces. These forces separate p~~ti
cles with specific gravities greater than the carrier fluids
suspended solids  S. S,! migrate outward toward the conical »ll
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d are removed in the underflow stream Thewall of the cyclone an are
clarified liquid leaves v aia the overflov. Cyclones have been wide]y

' d t ies including mining, pulp and paper, che-used by various industries nc
ical, snd food  Bradley, 1965!.

LABORATORY RESULTS

A laboratory test oop capt t loop capable of processing flows up to 2.5
�0 gpm! is shown a gurh i Figure 2. This loop consists of a 2.5 horse-
power ]et pump, cyc one, prI e pressure gauges, aad calibrated collection
tanks for the fee , over ow,h f d erflow aad uaderflov. The three differeat
cyclones teste d in this loop were a 25 szz � in.! Doxie aad 75 mm
� in.! NZ from Dorr ver anf Do -Oliver and a 38 sm �.5 in.! device manufactured
by Krebbs. Initial tests were performed using a simulated waste-
water obtained by adding fragments from king crab claws to water
 Figure !. ese3!. Th fragments ranged in size from about 50 to 750'.
The mass-averaged shell size, d, was about 180'.

2
2 = midi

IN.

Here, Ni is the number of fragments of size, di. Aad di is a
geometric mean size of the flat surface of the platelet-shaped
shell. The platelet thicknesses are assumed to be a uniform 20'.
Hence, dm is a mass-weighted characteristic size.

Test results  Table 1! iad.icate high removal of S. S. Here,
the intrinsic separation efficiency

t-Rf
1-R

f

where s is the mass of shells in the underflow divided by the mass
ia the feed, and Rf  Figure 1! is the underflov to feed flow split
The intrinsic separation efficiency is a measure of the ability «
a cyclone to separate over and above that attributable to hydrody-
namic entrainment alone. The concentration factor, CP, is the
ratio of solids concentration ia the underflow to that in the fe«-
The larger it is, the less energy has to be devoted to traasp«ting
the underflow, which contains the solids, to a by-product processing
pleat. For these laboratory results, S. S. are those particles
retained by Mhatmaa number 40 filter paper.

The next series of tests were conducted using wastewater
tained from a shrimp processing plant in Kodiak. As shown »
Figure 4, the particulate matter in this wastewater consisted of
both fleshy and chitinous matter having a wide range of shapes an
sizes. To avoid clogging the inlet orifice of the 25 szs Doxi
hydrocyclone tests were performed only after matter larger t"
4000 microas had been removed by screening, The particulates «
tained on the screen were then added to water and process« by a



FIGURE 2. LABORATORY TEST LOOP
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FIGURE 3. KIHG CRAB FRAGMEHTS

120



4l
d V
4J
QJ 0 b0

u g

CO
C>

4J iR
a

CV

c5

4!
Qj
C4 0

W Cl
0

C 8 0

C3 4l
N

4J

Q
Q

V H
ale g
4
Ol �

A R

~
u '0
4I
4 W
CA 0

0 >
H O
4J
qj a
4

0
g u
4l V

c5

O

Q a
C 0
0 %
U

ee

� CO
ce

4J

8



FIGURE 4. PHOTOMICROGRAPHS OF SHRIMP AND SALMON FEED.
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3-inch NZ cyclone from DorrMliver. For the three runs involving
these two cyclones, the intrinsic separation efficiency, s, aver-
aged 82X. The average turbidity and settleable solids reductions
were 62X and 87X, respectively.

Tests on wastewater from red salmon processing produced similar
results with c averaging 83X for the 25 sm Doxie cyclone at the
natural flow split, Rf of 0 ' 30. This wastewater did not have to be
prescreened because the largest particles were less than 1,500
microns. The efficiency decreased when either Rf was substantially
reduced, the 75 mm cyclone was used, or the larger particles were
removed prior to a run. Both the shrimp and salmon wastes were
frozen. before shipment to the laboratory. The wastewaters were
created by thawing the samples and adding water until the desired
solids concentrations were obtained.

DISCUSSION

To understand the laboratory results in greater detail, we
used particle size distribution data obtained from photomicro-
graphs plus available cyclone efficiency correlations  Bradley,
1965; Johnson, 1976! to analyze the data.

V l-R !tan
f 2

2
'50 = 3~Di

1/2
�!

D Af P -1!

Where d50 is the diameter of a particle such that s = .50. Bradley1

and pulling �959! found p is an empirically determined constant
depending on viscous losses, V is the kinematic viscosity, and p
is the specific gravity of the solids. The othe~ geometric
quantities are defined in Figure 1.
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This study has demonstrated that cyclones are capable of
efficiently separating shell fragments smaller than 100' in size
from water. This should be contrasted with 40- mesh screens now
required as solids-removal devices for most U. S. seafood processors.
These will typically only remove solids down to 40. in size.
Since considerable amounts of chitin and protein may be found in
shell fragments smaller than 400', a cyclone would allow recovery
of more by-products than a standard screen. In fact, Chancy �979!
reports that 60X of the S. S. from one shrimp processing plant
were particles less than 400@ in size.



To complement equation 3, a relationship is needed for
intrinsic efficiency. By curve fitting data presented in Bradley
�965!, one finds that

d 5/4s' = 1-exp -  � � .255!
50

�!

for a particle of diameter d.

Equations 3 and 4 can be combined with the par ticle size
distribution in the feed to predict the overall intrinsic ef-
ficiency. If f x!dx is the fraction of particles having diameters
between x and xtdx, the overall intrinsic efficiency is

d~
J' x f x!r.  x/d50!dx
0 �!

f x f x!dx
0

Here, dt is the diameter of the largest particle in the feed. for
a more complete discussion of the theory, see 3ohnson �976!.

The specific gravities, ps, of the various particles were de
termined by weighing and volumetric displacements of water
values were 1.580, 1.025, and l.p10 for the crab shell fragment ~
shrimp, and salmon respectively.
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To the authors' knowledge, these equations have not been used
to analyze data involving the separation of seafood S. S. from
water. The constant, y, has been found to vary between about 0.4
and 1.4 for a variety of other particles. Me have used the data
on crab and salmon wastes to infer values of y for these two mater-
ials. A computer program was written to enable us to calculate a
theoretical c for a given d5p and particle size distribution in1

the feed. This involved using equations 3 through 5, plus know-
ledge of the particle size distribution and specific gravities
in the feed. The program was run several times for different values
of d50 until the calculated efficiency equalled the measured value.
Then y, as calculated from eq 3, was found to equal 0.4 and 3, for
king crab shells and salmon waste materials respectively. The
results for the shrimp are inconclusive because of insufficient
particle size distribution data. This indicates that existing
solid-liquid separation correlations can be used to predict cyclone
performances for seafood processing, providing appropriate values
for y are used. Of course, we have only verified this correl, ation
for one size cyclone. awhile more work remains to be done to «
tend these correlations to larger sizes, the cyclones value reporte
here could be used as a first approximation for anyone designing
a solids-separation system employing cyclones.



PILOT PLANT RESULTS

A pilot plant was constructed in January, 1980, at a seafood
processor in Kodiak, Alaska. The system consisted of a 1,000-gallon
collection tank, a 15-horsepower centrifugal pump, three cyclones,
and the associated plumbing  Figure 5!. The concentrate is processed
by a 75 mm type NZ cyclone plus a 2S mm Doxie cyclone, while the
overflow passes through two 75 mm cyclones. The recycled flow con-
sists of the overflow from the 25 mm unit plus the underflow from
the second 75 mm unit. All three cyclones were made by Dorr-Oliver.
The typical flow splits, Rf, were 0.07, 0.34, and 0.39 for cyclones
one, two, and three, respectively. Standard operating conditions
consisted of 2.5 1/s �4 gpm! leaving the collection tank comprised
of 1.3 1/s �4 gpm! entering from the processor's wastewater line
plus 1.2 1/s �0 gpm! of recycled wastewater' The concentrate
and final overflow averaged 0.063 1/s � gpm! and 1.3 1/s �3 gpm!
respectively. These splits were achieved by using a 2.54 cm  l-in.!
vortex and .63 cm  .2S m! apex on the 75 mm cyclone closest to the
feed and a 1.52 cm  .626 in.! vortex and 1.27 cm  .50 in.! apex on
the second 75 mm cyclone.

Results to date indicate the S. S. from tanner crab, salmon,
and shrimp wastewaters are being efficiently removed by this pilot
plant. Efficiencies comparable to those attained in the laboratory
loop have been obtained for the shrimp and salmon on material col-
lected from a 0.03 inch Baker hydrasieve. The pilot plant removed
two-thirds of the solids passing through the hydrasieve for tanner
crab wastewater. Although CF's up to a factor of 30 were achieved,
the underflow was sti,ll too moist to be acceptable by a by-product
recovery plant. The final data reduction on all these results is
now being completed. The economic implications of this technology
are also being addressed. Preliminary calculations indicate the
0 and M costs for cyclones of around SC/1000 gals. are only a small
fraction of a processor's operating costs.

CONCLUSIONS

1. Hydrocyclones can efficiently remove particulate matter
from seafood processing wastewaters.

2. The costs of operating and maintaining the cyclones are
orders of magnitude less than the operating costs for the processor.

3. For Tanner crab processing, 3 inch cyclones served as
excellent polishi.ng devices for the effluent from a Bauer hydrasieve.

4. Although the cyclone overflow might be sufficiently clean
for discharge into receiving waters, the underflow may have to
undergo additional concentration before it can be usable by a by-
product recovery operation.
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FIGURE 5. PILOT PLANT
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LAGOONS AS A TREATMENT FOR SEAFOOD MASTES

Joe H. McGilberry
Mississippi Cooperative Extension Service

Food and Fiber Center

Post Office Box 5426
Mississippi State, Mississippi 39762

Lagoon systems are one of the more widely used waste treatment
processes. The advantages of this system is its being relatively
maintenance free and able to handle moderate shock loads, hydrau-
lically and organically without loss of ~aste relaoval performance.
Lagoon systems are coasaonly found in rural areas where land is
available and the local population is Low. Generally, lagoon
systeas are utilized either as an aerobic lagoon, a facultative
lagoon, or an anaerobic lagoon.

Aerobic lagoons are used primarily for the treatment of
soluble organic wastes and effluents froo wastewater treatment
plants. The facultative Lagoon or aerobic-anaerobic lagoons are
the most coaaonLy used type and have been applied to the treatment
of doaestic wastewater and a wide variety of industrial wastes.
Anaerobic ponds are especially effective in bringing about the
rapid stabilization of strong organic wastes

Aerobic Lagoons are generally subdivided into two groups:
ShalLow lagoons, with depths ranging from 2.5 feet to

4 0 feet. A stabilization lagoon is a relatively shallow body «
water contained in an earthen basin of controlled shape, whic»s
designed for the purpose of treating wastewater.

2. Deep lagoons, 7 to 10 feet deep, with aeration devices
included to ensure maintenance of aerobic conditions.

An alternative to the shallow Lagoon is the deep, aerated
Lagoon. These deeper lagoons can operate at greater surface
organic loadings than shaLlow lagoons and yet. maintain higher
organic removals.

L28



Stabilization La pons

The desi.gn. of this lagoon requires that th d
be no less than 2.5 feet and no more than 5 feet. Th l

~ e agoon maybe operated in series or parallel.
in an area where soils may allow pe«olat
contamina'tion of ground vater, the retentio
with bentonite clay or a plastic liner on the bottom d d
the pond to prevent seepage into the soil

These lagoons are designed to take advantage of the eff t of
sunlight, algae, and oxygen to improve the quality of the waste-
water. Algae uses carbon dioxide resulting from the decomposition
of organic matter, and it releases oxygen. Aerobic bacteria are
multiplied extensively by this oxygen release; they digest. the
organic waste . The sunlight penetration provides for the life
and growth of algae. The light penetration to the lagoons may
reach a depth of three feet, which helps in this process of
stabilization. When lagoons are properly controlled and used in
conjunction with other treatment processes, they become very
effective.

The term "oxidation pond," often used, is synonymous vith
stabilization lagoons. Stabilization lagoons have become very
popular because their low construction and operating costs offer
a significant financial advantage over other recognized treatment
methods. Lagoons of this type are nov serving such industries as
slaughterhouses, dairies, poultry-processing plants, and rendering
plants.

In operation, the pond loading is adjusted to reflect the
amount of oxygen available from photosynthesis and atmospheric
reaeration. The efficiency of BOD conversion in a stabilization
lagoon is high, ranging up to 95 percent; however, it must be
remembered that, although the soluble BOD has been removed from
the influent wastewater, the pond effluent vill contain an
equivalent or larger concentration of algae, which may ultimately
exert a higher BOD than the original waste.
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An aerated lagoon is a basin in which wastewater is treated
on a flow-through basis. Oxygen is supplied usually by means of
surface aerators or diffused aeration units, The action of the
aerat.ors and that of the rising air bubbles from the diffuser is
used to keep the contents of the basin in suspension. Generally,
the lagoon depth is between 10 to 12 feet and can handle between
1 to 15 lb. BOD/1000 cu. ft./day. Aeration requirements are the
same as for an activated sl~dge system, that is dissolved oxygen
levels of 1 to 3 mg./l. Approximately 0 .2 pounds of sludge solids
vill be produced for each pound of BOD applied to the system.
Therefore, a quiescent zone at the end of the lagoon, or a polishing
pond should be used in conjunction with the aerated lagoon
operation to remove the suspended solids and reduce BOD in the
final effluent. In the treatment of most wastewaters, only 7 to
10 days is needed.

es of Aerated La oons

Depending on the amount of mixing, lagoons are often
classified as either aerobic or aerobic-anaerobic, Figure 1.

The contents of an aerobic lagoon are completely mixed, and
both the incoming solids and the biological solids produced from
waste conversion do not settle out. In effect the essential
function of this type of lagoon is waste conversion. Depending on
the detention time, the effluent will contain about one-third to
one-half the value of the incoming BOD in the form of cell tissue.
Before the effluent can be discharged, hovever, the solids must be
removed by settling  a settling tank is a normal component of most
lagoon. systems!.

In the case of the aerobic-anaerobic lagoon the contents of
the basin are not completely mixed, and a large portion of the
incoming solids and the biological solids produced from waste
conversion settles to the bottom of the lagoon. As the solid~
begin to build up, a portion will undergo anaerobic decomposition.
Thus the effluent from this type of 1.agoon will be more highly
stabilized.
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Use of Aerated La oons in Seafood Processin

Documents covering blue crabs and bottom fish, respectively
indicate that aerated lagoons are the technological basis for the
effluent limitations. However, the National Cosasission on Water
Quality Report noted that:

The use of aerated lagoons to achieve five-day
biochemical oxygen demand removals in the range
of 75 to 97$ for BAT for the cat.fish and crab
processors is not realistic. Secondly, since
the vast majority of the crab processing plants
are in non-remote coastal areas required acreage
for lagooning was assumed to be restrictive.
Consequently, the use of aerated lagoons, heing
deemed physically and economically prohibitive,
was not considered as a ~iable treatment alter-
native."

The above rationale applies to the blue crab processing
plants in Naryland, except that they are, for the most part,
located i.n remote areas. Nevertheless, land availability and use
restrictions, as well as economic considerations, severely limit
use of aerated lagoons.

Facultative La pons

Three zones exist in a facultative or aerobic-anaerobic
lagoon, Figure 2. They are  l! a surface zone where aerobic
bacteria and algae exist; {2! an anaerobic bottom zone in which
accumulated solids are actively decomposed by anaerobic bacteria>
and �! an intermediate zone that is partly aerobic and partly
anaerobic, in which the decomposition of organic wastes is carried
out by facultative bacteria. Because of this, these lagoons are
often referred to as facultative lagoons

In practice oxygen is maintained in the upper Layer by the
presence of algae or by the use of surface aerators .

In these lagoons, the suspended solids in the wastewater are
allowed to settle to the bottom. The maintenance of the aerobic
zone serves to minimize odor problems, because many. of the liquid
and gaseous anaerobic decomposition products, carried to the
surface by mixing currents, are utilized by the aerobic «ganis~ '
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Anaerobic La pons

The retaining basin of an anaerobic lagoon is usually
constructed with a mininal depth of l5 feet and a reduced surface
area allowing for the developaent of a cover which is derived fron
the fats, oils, and greases in the wastevater. This cover also
functions as a theraal insulator and to prevent the escape of
objectionable odors to the atjsosphere. When a cover does not
develop, then it nay becoae necessary to place an artificial
cover over the lagoon. To assure a 75'X BOG removal, a nutrient
loading of 20 lbs./3.000 cu. ft./day should be aaintained. This
systea can be functional at 25 degrees C but higher teaperatures
favor the biological activity of the systea. Since approxiaately
25$ of the BOD still remains in the wastewater, there is usually
an aerobic waste treatnent step that follows the anaerobic lagoon.
After adequate 809 reduction under aerobic treatnent, the treated
wastewater enters a polishing or facultative stabilization pond
vhere the suspended solids are permitted to settle and the residual
organic natter to stabilize prior to discharge to the receiving
body.

Desi Considerations

Factors that oust be considered in the process design of
aerated lagoons include �! ND resoval, �! effluent character-
istics, �! oxygen requirenents, �! tejsperature effects, and
�} energy requireaent for aixing. Lagoon design paraaeters are
provided in Table l.

Lagoon systesLs provide a very effective technique for the
treating of food processing wastes in general, and they csn be an
effective technique for treating seafood processing wastes in
particular. However, to utilize lagoon systems effectively and
econoaically each potential application aust answer certain
questions, such as:

l. Is adequate land  acreage! available for the treatment
facility'1

2- What zoning restrictions are present for the proposed si«.
3. What is the land cost per acreV
4. What is the soil coIsposition, will it percolate, will it

require lining?

It is easy to see that the answers to these questions can
severely lait the application of lagoon syst~ for individ~l
processors in the seafood industry. As new goals and standards
for vaste treatnent in the seafood industry are proaulgat« ~
the industry is expected to ijsplenent effective effluent control
new approaches to providing these controls will have to be
evaluated such as cooperative or regional treataent
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DISSOLVED AIR FLOTATION FOR TREATMENT OF SEAFOOD WASTEWATER

A. J. Szabo
Domingue, Szabo & Associates, Inc.

Lafayette, Louisiana

INTRODUCTION

Wastewater from seafood processing may be effectively treated
by Dissolved Air Flotation techniques. There are now several in-
stallations which have been reported in the 1iterature  l!, primarily
as applied to wastewaters from tuna, other fish, and shrimp. This
paper will specifically report on a system installed to treat shrimp
and oyster wastewaters from a Gulf coast cannery.

Demonstration and research projects were sponsored by the
American Shrimp Canners and Processors Association with EPA assis-
tance. First, a wastewater characterization and DAF pilot plant
study was funded in l972 �!. Then, in 1974 a full scale plant
demonstration was authorized and it was completed in 1978 �!.

The Gulf seafood processors and canners have been, typically,
family or small group ownership, seasonal, small business enter-
prises located along the shoreline or on the banks of waterways.
Available land is extremely limited and residences and business
have been crowded around the plants. As development occurred, water-
way use for recreation, and for the discharge of other wastewaters
increased. Over the years some waterway flows were diverted,
cut off or changed appreciably by flood control, road or navigation
projects. Also, seafood processing volumes increased. Most pro-
cessors discharged the wastewaters directly into the adjacent
waterway from which the catch was taken. Some were connected to
public sewers, but the small systems could not handle the intermit-
tent high volumes and heavy organic loads. Some seafood processors
needed to find a solution to the wastewater discharge problem.

Due to the seasonal, intermittent and extreme variation in
flow volumes and the unavailability of land area, biological treat-
ment methods were not considered viable alternatives. The more
adaptable disso1ved air flotation  DAF! system was the method which
seemed to offer better possibilities in the 70's, and it was chosen
for the demonstration project.

MATERIALS AHD METHODS

Characterization of vastewaters was the necessary first step
in determining the effectiveness of DAF treatment. Detailed flow
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WASTEWATER DATA, GULP SHRXMP CANNERY

Concentration~ /1Plow

Gallons/ Z of
1000 lbs.* Total

BOD5 0 6 G TSSProcess

143 1.9 4, 278

2,375

899

650 1,711

963

Rece iving

Peelers

Separators

Graders

Deveiners

Canning Room

Plant Discharge

2,825 38.0 257

4017.7572 34

237 1903.2 12395

1,289

2,373

7,730

21117.3 14366

32931.9 781 17

555100. 0 1, 070 115

+Raw shrimp processed

Numerous bench scale jar tests vere performed to determine
chemical coagulant and coagulant aid dosages and pH conditions for
maximum removal of suspended solids. These were then transferred
to the pilot scale treatment system for evaluation. Further jar
testing vas done during the plant scale project, also.

The data collected during operations in 1972-73 were used in
evaluating the pilot system, and it was concluded that DAF shoved
promise as a shrimp processing wastewater treatment methods
plant scale demonstration project then followed. A DAF system was
designed which would permit it to be operated in either of the
three modes:  i! full flov pressurization,  ii! partial flow
pressurization, and  iii! recycle pressurization. The flow
schematic is shown in Figure 2.

In conjunction with the development of wastewater data>
study was made of possible water conservation and control procedure~.
Subsequently, a vastewater management. plan was developed a«
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measurement, sampling, and laboratory analyses of wastewaters from
the various unit operations in the processing plant and of the
total waste~ster flow vere undertaken at the study plants: the
Robinson Canning Company in Westvego, Louisiana, during the pilot
program and the Violet, Louisiana plant of Southland Canning 6,
Packing Company for the plant scale project. In addition waste-
vater samples vere analyzed from other plants in the Nev Orleans
area, in the Biloxi, Mississippi area and in the Bayou Grand Caillou
area of Louisiana. The general processing schematic diagram is
shown as Figure 1. Wastewater flows and analyses are typified in
the table below.
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instituted at the project processing plant an - astewater flow volumes
were reduced from 7,730 gallons Per 1000 popoun s of raw shrimp pro-
cessed, in 1975, to 4,420 gallons per 1000 d i 19poun s, in 1977.
43/ reduction fn wastewater flow was accomp I d b iwas accompanied by a significant
reduction in total pollutants discharge, also.

Especially during the pilot study, but also during plant scale
operations, the effectiveness of screening asn ng as wastewater treatment
was evaluated. Removal of larger suspended solid matter is the
practicable limitation of this process.

The DAF system was purchased in late 1975, but because of
installation and start-up problems too numerous to mention here,
it did not function effectively in the Nay-July, 1976 season. Al-
t.hough it was more functional by the fall season, it was not until
1977 that performance was reliable.

The DAF treatment plant was first operated as a physical
treatment system, without any chemical addition. Limited removals
of BOD5 and oil and grease were accomplished, and solids exIsting
in suspension were effectively reduced. Removals attained were:

BOD5 3.5R
Oil and Grease � 10.51
TSS � 69.4%

COAGULANT COMPARISON FOR DAF TREATMENT OF GULF SHRIMP WASTEWATER

Coagulant
Aid

-Dosage
  /1

per Cent Removal No.
Test
Runs

Coagulant
Do sage  mg/1! BGD5 TSS 0 & G

56.7 73.3 67.7PRA-1

60
835A
2.5

71, l56.868. 5507C
300

Alum
219

835A
5.0

2348. 5 62.7 87. 3835A
3.9

141

Physical-chemical treatment was the primary objective and
most efforts were directed toward obtaining optimum performance.
In all circumstances, pH was controlled between 4.5 and 5.0 by
the addition of sulfuric acid to the influent. Coagulants were
added to the system influent stream and coagulant aid was injected
into the pressured flow entering the flotation cell and/or into
the flocculation tank. Effective pH control and coagulant-
coagulant aid additions resulted in significant removals of the
conventional pollutants. Full flow pressurization mode average
removal performance levels are shown i.n the following table by
types of coagulant applied. PRA-1 is a ligno sulfonate by-product
of the timber industry. Coagulant aids 507C and 835A are long-chain
polymers. Alum is filter alum, aluminum sulfate,



MODAL COMPARISOH, DAF TREATMENT OF GULP SHRIMP WASTEWATER

Percent RemovalAverage Average
Alum 835A BOD5 TSS 0 6 G

62. 7 87.348.5

55. 0

3.9219Pull Plow

Partial

Recycle

72. 6 83. 4345

64.8 83.664. 67.5283

Overall

Average 85,056.5 65.65.8271

Computations were made of costs of DAP system installation and
operation. to treat Gulf shrimp processing wastewaters. These end
of 1977 costs ranged from $0.38 to $1.03 per case of 24-4 1/2 oz.
�28g! cans of shrimp, depending upon the annual production. Costs
for a typical 8-peeler cannery vere from $120,000 to $132,000 per
year, varying with the number of days of operation, the amount of
production processed and the volume of generated vastevater to be
treated. Current cost estimates would have to be updated to reflect
the extreme increases in the costs of fuel, power, chemicals,
equipment, labor, etc.

The shrimp vastevater DAF treatment system was utilized to
treat wastewaters from oyster processing and canning for a four
week period in early 1977. Plow rates were about one fourth as
great as while processing shrimp. Screened oyster wastevaters
contained higher suspended solids and lower concentrations of oil
and grease and biochemical oxygen demand. Ncaa values were:

BOD5 510 mg/1
0 6 G 37 mg/1
TSS 2,280 mg/1
Settleable Solids � 30 ml/1

Operating without pH adjustment but with alum and polymer as
coagulants, the DAF system designed for shrimp cannery wastevat«
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Pressurization modes were compared using alum and polymer.
Influent flow pH was adjusted to 5.0, alum was added to the influent
and polymer was added to the pressure control valve discharge.
These data were collected under carefully controlled operating con-
ditions and reflect mmcimum attained results, as follows:



treatment was effec'tive in reducing the dis ha d llsc rge pollutants.Mean percentage removals attained were:

BOD5
0 6 G
TSS

Settleable Solids

43X
56X
89X
99X

The steamed oyster processing fI.ow schematic is shown in

RESULTS AND DISCUSSIONS

Operations of the pilot and demonstration plants were handled
directly by technical personnel consisting of graduate and profes-
sional engineers assisted by graduate students in environmental
sciences. Their full time duties were to operate and maintain the
treatment system and to analyze sampI.es in the on-site laboratory.
It is concluded that the results obtained are idealized and would
probably be difficult to reproduce on a day to day industry in-
stallation utilizing available personnel.

The pollution abatement achievements at the demonstration
plant are illustrated in the table below and in Figure 4.

POLLUTION ABATFXBV ACHIKVB26&fS
VIOLET PACKING COMPANY

1975-1.977

Abatement
Measure

REMOVALS -X

BOD5 TSS 06G

Water and Wastewater
Management �! 39. 812. 960.1

17.545.4Screening �!

DAF-FFP

DAF-Recycle �!

DAF-No Chemicals

7.1

32. 218.414.8

30.818. 318.3

28.9 4.51.0

Accumulative Total

 Sum of 1, 2, and 3! 88. 1.76. 785.5
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Solids developed by flotation separation and skimming from the
surface of the dissoI.ved air system main cell consisted of about
6X solids, air, and Liquid. These solid wastes were highly odorous
«d objectionable and were difficult to store and handle. Bench
~cale tests were made to concentrate the solids by centrifuging,



6E NEURAL PROC ES S SC HE MAT IC
OYSTER CANNING

REC E I V ING

WHOLE OYSTER DRUM GRIT CHANGERWAS HER
g+

STEAM COOK
OYSTER JUICES CONDENSATE

BHELL PILE
t SALVAGEABLE

+ PRODUCT!
~ +NELL
I

1

MECHANICAL SHUCKER

GRrr ANO OYSTER
hl EATtl

GRI SHELL BITS BRINE
SETTLING POTS

FLUSH WATER ~ DEBRIS

DRAINAGE G WASHOOWN
NISPECTION TABLE

WHOLE
OYSTERS~ OYSTER Pt ES

CITY WATERCANW IN 6

4!r Py'WAT ERRETORT I NG

WAT Kh
COOL I NG

Lf tI fNQ.

WASTE WAT ETI FLOW
CLIO WASTE

~ OYSTER FLCN'

DIRECTION OF FLOW SHIPPING

TOTAI. PLANT KFFUIENT

figure 3

144

I

I I
a

I

l
1
l

DEBRISL

MIINE SEPAhATOR TANK
SPILLAGE

lal
Cl
IK

X
LPOl
K



POLLUTION CONTROL ACH1EVEMENTS
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by heating, and by gravity. Chemical conditioning with a bench
scale Purifax unit demonstrated a degree of stabilization. From
operation of a pilot scale evaporator-dryer unit by Convap, it
appeared that skima6ngs concentration to about 25X solids might
be possibl.e, with a corresponding three fourths reduction in
volume. Nore investigation is needed on the handling, concentration
and use or disposal of separated solids from seafood wastewater
screening and wastewater treatment. Cost data are also needed.

CONCLUSIONS

Effective operation of a DAF physical-chemical treatment
system will significantly reduce the pollutants in the discharged
%Alstewaters. In order to obtain effective operation of a DAF
system, qualified and trained personnel will be essential and a
thorough maintenance plan will be needed. Costs of the reduction
should be evaluated to determine whether the benefits are truly
economically 5ustifiable. Of several abatement procedures dis-
cussed conventional pollutant removed is greatest in the DAF
process.
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DISSOLVED AIR FLOTATION FOR TREATMENT OF SHRIMP WASTE

Paul P. Selley
President

Southland Canning and Packing Co.
P. 0. Box 23220

New Orleans, Louisiana 70LB3

The speaker before me and I are here to share aur observations
made in regard to the DAF treatment of wastewater of a Shrimp
canning plant,

I irked with Mr. Szabo very closely through the years; you
heard his factual presentation about the technical findings of
an EPA/industry sponsored, plant-scale demonstration project
utilizing a DAF system.

The only reason I am here today is that I am connected with
the plant that was selected by the shrimp industry to undertake
the project and I was designated by our Association, the American
Shrimp Canners and Processors, to act as the project manager during
the three years it took to complete the project.

The livelihood of our industry depends on the environment and
proper handling of our natural resources. Without it, the Shrimp
industry could hardly survive. Through the years, we have been
in the foreground to protect our marshlands and estuarine areas
against all encroachments � which if preserved will stay for decades
to come the nursing ground of the Shrimp � the most valuable seafood
resource of the country.

It will only take me one minute to summarize what the Shrimp
processing industry i,s.

On the average, the Gulf produces approximately 200,000,000 lbs.
of heads-on Shrimp a year and this is handled by approximately 150
plants, located all the way from Brownsville, Texas to Key West,
Florida.

Since the Shrimp is only caught during certain periods of the
year, we can figure on the average appr. 120-150 operation days
per plant.

If you divide the production, it comes down to an average of
1,300,000 lbs. per plant per year, divided by 150 days represents
less than 9,000 lbs. per working day per plant.
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I am only talking about averages--some plants process more,
some less � but I would like to point out that basically the daily
waste load that could be returned by the average plant to marine
waters is a rather limited, non-toxic quantity.

During the past eight year' s, our industry has learned a great
deal about its wastewater. Our Association has undertaken two
EPA/industry sponsored research projects. The first one, completed
six years ago, analyzed the characteristics of the wastewater of
a Shrimp canning plant. The second. one � a plant scale, demonstration
project using dissolved air flotation system � was completed two
years ago ~

The goals of this second project were to find out whether the
limits set for the Shrimp industry for 1983 � the so-called BAT--
could be achieved; we found it could not. In the meantime, due to
the 1977 Clean Mater Act, BAT for t.he industry was suspended and
now we are awaiting the publication of BCT to be applied from
1984 on.

Actually, the demonstration project consisted of two phases:

First, better water management and screening of solids,
which was very successful.

Second, operation of a DAF system, which is technically
feasible, but we in the industry feel. it is too costly to be con-
sidered for Shrimp plants.

Through the years it was the habit of all plant operators to
use as much water as necessary to maintain a fast, clean, sanitary
operation. The knowledge we gained through this project about
water savings was an eye-opener.

When the project started, the plant was using over 700 gallons
of water per minute and, after completion of the water management
studies, through installation of all kinds of water saving devices
and through educating people in water savings, the water usage
decreased dramatically. Today, this same plant that used to run
700 gallons of water per minute is using approximately 450 gallons,
representing a savings of well over 40X and there is still room
for further improvement.

We experienced quite a bit of success by installing a more
refined screening system which resulted in better removal of the
solids.

In regard to the operation of the DAF system, you received
a very precise technical presentation. Here I just would like to
bring certain points to your attention.

Our operation is intermittent � we do not work every day. We
work if and when the boats come in. There are many days when the
average plant works only four, five or eight hours. By having this
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intermittent operation, ve found:

1. Start-up titne is approximately two hours; it takes that
long just to fill the tank.

2. Only then could the engineers start to activate the sys-
tem.

We observed that their work invo1ved making continuous adjustments
and the readings � most of the time-- vere inconsistent, had tre-
mendous variation. We know why--this is due to the nature of our
product. There is no consistency in the Shrimp waste.

Some catches are tvo days old, some four days old or even older
by the time it is processed by the plant, and depending on how old
the Shrimp, different amounts of chemicals have to be added to
achieve an effective treatment.

3. We observed that most of the time tvo graduate engineers,
with tremendous interest in the project, had to work
continuously to produce acceptable readings and even
this way the readings fluctuated all the time.

On any given day, the Shrimp handled by the plant comes from
d.ifferent areas, which again can cause a variation in the waste-
water.

When one day some consistency was reached, the frustration
started all over again the next day.

4. When the day was over, the shut-down was a traumatic
experience. For instance, on a day when t: he plant
operated only four hours, cleanup needed at least
three additional hours.

Actually, it took us considerably longer to clean the DAF
system than to clean the entire plant.

5. At the end, time and again we let fresh water run
through the system for three hours at a considerable
labor and energy cost.

6. Last, but not least, there was the sludge, producing
a watery substance that we didn't know vhat to do with.
The project ran out of time; ve didn't use a centrifuge,
but even if we had, it was our understanding it would
only have produced 30-35K solids and we still would
have been left with the problem of what to do with it.

It is easier said to send this watery substance to a landfill
than done. We are in urban areas and most of the time they do
not want landfill and, if they do, they do not want the kind of
landfill the sludge we were producing represented. Also, no matter
how we would deliver it, it would drip all the way to the landfill.
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We found the sludge was not welcome anywhere.

We are dehydrating our Shrimp hulls through a kiln. We
a hard time selling the dehydrated hulls, because the feed industry
regards it to be rather lov in protein.

We couldn't even think about mixing the chemically treated
sludge with the Shrimp hulls because at the end it would have resulted
in a completely unsaleable product. Even this way, we have to wait
time and again for months before we have a taker and the value just
about covers the labor and maintenance cost of the dryer.

I could go on and on, but I have limited time. I say in
behalf of the industry that the sophisticated, highly complex
operation of a DAF system is not suitable for a Shrimp plant,
They may work in plants that day in-day out operate for long hours,
particularly in plants that can operate arouad the clock and where
the extremely costly clean-up operation only has to be performed
maybe once a week � not on a day-to-day basis. This system is
too sophisticated to be operated by Shrimp plants.

The results of this project indicated, as per the tables, that
the greatest percentage reductioa of the pollutants vas achieved
by good water management and screening. By using good water man-
agement and screening 67X of BOD5, 5BX of TSS, 571 of 06G vas
removed and, by using the costly DAF system, the additional removal
was not substantial. The system � economically � is not feasible
where our industry is conceraed.

As you know, by congressional directive, ia 1977 EPA was in-
structed to conduct a seafood study to review the effects of the
discharge of processing wastewater iato the ocean and render a
report within a year. We understand that this long overdue report
vill be published shortly and we hope it vill not restrict itself
to 'the study in Alaska and Oregon, but will iaclude all processing
areas and vill give us insight into EPA's thiakiag-whether it has
been adjusted to today's realities, reflecting the congressional
thinking of these days � to process more instead of less seafood'

Early this year, the report of the engineering firm of E.
Jordan Co., vho was commissioned by EpA, published a reassessment
of the Limitations Guidelines for the different categories.

We were amazed to see in this report that Jordaa recommended
treatment of Shrimp processing waste by a DAF system with chemical
optimization.

Before publishing this report, all data and findings of o" r
plant-scale demonstration project vere available to them-

They accepted from this report the fact that the use of a
DAF system, in principle, is technically feasible, but ignore«h
rest of the findin s.dings. No consideration vas given to the basic
P roblems that a Dt a DAF system represents for the shrimp industry'
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We have a f ragmented industry consisting of approximately
150 plants located along the Gulf.

2 ~ We only have intermittent operations which is deadly for
a DAF system � the plants operate 120-15G days a year.

3 Due to the nature of the raw product, there is a tremen-
dous variation in performance of the system.

4. The range of the readi.ngs are unbelievably wide and could
hardly be stabili.zed by continuously adjusting the dosage
of the chemicals.

The system was operated by highly trained, research-
minded engineers and they couldn't come close to the
numbers that were required by the suspended BAT.

5.

Not to mention the problem of the sludge.

We thought that all the problems the demonstration project
pointed out would have been considered.

We feel prescribing a DAF system for the Shrimp industry does
not even consider the congressional intent that there should be
some kind of reasonable relationship between the cost of obtaining
reduction and the effluent benefits derived.

Last week I received a copy of the Draft Document prepared
for EPA by Planning 6 Research Associates, which analyzes the eco-
nomic impact of proposed Limitations Guidelines for the seafood
categories.

According to one of their tables, the Gulf Shrimp industry
consists of 138 plants. They differentiate according to sales
volume between small, medium, and large plants. Small is under
one million, large is over six million, and medium is in-between.

It is their analysis, if compelled to use a DAF system, it
will lead to closure of the 42 smaller plants, 37 of the medium-
sized plants, a mortality of 57K.

The rest of the plants, whether at the present they have a
viable operation as in the case of thirty-eight, will become mar-
ginal--some not earning any money-- some may earn aearn a little over

1X on sales.
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Since we only had the report for a few days, ve could not
fully digest their findings, but we feel this is the first document
coming from the Agency that states that a DAF system for the
Shrimp industry may be technically feasible but economically im-
possible. The report states that the overall impact is greater
on the Shrimp industry than on any other subcategory.



We should not forget that half of U, S. consumption is
imported, coming from countries wi.th hardly any environmental
restrictions. Our industry so far has survived; no EPA regulations
should be imposed on this industry that may close the door on a
number of family operated plants. and make the rest of the industry
look to government handouts for survival.

I tried to be as factual as I could on this issue. I hope
X was able to present the case that DAF should not be imposed on
the Gulf Shrimp industry.
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SEAFOOD PROCESSING WASTELOAD REDUCTION BY MECHANICAL F ILTIIATIDH

Russell B. Srinsfield
Marine Engineering Specialist

Department of Agricu'Itural Engineering
University of Maryland

Cambridge, Maryland 21613

and

Dr. Fredrick Wheaton

Department of Agricultural Engineering
University of Maryland

College Park, Maryland 20742

and

Eugene Geiger
Faculty Research Assistant

Marine-Estuarine-Environmental Sciences Program
University of Maryland

Cambridge, Maryland 21613

INTRODUCTION

Under the Federal Water Pollution Control Act Amendments of 1972,
effluent limitation guidelines for the Canned and Preserved Sea-
food Processing industry Point Source Category were promulgated.
The achievement of effluent limitations based on Best Practicable
Control Technology Currently Available  BPCTCA! was required by
July 1. 1977. The Act a'lso required the achievement of effluent
limitations based on Best Avai'I able Technology Economically Achiev-
able  BATEA! by July I, 1983.

With adoption of the Clean Mater Act of 1977, discharge of conven-
pol lutants wi I 1 no longer be control 1 ed by the BATEA guide-

lines. Conventional pollutants include Biological Oxygen Demand
  ooi;!, Total Suspended Solids  TSS!, Oil and Grease  OSG!, fecal
«liform and pH. Control of these pollutants by seafood processors
with point source discharges  those requiring HPDES permits! will
be based on the implementation of Best Conventional Pollution Con-

Techno logy  BCT! no later than July 1, 1984. The EPA has in-
dicated that final BCT limitations for the seafood processing
'ndustry can be no more stringent than BATEA guidelines, nor less
stringent than BPCTCA regulations.
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WASTEWATER CONSERVATION

As a result of the Water Pollution Control Act Amendments of l972
and the Clean Water Act of l977, the seafood industry has become
more aware of in-plant water and waste management and its relation-
ship to plant effluent characteristics. There are a nunber of
benefits which can be derived from Implementing in-plant waste con
trois and through optimizing water use. These include decreased
end-of-pipe treatment cost, decreased waste loads, improved raw
material utilization, saleable secondary products and byproducts,
and cost savings from reduced process water use.

A general survey of the seafood processing plants in Maryland indi-
cates a good possibility of reducing wastewater volume by conserving
water use in certain operations. Some obvious steps to reduce water
usage are: turn off hoses and faucets after use, use high-pressure
low volume wash-down systems, use spring loaded hose nozzles, and
encourage plant personnel to minimize water consumption by elimina-
ting other wasteful practices.

To achieve a higher degree of water management, individual unit
processes require evaluation. Significant flows are usually gene-
rated during raw material un'loading. Wastewater which is highly
contaminated should be isolated for separate treatment and/or dis-
posal. Cleaning tables should have provisions for control'ling
water flow at individual stations. Flows associated with processing
equipment should be adjusted, where possible, to acconwnodate variable
raw material quality and production levels. Raw and final product
handling through fluming should be eliminated, where possi ble, in
favor of belt or pneumatic conveying.

Based on observations, a reduction in water flow by as much as 204
can be achieved in the average processing plant without jeopardizing
sanitation or product quality. Such reductions would save the pro-
cessor pumping cost as well as wastewater treatment cost, particularly
in those plants where treatment facilities other than screening would
be required to meet future permit conditions.

EFFECTIVENESS OF CURRENT TREATHENT PRACTICES

Present wastewater treatment practices for the seafood indus'try are
set forth in the NPDES permit which is issued to each processor»
a joint federal-state permi t. The permit requ'I rements for the
aryland seafood industry include the following: solids removal by

20~O~sh screens, prohibition of floating solids or foam in
ent other than trace amounts, effluent pH in the range of 6 ~ 0 to
8.5, and disinfection of effluent with bacterial quality not to e~ceed
a total coliform count of 70 HPN per 100 ml.

For Nar land 20-y and 20-mesh static screens are considered to be fai rly su
cessful in meeting future treatment requirements. As Table I in
cates, the hand shucked clam processors are now meeting a ll the l977
and l984 effluen nt guidelines. Since six of the 10 oyster pro«s''"g
plants are now meeting the 1977 and 1984 guidel ines, it is
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that the other plants could meet the same guidel ines simpl y by
proveroved housekeeping and relatively minor modifications to the pre-
sent screening system. Although the fish processors cannot meet
the guidelines, both are scheduled to be served by municipal waste-
water treatment systems in the near future. This 'leaves only the
maryland blue crab processors with the problem of meeting the 1984
guidelines. If the 'Iimitatiohs are not raised, improved screening
methods in conjunction with alternative treatment systems must be
considered.

SOL105 SEPARATION SY SCREENING

Physical screening processes are defined as those processes contain-
ing elements which remove solids by virtue of physical restrictions
at their surface and which have no appreciable thickness in the
direction of the liquid flow. These restrictions may be due to the
screening device itself or may be imparted by a thin layer of solids
previously removed and deposited upon a relatively coarse substrate
or fabric. Processes which fit this category are rotary screens,
vibrating screens, ultrafiltration and diatomaceous earth filters,
among others �!-

Hicroscreening has been a viable solids removal process for over
twenty years in the area of municipal sanitation. Its use as a
tertiary unit process for filter ing secondary effluent dates back
to the early 1950's when it was installed at the Luton Sewage Works
in England. A mi croscreener cons i sts of a rotat ing drum with a f ine
screen constituting its periphery. Feedwater enters the drum through
the open end and passes radially through the screen with the depo-
sition of solids on the inner surface of the screen. At the top of
the dry, pressure jets of effluent ~ater are directed onto the
screen to remove the mat of deposited solids. The portion of the
backwash stream which penetrates the screen and the dis'lodged solids
are captured in a waste hopper and removed.

The weave and shape of individual fabric wires are such that they
allow the water from the backwashing jets to penetrate and detach
the solids mat which forms on the inside of the screen dur ing
passage through the feed stream. Approximately 504 of the appli«
washwater actually penetrates the screen. The rest flows down
the outer perimeter into the effluent compartment of the structure

The removal efficiency of the unit is not entirely due to the small
openings of the microscreens. The mat of trapped solids provid~~
the fine filtration which is characteristic of the uni t . Rotary
screens which are i'ch are 5 imi lar in pr inci pl e and appearance to ml cr o"
screens, are available and general ly more applicab'le for the «
moval of gross solids  Figure I! .
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Typical rotary screen for wastewater processing.

1 ~ EPA, "Pollution Abatement in the Fruit and Vegatable
industry," July 1977
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The vibrat lng screen  Figure 2! is a device which produces a rapid
screen motion with one or more perforated or meshed surfaces for
separating material according to size. Since the effectiveness of
a vibrating screen depends on a rapid motion, they normally operate
at speeds of 1,000 to 2,000 rpm with a horizontal motion of 0,03 to
O. l3 inches.

The major functions of vibrating screens are:
Agitation of materials retained on the screen such that the
liquid and undersize particles can pass through.
Movement of particles to prevent screen clogging.
Distribution of the materials over the surface area of the
screen to insure efficient screening.

Some of the advantages of the vibrati ng screen
handling seafood waste are:

The vibrating screen requires less floor
for operation.
Spray water is not needed to wash partic
cloth.

The resurfacing cloth for a vibrating sc
sive than for a rotary screen and easier
Generally the capital investment is less
screens than for other powered screening

over the rotary in

space and less energy

les from the screen

reen is less expen-
to install .
for vibrating
systems.

Tan entiai Screens  Static! Hydrasieve

The imre acceptable type of static fine screens for the seafood
industry are tangential  Figure 3! . Tangentia l screens have
achieved w'ide acceptance in the industry due to thei r simplicity.
F'low can be delivered to these devices by gravity or through pumping'
Asthe water moves down the face of the screen, solids are retained
on the screen while the wastewater passes through. Removed solids
progress down the surface of the screen by gravity and are col'lected-
Therefore, no moving parts or drive mechanisms are involved with the
actual screening operation.

Some advanta es of tag tangential screening over vibrating or rotary
screens are:

Ninimum capital investment.
Simple installation.
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Tangential devices, generally, have flew capacities based on the upper
third of the screen surface with the remaining two thirds provided
for dewatering of the accumulated solids. On the fi rst  top! slop
of the screen most of the fluid is extracted from the bottom of t"e
stream traveling at 25 from vertical. Mhen the angle of
changes to 35 , some additional fluid is withdrawn and the mass of
solids begins to roll down the screen surface- On the fi na l slope
of the screen, the solids will hesitate for drainage but are mo"ed

at surface by displacement with oncoming material. Arrange
ment of the wires provides a flow pattern whi ch results in a re»
tively non-clogging surface.



1
Figure 2. Vibrating screen.

1. EPA, "In-Process Hodifications and Pretreatment,"
October I973,
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Figure 3. Diagram showing path of wastewater screened
by Hydrasieve.



No moving parts, noise, or safety problems,
No screens to puncture or warp.
Can accept wide variations in flow rate.

The del ivery of wastewater to the screen headbox can be accomplished
by pumps or grav i ty f low. The prefer red approach i s by gravity
feed, but the use of centrifugal non-clog pumps is more comnon.
Screen performance can be impaired as a result of the pulverizing
action of the pumps on 'larger solids, thereby creating smaller par-
ticles that will clog the finer screens. These smaller particles
can increase the waste loadings in terms of BODg, TSS, and oil and
grease. Replacement of centrifugal pumps with positive displacement
pumps may have a beneficial impact on effluent discharged to receiv-
ing waters or subsequent treatment processes �!.

The reduction of TSS will indicate the effectiveness of screening
devices. Samples are taken at the screen headbox to determine
influent characteristics and compared with effluent samples that
have passed through the screening mesh surface. Removal efficiency
is calculated by determining the difference between the two suspended
sol ids levels. A comparison of tangential and rotating drum screens
has shown that the removal of TSS to be comparable �!.

The National Marine Fisheries Service  NMFS! has investigated the
relative screen performance for shrimp, salmon, tuna and bottom
fish processing by comparing rotary and tangential devices with
various size openings. The use of screens was shown to be appl ica-
bie to severa'i subcategories which are characteristic of the industry
as shown in Table 2.

Bough and Perkins �! have shown that screening and dry clean-up
procedures have been quite successful in reducing the total waste
load from shrimp processing plants. Table 3 indicates that dry
clean-up procedures in conjunction with tangential screens reduced
the BOD loading by 694.

A system utilizing tangential screens will requi re less management
than powered systems but more management than simp'le vertical
~preening systems. The following list of suggestions should result
in an effective tangential screening system:

Keep a replacement set of screens on hand to make cleaning
easier.

hed. TheA schedule for cleaning screens should be establis e . e
frequency of cleaning will be determined by observing the
system.Assign a specific person to clean and maintain the screening
system- Some type of rough screening �0 mesh! prior to the
tangential screens will reduce problems with clogging.
Use dry clean-up procedures prior to washdown.

CHEHlCAI. COAGULATION

f r anic and inorganic suspended~astewaters contain many varieties of organ
'that must be removed in order to pro roduce a hi h quality effluent.g
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Ope rat i on

7172

49 21

121Total 221

Table 3. Effects of screening and dry c!ee-up practices
on the BOD loadin~ ratios from a breaded shrimp
processing plant.

'1. Bough and Perkins, 1977.
2. Effluent passed through hydrasleve screening

which removed particles larger than 0.02
inches in diameter.

3. BOD loads in 'Ibs/1000 shrimp processed.

163

Processing

Clean-up

With Dry
Before Screen Af ter Screen Clean-up



N f tors affect the rates at which particles settle out of sus-any ac ors a
11

pens on. asion particularly imp rtant Is particle size. Sma particles
col lo idal range w I 1 I not settle out in a pract ical detent ion

time. The chemical coagulants cause small particles to form large~
par ic es anrticles and hasten sedimentation by electrical charge reduction,
physical or chemical bridging or coagulant molecular chains between
partic'les and by physical enmeshment of the particle. Coagulants
used in wastewater treatment are alum, ferric chloride, ferric
sul fate, and 1 ime, to name a few. For each combination of coagulant
and wastewater there is an optimum dosage of coagulant and optimum
pH range for the reactions to occur. The addition of chemical co-
agu'lants prior to screening can significantly increase solids re-
moval  Table 4!.

INCLINED STATIC SCREENS

To determine the effectiveness of a simple inclined static screen-
ing system in conjunction with limited aeration, a research waste-
water treatment system was installed and tested for one season
�!. A description of the system and a preliminary evaluation of
its effectiveness are presented below. The water flow pattern
in the crab plant shown in Figure 4 indicates how the wastewater
was generated. Mater use records taken before and after the sys-
tem was installed are surenarized by the annua'I cycle graph, Fig-
ure 5. Mater measurements in combination with raw product volume
records were used to determine allowable pollutant concentrations
for the plant.

ln the direction of flow, the wastewater treatment components are.
a collection pit  including 40 and 60-mesh screens!, sump, sump
pump, aeration tank, effluent pump, and chlorination system. The
collection pit was a concrete tank approximately 3 feet by 1 5 feet
by I.0 feet deep  Figure 6!. The sump was a septic tank  l000 g»-
lons! installed below grade and attached to existing discharge
pipes. The aeration tank was an above-ground plastic lined swim-
ming pool, IS.O feet diameter, 4.0 feet deep. Air was supplied to
agitate and aerate the wastewater with a simple holes-in-piPe
distribution system placed on the bottom of the sump and pooi-
SOurCe Of air waS a pOSitive diSPIaCeiient rOtary b'lOWer. The P~mp~
were controlled automatically with float sensing devices-

Masastewater samples were collected before screening, after scree~
ing, sump, and aeration tank. The samples were transported on ice
to the water quality laboratory and analyzed for 8005, T S S, and
0 organic residue. Observations of wastewater color clari ty and
color were recorded. Mi th an events recorder, the interval
tween sampling and last pumping was determined to indicate minimum
residence time between sampling.

The water quality resul ts for the system were averaged as shown
Tables 5, 6, and 7 and Figures 7, 8, 9, and 10. These values do "
reflect any variations in minimum reSidenCe time Or variatio~~ in
temperature. There was a significant reduction in both BOD and
TSS across the inclinnclined screens and after aeration. Despite the5

164



Percent Removal

Operating Condi tion

Table 4. Performance corrpari son for 16$-mesh screen for treating
salmon cannery waste with and without chemicals.

Note: Data pravi ded by NHFS-Seattle.
Determination based on two samples.

2. E,C. Jordan, 1977.
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W i th Chemi ca 1 Addi t i on

Without Chemical Addition

coo TSS OSG COD "','
Samp 1 es

49.8 62.} 60.3 42.2 5

16.1 34.6 14.9 23.4 3
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Figure 5. Daily water use for a blue crab processing plant.
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1/4" HOLES

HANDLE CREEN
INDICATES WATER

FLOW PATTERN

CONCRETE PIT

Figure 6. Diagram showing inclined static screens instal led
at blue crab processing plant.
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Table 5. Average TSS and percent reduction as a function of sampling
station within the crab plant.

Samp ing Station TSS  lbs/1,000 ibs! Reduction Samples1'

39

20

Guidelines 0.75

Table 6. Average 8005 and percent reduction as a function of sampling
station within the crab plant.

Sampling Station 8005  lbs/1,000 lbs! Reduction
No.

Sampl es

45

70

0.25Guidelines

Table 7. Percent organic residue in the sample as a function of
sampling station within the crab plant.

No. SamplesSampling Stati on Grganic Residue  %!
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Before Screen

After Screen

Sump
Aeration Tank

Before Screen

After Screen

Sump
Aeration Pool

Before Screen
After Screen
Sump
Aeration Tank

5. 20
3.15
2. 43
1. 94

1.34
0.74
2.79
0.85

70
68

59
73
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signi ficant reductions, both parameters signif ican'tly exceed the
proposed EPA gui de 1 ines. The s igni f i cant increase i n BOD5 in the
sump as compared to the screened values results from the addition
of retort wastewater to the system. Tests were also conducted to
determine the percentage of organic versus inorganic residue in
TSS  Table 7, Figure 10!.

Evaluation of the treatment system for factors other than water
quality included odor, appearance, and management. The appearance
of both the sump and aeration tank was described as cloudy gray but
not unpleasant. Observations of the system suggest that excellent
manageN»nt practices are required to optimize system performance.

CONCLUSIONS

Although screening can result in a significant reduction in waste
loading, considerable thought must be given to the selection of
the device for a specific. effluent characterization. Installation
and proper design is pararmunt in order to achieve the proper screen-
ing performance with the least operational and maintenance problems.
Sizing and selection of the equipment must be based on the specific
wastewater characteristics. In view of the size of capital invest-
ment, simplicity, and general industry acceptance, screening has
been shown to be instrumental in the reduction of waste loading
and reduction of treatment cost.

Results of the experimental wastewater treatment system Indicate
a significant reduction in both BOD5 and TSS utilizing inclined sta"
tic screens- In addition, significant additional amounts of BOD5
and TSS were removed by the aeration system. However, neither
BOD5 nor TSS reduct'ion are sufficient to meet the original 1984
guidelines. Results also indicate that a si gnificant amount of
the TSS in the wastewater is inorganic residue, therefore does
not contribute to the BOD5 loading in the estuary'
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CLOSED LOOP PROCESS FLUID SYSTEM *

Richard 3. Defi.er
Blue Channel Corporation

P. O. Box 128
Port Royal, SC 29938

The Blue Channel Corporation with assistance from the Food
Science Department at Clemson University is conducting preliminary
investigations of a new close-loop fluid system for treating process
water used in the extraction of blue crab meat. The closed-loop
system is simply a series of screens aad progressively finer filters
which cleanse the process water before recycling for further process-
ing. The process water is the brine solution used in the Harris
Machine for separating crab meat from the shell. Ia the proper
brine, the crushed shell sinks aad the meat is floated onto a con-
veyor belt for further inspection. During the brine separation
process, crab meat proteins are extracted and saturate the brine
at approximately two percent protein. Preliminary results indicate
the closed � loop system can remove most particulates, clarifies the
brine, and reduces microbial counts by l0 -10 . The protein concen-2 3

tration in the brine remains near saturation aad appears to prevent
continued protein extraction from subsequent batches of crab meat.
After processing, the brine tanks are emptied and cleaned, and the
recycled brine is stored ia refrigeration until further processing.
Additional brine is added when needed. These initial results
indicate the closed-loop system has potential as an ia-plant modi-
fication to reduce waste loads in the effluent and to conserve
brine solutions.

* This abstract was prepared from the authors recorded presentation
by the editor to serve in the absence of a submitted paper.
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RECOVERY OF BY PRODUCTS FROM SEAFOOD PROCESSING WASTES

Stanley M. Barnett and S. F. Lin
Department of Chemical Engineering and Food Science

University of Rhode Island
Kingston, Rhode Island 02881

Government regulation of effluents from food processing plants
has provided incentive to recover aad utilize waste materials as
one way of reducing efflueats at the source. The recovered material
may justify the removal process itself. Foam fractionation was
used to remove potential products from effluents and implant streams.
Products include enzymes, surfactaats, aad proteins. The surf clam
and quahog processing industry will be used as an example.

INTRODUCT ION

The seafood processing industry as well as the developing
aquaculture systems have been confronted with the need for establish-
ing waste water discharge control procedures in compliance with
planned environmental protection regulations. There is also the
aced for a practical method for reusiag water whenever possible-

Foaming is a common sight in the seafood industry as a
result of the presence of natural surfactant materials. Foam
separatioa is a very effective method of solid-liquid separation
that has been used in aon-food and water treatment areas for more
than a ceatury. Foam separation has only recently become important
ia waste treatment of industrial effluents. Dissolved air flotat«n
 DAF! is related but not identical to traditional flotation processes'
DAF aad chemical coagulation were used by the EPA as a base f«
the development of the 1983 effluent limitations for shrimp proces
siag wastes  8! .

Microgas dispersions are collections of small bubbles  L->0
micrometers ia diameter! Linked together ia an aqueous medium.
Microgas dispersions  MCD! were first produced by Sebba �! utili
zing a modified venturi device. Cyclones were also used by Shal«
aad McLeaa aad Shea aad Barnett �!. Both the modified veaturi
aad the cyclone provide a point for introductioa of a gas in« a
stream of hi h velgh velocity and low pressure. If the stream contains
a small uantit of aq ty of an appropriate surface active agent, a dispersion
is formed which includes characteristi.c MGD bubbles. These micr a
sized bubbles retain their Integrity, despite repeated circulati«
to remove undesirable bubbles, thus providiag a high ratio of
per volume of bubblebles charged to a flotatioa columns
of MGD bubbles removesemoves contaminants from a solution during its
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rise to the surface of a column. Unlike tradftio~] fo~
bubbles can be p~ed from a generator to a col~ or tank for
use in flotation operations �, $!,

MATERIALS AND METHODS

The generator used for the production of NGD dispersions is
shown in Figure l. It is based on the device first used by
Sebba �!, The recirculation. of the surfactant solution and dis-
persion mixture is critical to the formation of a stable MGD.
Referring to Figure 1, the liquid  A! enters the constricting
region  B! . Air under slight positive pressure for control enters
the gap  C! and becomes entrained to form the M! dispersion. The
air pressure at  D! is used to maintain the proper level of the
liquid phase in the generator.

Support apparatus, shown in Figure 2, was incorporated to
maintain and monitor steady state conditions. The operation of
this system was as follows: surfactant solution in reservoir  A!
was fed to the pump  B! and then to the generator at  F! to form
the NGD foam. The dispersion was withdrawn on demand by opening
valve  D! . Batch flotations were carried out in a cylindrical
glass column 60 inches in height and 7 inches in inner diameter.

The column was filled with a liter of the solution to be
treated and pH adjusted if necessary. An initial sample taken of
both the liquid remaining and the foam after the dispersion had
risen to the surface of the column. Dilution factor was used as
an indication of the amount of dispersion added to the untreated.
solution to affect separation. percent removal was used as an
indication of the extent of removal. Foam quality, a measure of
the air entrained in the dispersion, was determined by allowing
the foam to settle and measuring the remaining liquid. Foam
quality was the ratio of original volume-liquid volume to the
original volume-

The dispersions were bubbled into the system for 12-30
seconds. Rise time was about 4-5 minutes.

Effluents and process streams were collected from local
commercial clam processing plants. The composition of clam waste

shown in Table 1. The pH was 6.5 for fresh waste water. Other
streams studied included the retort liquor and the debellying
wash water.

Sodium dodecylbenzenesulfonate or ethylhexadecyl dimethyl-
ammonium bromide were used to prepare MQD foams using synthetic
surfactants. Foam floated clam waste water providedided a surfactant

material suitable for producing NGD foams wi,th a natural surfactant.
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RESULTS AND DTSCUSSZON

Viscera from the seafood processing has pr'oven usaf~i f
broiler rations �! . Waste water was also dehydratedy ra e to prepare
a clam flavor concentrate by boiling and then freeze-dreeze- ry ng,
ultrafiltering, spray drying or drum drying  g!
yet tested for feed or clam flavoring agent a clam waste vat
treated y t e MGD process did yield potenti lly valuable products

~ c am waste water

The clam waste water had the composition shown in Table l.
composition of a wet, but drained foam and a freeze-dried foam
are also shown.

By running clam processing vaste water through a foaming unit
such as the MGD generator, without the addition of a synthetic
surfactant, a foam was produced which after freeze-drying could
be used to reform an MGD dispersion. As shown in Figure 3, both
the original clam waste water and the freeze-dried material pro-
duced similar foams, based on foam quality.

The freeze � dried foam, vhich must be considered a surfactant,
was used to remove fish waste solids from an aquaculture system.
Complete removal of solids, originally present at levels of
0.2-5 ml/L were achieved, as shown in Figure 4. The full range of
foam quality shown could be obtained by varying the pH or by the
foam formation time.

Of particular interest, is the composition of the protein
obtained from clam waste waters by the flotation method. Hang et
al. �! using an acid precipitation technique, obtained a rather
poor protein according to TAO standards. An equivalent or better
distribution was obtained for protein from clam processing waste
waters separated by MGD flotation. Comparisons are not reported
because they must be confirmed, but isolation of protein from
individual vaste streams before merging vith other process line
effluents appears to provide different amino acid patterns.

Chitosan, a by-product of seafood waste processing was used
as a chelating agent for the MGD flotation process in order to
remove metals from metal plating waste vaters. Zt was planned
« use chitosan as a complexing agent for the seafood protein
as well, assuming the recovered protein would be used as a feed.
however, due to the ease of removal of the protein from seafood
waste s'treasm, and its potential as a surfactant, a study of
complexing and cross-linking agents was not carried out.

CONCLUSIONS

A process has been presented which can be used to remove
proteins from seafood processing waste. Besides possible use of
the protein for a feed, other products were recovered, including
surfactants. Further work in this area is underway, with particula~
emphasi.s on isolation of specialty products and separate treat~cut
« key implant streams.
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MUNICIPAL DISCHARGE � REGULATIONS AND SURCHARGES

Roy E. Carawan
Food Science Extension Specialist

North Carolina State University
Raleigh, NC 27650

INTRODUCTION

Beck �! has explained how the Environmental Protection Agency
 EPA! plans to assure that industrial users of publically owned
treatment works  P01Vs! pay the costs for treating their discharges.
Beck concluded that EPA has evidence that municipal dischargers
enjoy a degree of subsidy when compared with direct dischargers.
This evidence includes the following kinds of relief:  i! financial
burden of bearing the full market cost of money for treatment plant
expenditures,  ii! financial burden of raising capital for treatment
facilities, and  iii! substantial management, administrative and
legal costs of operation and maintenance. Beck assu~es that muni-
cipal systems can be built cheaper than private systems because of
grants and subsidies. However, the management of many larger food
plants are now finding that they can build and finance waste treat-
ment systems cheaper than governmental units. Massey and Dunlap
�0! have examined the effects on industries of federal construction
grants.

PL 92-500 and PL 95-217 have given EPA the authority to develop
regulations that will increase costs for seafood plants discharging
to municipal systems. The requirements for industrial cost recovery,
user charges and sewer use ordinances will surely affect seafood
plants. Probably less than 20X of the seafood plants now discharge
to municipal systems. However, with developing regulations and
technologies, the future may find 90X of the seafood plants dis-
charging to municipal systems.

The sewer use ordinance is an instrument setting forth rules
and regulations governing the use of the public sewer system. In
most cases, the industrial cost recovery and surcharges  user
charges! may be a part of this instrument.

Seafood processors must ask themselves what is happening
now and what will happen in the near future �!. Although charges
for industrial wastes began as early as 1907 �!, as late as 1969
only about 10X of United States municipalities collected these
charges �!. Most municipalities do not have a stringent sewer
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use ordinance that i.s strictly enforced. Federal pressure and
encouragement will surely force most municipalities to draft
such an ordinance. Industrial dischargers must ask how they
can get a reasonable ordinance that is mutually beneficial to
the discharger and the municipality. The city system must
recover its cost and be protected from toxic discharges. Unless
the seafood processor has an outlet for its effluent at a fair
cost, the plant cannot continue to be a productive economic
influence in the cosmunity.

PL 92 � 500 and KPA require that municipalities institute
industrial cost recovery, a system of user charges, and have a
sewer use ordinance if they obtain federal funds for water or
wastewater facilities �!. Hovever, one must look carefully
at exactly what is required. The initial requirements were
modified substantially by PL 95-217.

DISCUSSIOH

The seafood industry must assist in the development of a
"practical and sound regulatory ordinance fitted to local con-
ditions" �!. The minimum number of restrictions that will
protect the municipal system with minimal costs will benefit
both. Any restrictions should be technical.ly sound and rigidly
enforced. Lanvin  9! related how an ordinance helped one
system with enforcement.

The seafood industry is perhaps unique in that many of the
seafood processing plants, especially the smaller ones, are
located on docks over the water without the benefit of city
sewage. However, many of the these areas will receive municipal
sewage facilities in tbe next several years.

Sewer use ordinances are largely a matter of local and
state jurisdiction. However, RpA regulations contain specific
requirements for a sewer use ordinance if federal monies are
received for that system. Specific requirements include-

 i! Prohibit new connections from inflow sources into
sanitary sewers.

 ii! Insure that new sewers and connections are properly
designed and constructed.

 iii! User charge system must be incorporated providing «
equitable system of cost recovery, and

 iv! Users shall be required to isssediately notify waste
treatment plant of any unusual discharge  flow «
waste parameters!.

 v! Pretreatment of wastewaters required if they would
detrimental to treatment systems or personnel-
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A number of specific requirements such as:  i!
emperature ess thanF,  ii! FOG le s than ]OO mg~]  

and  iv! pH less than 9.0 often appear in sewer use ordinances.
These and others can present specific problems for any f~

p ants.H st ordinances are a co~osite of several "model ordinancesu
including the following:

 i! PCF MOP No. 3 � Regulation of Sewer ]use � 1975 �!
 i,i! APWA � Special Report No. 23 � GuideIines for Drafting s

Hunicipal Ordinance on industrial Waste Regulations and
Surcharges � 1971 �!

 iii! CWPA Hodel Wastewater Discharge Ordinance �!.

The key to industrial input appears to be contact with the
body which passes the ordinance. Host ordinances are passed
re].ying on the advice of technical and legal consultants for the
municipality. Leaders often have little understanding of the
serious consequences of their actions. Industry must help these
]eaders realize the impact of overly stringent requirements.

Review of Proposed Sewer Use Ordinance

The best and perhaps the only time that industry can get
input into a sewer use ordinance is during its development by the
city council or the sewer district board, i.e., the governing body.
Normally public hearings are held but everyone must be most observant
for the hearing notice.

The study of a proposed sewer use ordinance requires time
and expertise. However, anyone can read and understand such an
ordinance with a little extra effort. The key parts of a sewer
use ordinance include the following:

Preamble � Whereas

Definitions

Use of sewers � Required

� Prohib i t iona

� Limitations

Power and authority of inspectors

Surcharge - Sampling, analysis and formula

Enforcement and penalties

Review process

Effective date

A description of some of these and other key parts can
in Table 1. Each word and sentence can have a real mean g ~
should not on].y ask the engineer or ut i lit res d iree to pirector to ex lain
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Table l. Some ge Parts to A Sewer Use Ordinance

Definitions

Re s amp 1 ing

Nock Bill

Appeal Procedure

Responsible Person

Representative Samples

Effluent Volume

Pretreatmsent

l88

Waiver  Special Agreement!

All key words should be included in
the definitions. For instance: Does

sample, an average of 4 grab samples
at 15 minute intervals or a 24 hour,
pioportional composit sample?

Does the ordinance contain the specifics
of resampling if industry objects to
a particular sample? What are the costs
of the resampling?

A clause in a new ordinance can require
the city to sample for a period of 6-
l2 months to perfect their techniques
while billing you on a "mock bill" which
does not have to be paid. If there are
high charges, you have time to institute
in-plant changes or pretreatment.

State law probably requires an appeal
if an action is considered unreasonable
or injust. However, if a procedure
and time schedule for appeal is not
specified, an industry may find them-
selves without water and sever foz an
extended period while couzt action is
followed.

The individual s! responsible for inter"
pretation and enforcement should be
specified. Everyone should he a~are
of any interpretable decisions that
might be made.

What. method s! is specified for sampling?
Is the sample proportional to flow?
What is the frequency of the samples?
Does each sample period give a set of
characteristics or are sample periods
averaged to determine wastewater
character i s t ic s?

Does the ordinance have a special c lause
allowing a contract or agreement between
industry and the municipality to allow
othervise prohibited flows or concentra-
tions? Who okays such a pact? Wil.l
you be able to get one approved?

There should be a clause allowing plant
records or metering or engineering studies
to establish a percentage of metered
water which actually leaves in the sanitary
sewer which is sampled. Thus a "fair"
wastewater load can. be established.

When, by whom and how is pretreatment or
flow equil ization required?



what they meant to say but insist that the ordinance have language
that clearly states the same. Por example, does "sample manhole"
re fer to the manhole in the street or does it refer to a specially
constructed box with a vier, flow r'ecorder, sampler and sample
refrigerator that might cost more than $25,000? Specific problems
seen in ordinances for seafood plants have included:

- Holding tanks or flow equilibration being required - vhere
are you going to put the tank?

Control manhole or sampling facility required.

Limitations or prohibitions on BOD, POG, etc.

� Surcharge for industrial users only vith other contributing
commercial customers not charged equally.

Specific review points when considering a sever use ordinance
should include the following:  i! What's it going to cost?,  ii!
Are there defacto or real limitations prohibiting discharge?,  iii!
Who handles complaints and reviews decisions?, and  iv! Can you
object to unreasonable bills?

Seafood plant managers must carefully consider all limitations
and restr ictions in a sewer use ordinance. In many cases, some
sections of the ordinance may not be initially enforced. Assume
that each limitation and restriction vill be enforced at some time
in the future . Remember that the current city engineer might
leave tomorrow. Where is his promise that he does not plan to
enforce the maximum FOG restriction? If it is not written, it is
not the law!

Kf the ordinance requires a permit to connect to the municipal
system, review carefully the costs and procedures. Williams �4!
has described a permit system that was developed by a municipal-
industry committee.

Municipal Charges

Municipal charges for industrial plants include water, sever,
surcharge  user charge! and industrial cost recovery . Most munic-
ipalities compute water and sewage charges as follows:

Water Based on vater consumption metered into
the plant. Often on a declining block
scale so that the cost/unit decreases
as you use more water. Mote that the
bill is usually in hundreds of cubic
feet  I cu. ft. ~ 7.48 gal.!. Cost
usually ranges from $0. 10 to $1.00
per 100 gallons.

Sever Charge Based on computed vater charge and
usual1y represents 10 to 200X of the
~ster bill. The most cossson figure
in the Southeast is 10OX.
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Surcharge Based most often on metered water con-

sumption and a parameter s! measured
in the wastewater. The most cossson
factor is BOD and usually charged at
a rate of $0.10 to $2.00 per pound for
those pounds in excess of domestic
sewage. Similarly, the suspended
solids  TSS! load is also used. A
hydraulic load charge is sometimes
included and is often used as a
"demand charge" especially for season-
al operations.

Industrial Cost

Recovery Recovery by the grantee from the in-
dustrial users of a treatment works
of the grant. amount allocable to the
treatment of wastes from such users

pursuant to section 204  b! of the
Act and this subpart.  Note that ICR
is under review and there may be some
changea!

� For which characteristics  BOD, flow, TSS! are you paying?
� How much do your monthly charges fluctuate?

� Does your flow and effluent concentration vary widely?

� How does your bill compare with similar plants?

Careful attention should be paid to the methods the city uses
for calculating the surcharge, sampling and sample analysis,
flow measurement and the accuracy of the results. A surcharge
calculation involves flow measurement, sampling, sample pre-
servation, sample analysis, laboratory calculation, and sur-
charge calculation. An error in any of these will cause an
error in the surcharge bill.

A sample bill for a shrimp plant is shown in Table 2.
Sewer surcharges can be reduced by modifying the charging
system  ll!, pretreatment and/or management action  8!. A
poorly managed shrimp plant with little control of water use,
without dry clean-up procedures and without final effluent
screening my pay 500% more than a well managed plant.
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Surcharges are often included in a sewer use ordinance.
However, they may be included in a separate ordinance. Surcharges
are usually passed because of local government s problems such
as: �} Maste treatment costs are rising, 6.i! More treatment is
being required, iii! Loads are often increasing,  iv! Property tax
is already overburdened, or  v! Because the municipality has re-
ceived federal funds and is required to institute user charges.
washburn �3 ! critiqued user charges. Any food plant should keep
careful records about their surcharge bill. A plant should keep
up with the following information in respect to their surcharge
bills:



Table 2. Honthly Costa for Municipal Water and Wastewater
Service for Shrimp Plant

 Flow 4311 gal. SOD5 = 6.7 lb. and SS ~ 3.2 lb. per 1000 lb.
shrimp proc e a a ed !

 Flow = 9111 gal., BOD = 100.4 lb . and SS = 39.8 lb. per 1000
5

lb. shrimp processed!

Calculated Using:

 a! 22 day month
 b! Water cost $.40/1000 gal.
 c! Sewer cost = 100K water
 d! Surcharge $ 90/1000 lb. BOD5*

90/1000 lb. SS»
10,000 lb./day of shrimp e! Processing

*  In excess of 250 mg/1!

NOTE � INDUSTRIAL COST RECOVERY NOT INCLUDED
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Water

Sewer

Surcharge
Total

Water

Sewer

Surcharge
Total

GOOD MANAGEMENT OF WATER USE AND WASTES

379

379

0
758

POOR KiNAGEHENT OF WATER USE AND WASTES

$ 802
802

2024

$3628



The seafood industry is affected by surcharges and sewer use
ordinances because for health and sanitation, much cleaning and
washing results in large amounts of organic wastes which equate
to BODg Also, many seafood wastewaters contain fat which is
forbidden above certain levels in most ordinances- Further,
much of the raw material is wasted in seafood processing- If
this vasted raw material is not recovered for by-products,
problems will develop.

The legal field of sewer use ordinance making is complex
and ill reported. Challenges are usually settled out of court
and legal records and precedents have not been established.
The best defense to a badly drafted sewer use ordinance is a
good lawyer and an open~inded body responsible for voting
on the same. Industries faced with bad ordinances must rally
their forces and present a united front.

CONCLUSIONS

A serious and detailed legal study should be made of sewer
use ordinances for the seafood industry. Technical input is
required if this study is to be a success. The 1975 revision
of N!P No. 3,  WPCP! appears to have much technical input,
but legal questions may remain unanswered. Also, recoassendatio»
concerning industrial input and assistance are largely ignored'

A pact with the city fathers allowing specific exemption
for a seafood plant's wastes is a realistic alternative if an
ordinance is in existence with a clause for such a pact �2!-
But a seafood processor should get the best technical and legal
advice before doing this. For example, exemptions could be
granted for wastewaters vi,th BODg or FOG levels exceeding sewer
use limitations.

In conclusion, almost all seafood plants will probably
face the issues discussed herein within the next several years.
The seafood industry must plan for these most serious negot-
iations. Managers must be alert to any indication that a
sever use ordinance is being developed or revised by their
~nicipal system. This will take place whenever systems are
m>dified, enlarged or replaced. EPA regulations for toxics,
safe drinking water and pretreatment should also be reviewed
for possible affects of municipal discharge regulations.
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SEAFOOD WASTE UTILIZATION

FISHING HARBOR WASTES AND WHAT CAN BE DONE ABOUT THE PROBLEMS

Ersel G. Laatz

Director of Planaiag aad Port Development
Port of Brownsville

Brownsville, Texas 78S20

WASTES GENERATED BY SHRIMP IlGHJSTRY

Domestic T e Wastes:

Domestic type wastes come from the l000 plus employees ia
the area daily.

Water Borne Solid Wastes:

Solids from the processing plants; such as shrimp heads, skins,
bits of shrimp, and trash fish.

Bil e Waters from Vessels:

Much of this has oil, grease, solids carried. for the most
part ia salt water.

Solid Wastes:

Paper, boxes, oil filters, wood, broken coacrete, cable,
office trash, cans, brush, aad a long list of discarded items.
Port generated broken dock timbers, sheet sweepings, and dust add
to this list.

Domestic aad Mater Borne Wastes includia Bil e Waters:

At the Port of Browasville these are handled through a
collecting system that extends to every lessee's building aad to
bilge pumpout station at l00 feet intervals along the docks  pigs. l & 2!.

Three lift stations pick up these wastes aad deliver the
liquid to a treatment plant. This plant has Hydrasieves, oil
skimmer, flotation separatioa, alum, caustic, acid, polymer and
chlorine treatment facilities, and delivers the effluent to aa
80 acre evaporation pond. With flows ranging from 4O,OOO gpd to
l,100,000 gpd this system operates from a condition of bypassing
the plant and delivering the flow to the ponds to a condition of
full chemicaL treatment.
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BOD's test range from 40 ppm to 6,000 ppm. The later con-
ditions occurs when in plant heading is being done.

TABLE OF WATER AKD SEWER FLOWS

F. H.

Sewer

Plant Flow

Water

Used at

F. H.

January, 1980

March, 1980

The collecting system, lift stations, treatment plant, and
oxidation ponding system costs $1,4000,000 �978 prices!.

Prior to construction of the above system, all of the above
wastes were likely to go into the basin. This created dissolved
oxygen levels of 1 and 2, caused odors, and drove the fish out of
the basin. It was a veekly or semi-weekly cleanup effort by the
port to remove the oil and the trash that drifted into the corners
of the basins.

After the system was installed and working and after we put
steel drums on the docks for the boat trash  especially oil filters!
and asked for the cooperation of the crews, the basins became very
clean. So clean, infact, that the borers returned to the wood
piling under the docks and have done a visible amount of damage
in the past two years.

Solid Wastes:

With 88 lessees, and nore than 1,000 employees, solid vastes
are generated at a very high rate.

We collect twice a week vith a 16 cubic yard packer truck
equipped with a lift. This trash is the type that can be put into
containers and drums. This amounts to 54 tons per month.

We also collect other trash, lumber, concrete, dirt, brush,
nets, etc' about twice a month using a loader and a dump truck,
This amounts to 20 tons per month. All trash is hauled to the
City of Brownsville's sanitary landfill and covered by the land-
fill's operator. We pay $4.50 per ton for this service. As yet,
we do not assess the lessees a separate charge for this service-

May, 1980

July, 1980

August, 1980

4,600,000

4,710,000

4,750,000

5,120,000

4,568,000

3,457,256

2,469,272

3,158,666

3,830,408

4,002,945



It is expected that rising costs will cause us to put in such
a charge in the very near future.

Another "waste" problem is cables. Shrimp vessel operators
change their cables at regular intervals. This means they remove
the old cable by going around the nearest pole  utility or other-
wise! and pulling it by a car or truck. Nany times this cable is
abandoned on the ground and must be picked up and hauled away.
Scavangers will do this for us at times.

After nearly losing some utility poles, we finally installed
short pieces of vertical piling in areas where poles were being
used to remove cables.

Sunken vessels and materials dumped overboard presents a
different problem. A vessel sinking at the dock is usually cared
for by the owner. Our people, as well as the U. S. Coast Guard,
often require ail booms to be put around the vessel to stop the
spread of oily waste. Usually these have little or no salvage
value. Our security people watch for sinking vessels very closely.

Wire rope dumped overboard makes dredging more expensive. Ne
try to prevent this whenever possible.

The shrimp volumes at the Port of Brownsville's Fishing
Harbor.

Port Isabel-Brownsville Zst. Brownsville

11, 025,000

9,348,000

1975

1976

1977

1978

1979

 Source � Fisheries of the U. S. A. � Current Statistics!

Leasing income from 88 lessees at the fishing harbor is
$197,696.51.

Operating costs at the fishing harbor average $75,000 per
year which includes depreciation insurance, etc.

14,700,000 lbs.

12,464,000 lbs.

16,700,000 lbs.

14,820,000 lbs.

13,280,000 lbs.

11,708, 000

11,115 F 000

9,960,000



SUMMARY

The Port of Brownsville Fishing Harbor is operated by one
government agency. This keeps the pollution and waste disposal
rules the same for all those people doing business at the Fishing
Harbor.

Zt has the advantage of one agency dealing with the regulatory
groups and not requiring any of the 88 lessees to deal separately
with the agencies,

Its success can be measured by the fact that we have no
space with docks left to lease.
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RECOVERY, UTILIZATION AND TREATMENT PF SEAFOOD
PROCESSING NSTES

R. R. Zall and L. F. Hood
I/

Department and Institute of Food Science
Riley Robb - Stocking Hall

Cornell Uni versity
Ithaca, N.Y. 148S3

INTRODUCTION

Shellfish and finfish processors are faced with increasing
problems of waste handling and disposal, plant sanitation, raw
material availability and cost, production efficiency, and
escalating labor and energy costs. All of these factors signifi-
cantly increase processing and product costs. Processors are
continually looking for opportunities to increase production
efficiency and profitability. Conversion of unused waste mater-
ials into marketable products not only provides soch opportunities
but reduces waste disposal problems.

The objectives of our work have been: a! recovery of protein,
other nutrients and flavor materials from fish pracessing wastes,
b! conversion of the recovered materials into f'ood ingredients or
marketable food products, c! development of procedures for {pre!-
treating the nonrecoverable solids, and d! develop processing
technologies for the improvement of seafood quality. Our goal
has been to attain total utilization of seafood and its processing
wastes for food or feed.

awhile this paper contains most of the information we pre-
viously presented at the International Conference on Fish Science
and Technology in Aberdeen, Scotland in July of 1 979, it has been
updated to include more recent information not previously
reported.

1. Preparation of Clam Juice from Hashwater

Surf clams  ~Sisula solidissima! are widely utilized as a
source of minced and chopped clams, clam juice  bmth}, and clam
strips. After the clams are shucked, the meat is washed, minced
and packaged for distribution  Fig. 1!. It is necessary to wash
the minced clams to remove the sand embedded in the tissue during
dredging. The resulting washwater only contains about p.5 - ll
solids. However, it has a distinct clam-like odor and flavor.
Qe have developed a method for converting this washwater into a

� The original paper is published in the Proceedings of the
International Conference on Fish Science and Technology, Aberdeen,
Scotl and.
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marketable food product �!. The process is being applied commer-
cially and the resulting product is being marketed as clam juice
 Fig. 1! .

Although the process for converting the washwater to clam
juice is not a comp1icated one, it does include several important
steps that are critical to the high quality of the finished pro-
duct. The minced clams are washed in a rotating washer. After
two hours, the water in the washer is transferred to a steam-
jacketed kettle and boiled. The boiling step is essential to
prohibit the subsequent development of fish-like flavors. It
also serves to concentrate the liquid. The duration of boiling
is 10-60 min., depending on the desired solids concentration in
the finished product. Following boiling, the concentrated clam
washwater is canned, retorted and subsequently marketed as clam
juice.

In developing this process, several methods were evaluated
for concentrating the washwater. These included boi ling, vacuum
evaporation and ultrafiltration. All of these methods were
effective in concentrating the washwater to 2-3 times its original
solids content. Products were judged by a five-member taste panel,
trained to judge flavor, aroma and color characteristics peculiar
to clam juice. Six to eight samples were evaluated during each
panel session. Panelist fatigue resulted if more samples were
included. The processed  concentrated! washwater was compared to
commercial clam juice. Two types of evaluation forms were
utilized  Figs. 2 and 3! . The seven-point hedonic scale was used
to record judgments on the processed washwater relative to canned
clam juice. The second form asked panelists to use descriptive
words to characterize sample flavor. After each tasting session,
panelists discussed individual impressions and usually came to a
concensus on which sample had the best clam flavor or most closely
resembled commercial clam juice.

The processing methods evaluated did not yield equivalent
products. In general, washwaters concentrated by vacuum evapora-
tion or ultrafi ltration were more fishy than those concentrated
by boiling. Boiling at 95-100'C apparently removed most of the
volatile flavors responsible for the undesirable fishy flavor.
Lower temperature boiling at 50 or 80'C  i.e. vacuum evaporation!
removed some of the volatiles but did not yield as good a clam-
flavored product as the washwater boiled at atmospheric pressure.
The condensate from the vacuum-evaporated samples tasted fishier
than the corresponding concentrate. Hy comparing the results of
these three processing techniques, it was apparent that the com-
pounds responsible for fishy flavor in clam juice were volatile.
Obviously the flavor, odor and acceptability of clam juice and
other clam products are dependent upon their chemical composition
and the processing treatments that they are subjected to. We are
currently investigating the relationship between processing can-
ditions and the composition of flavor constituents.

Retorting is critical to the development of optimum clam
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Yigure 2. Taste panel foaa for comparing vashvater with
L-osieerckai el@a Juice.



a Fee1 free co nake coeparisooa sucb ea, "f3 |o ~~ cleans Chan fC".

Figure 3. Taste panel worksheet for deva Doping flavor profile
of clam vash~ater.
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flavor in c]am juice. It yields a sweeter, clam-flavored product
than was evident in the nonretorted juice. Obviously, the process
by which juices are canned and retorted for safety reasons also
leads to a more high]y flavored product than if the product were
not r etorted.

Storage stability studies have indicated that canned and
retorted concentrated washwater maintains a sweet clam flavor
when stored at room temperature for six months. At the en4 of
that time, concentrated washwater was judged equivalent in flavpr
to ceeercia] clam juice.

The process for converting clam washwater into clam juice is
now being applied comnercia]]y. In addition to the direct eco-
nomic benefits from marketing a material that was heretofore
discarded, the process has resulted in a reduction in the BOD of
the plant effluent and has increased the capacity for manufactur-
ing clam juice without utilizing clams specifically for that
purpose. Qith the price of surf clams increasing rapidly, this
conversion of a waste material into a marketable food product has
and will be of significant economic and pollution control benefit
to the seafood processing industry.

2. Oehydrated Clam Flavor

Other uses for the clam washwater have been exp]pred. One
that is promising and should lead tp substantial economic bene-
fits for clam processors is the dehydration of the washwater to
form a clam-flavor ingredient that could be used in formulated
foods such as soups, dips and snacks  Fig. 1!. The dried clam
flavor has several advantages over the clam juice as a food
ingredient. These include lower storage and distribution costs,
and greater versatility. In addition, dehydrated flavors are in
a different product category than the clam juice and therefore
would conmand a higher price as a food ingredient.

Several dehydration methods were evaluated for converting
the clam washwater into a dried powder �,5!. These included
drum-, spray-, and freeze-drying, A trained taste panel compared
the rehydrated dried washwater with conwercia] clam juice. All
of the dehydration methods yielded a sticky, hygroscopic product.
Therefore a low DE dextrin was blended with the washwater before
drying. All products co-dried wi th the dextrin were non-hygro-
scopic and free-flowing. Freeze-drying produced a product that
when rehydrated, had an equivalent aroma, flavor and clam flavor
intensity to clam juice  Fig. 4!. The drum-dried powder ha4 a
burned, carmelized f]avpr. In addition, it had poor solubility
and dispersibi]ity in water. Spray-4rying yielded a more solub]e
and dispersible powder with a slightly better flavor than the
drum-dried powder. Both spray-drying and drum-drying required
la~g~r concentrations of dextrin than freeze-drying in order to
produce a powder with acceptable color and physical properties.
The higher amount of dextrin diluted the clam flavor and a 9«»
like flavor resulted.
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The freeze-dried clam washwater had good dispersibility and
solubility, The addition of the dextrin as a co-drying agent did
not appear to affect the functional properties. Nevertheless, it
was essential to include it in order to reduce the hygroscopicity
of the dried product. The whiteness of the product was directly
proportional to the dextrin concentration. The dehydrated clam
flavor was packaged in the vacuum containers and in jars and
stored for 90 days at 4, 24 and 40'C. All products were judged
to be equivalent after the 90-day storage period.

The dehydrated clam flavor can serve as an effective flavoring
agent in seafood chowders. When 0.5f was added to chowder, the
agama, flavor, clam flavor intensity, and overal 1 acceptability
of the chowder was sIightly improved  Table ]!. When it was
added at the 1$ level, organoleptic quality of the chowders was
better than the chowder containing 0.5X. The taste panel judged
the chowder containing 1'X clam flavor and no clam meat to be
slightly better than chowder made with 3.5X clam meat. Thus it
is apparent that the dried clam juice can be used as either a
replacement for clam meat or a flavor enhancer.

3. Recovery of Meat from Clam Shells

En addition to the liquid eff]uents emanating from clam pro-
cessing facilities. there are solid wastes generated such as
shells, bellies, mantles, and parts of the adductor muscles. The
meat represents about 30K of the total weight of the clam  Table
2!. We have examined various methods for removing and recovering
the clam meat that adheres to the discarded shells �,9!. There
is a substantial amount of meat in this category, representing
about one-third of the total edible clam meat.

In our studies, shells with adhereing meat were collected
before and after she11 chopping and methods were devised for
releasing the meat from the shell. Yarious techniques to accom-
plish this purpose were examined. They include inInersing whole
shells and shell parts with adhered meat fragments into boiling
water with and without agitation, heating shell fragments in a
muffle furnace at 200-600 C for up to 5 min., and heating shell
fragments with attached meat in a pressure cooker at 121'C at
15 psi for up to 15 min. Heating in boiling water for two min.
caused the mantle to be released from the shell. However, the
two adductor muscles, which control bivalve action, failed to
coNI' .off the shell after a 'I5 min. cooking period. These muscles
could be removed from the shell after cooking for 12 min. if
minor scraping was used to free the meat. Anterior adductor
muscles were always more difficult to remove from the shell than
the posterior ones. Dry heat  muffle furnace! resulted in burned
meat that could not be removed from the shell.

The preferred method for removing meat from shel 1 fragments
was by heating in a pressure cooker at 121 L at 15 psi. This
procedure produced a juice product in addition to the meat.
Again, as in the case of other heating techniques. the anterior



Table 1. Organoleptic quality of seafood chowder made with
dehydrated clam flavor .

Clam Flavor
Intensity

Overall
Acceptability

AromaChowder

A 5.0+0.7

5.4+1.0

Bd 5. 0+1. 1

Be 4.9+0.8

5.6+0.7 2.8+0.4Bf

Mean+ SD, n= 10

b
Cornell Seafood Chowder with 3.5X clam meat.

CortIell Seafood Chowder with 3.5X clam meat + 0.5% CFI.

d
CorneIl Seafood Chowder without clam meat.

Cornell Seafood Chowder without clam meat + 0.55 CFI.

f
Cornell Seafood Chowder without clam meat + 1.05 CFI.

Source: Joh and Hood, 1979.
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5.6+0.7

5. 8+1.0

5. 0+ 1 . 0

5,2+1.2

5. 7+0.6

2.5+0.8

2.5+0.9

2.2+1.0

2.4+0.9

5. 2+1. 3

5. 4+ 1 . 5

4. 4+1, 5

4. 6+1. 2

5. 6+1. 3



Eable 2. Weights of parts of the surf clam
 ~S isula solidfssine!.

Weight  X of total!Body Part

Shell

Juice

Meat

Adductor muscle

2-3Heck

7-9Man.tie

3-8Bel 1 y
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muscles were more difficult to remove than the posterior muscles.
Mhile pressure heating did free meat fram shells, it also cooked
the meat, Thus, the salvaged product could not be considered raw
clam meat. In fact, the salvaged adductor muscle was niuch tougher
 as measured by the Marner-Bratzl er Shear Press method! than the
unheated meat.

The amount of meat, juice and shells available for recovery
by pressure heating is significant. Adductor muscles alone rep-
resent about 6X by weight of the total clam and about 20K of the
total edible clam meat. The value of the slightly cooked muscle
might be less than that of the foot or neck parts of the clam.
Nevertheless, the recovered muscle could be utilized as an ingre-
dient in cooked clam products such as chowder.

4. Liquified Clam Bellies

Not all fishery wastes can be readily converted to hNnan food.
Often the volume of the waste is not sufficient to economically
justify processing, or the nature of the waste does not lend
itself easily to handling and processing. Clam bellies are an
example of these types of materials. They are the intestines and
other visceral wastes and represent 3-85 of the total clam  Table
2!. The volumes of bellies generated are usually too low to
justify any processing. In addition, they are slimy and full of
intestinal contents and are difficult to handle and process. In
a matter of hours after shucking, clam bellies will reach high
microbiological counts, become odoriferous and must be quickly
discarded. The challenge is to inexpensively stabilize clam
belly waste and thereby produce useful by-products.

Me have applied some of the procedures developed at the Torry
Research Station for the preparation of fish silage to the pre-
servation and liquefication of clam belly waste. Clam bellies
were preserved from microbial spoilage by treatment with formic
acid �.3f! or sodium chloride �9.5'4!. Specimens were stored in
sealed glass jars at 4, 35' and 55'C for up to 155 days. Micro-
bial populations rapidly decreased, particularly at the elevated
temperatures, Thermophilic plate counts, and yeast and mold
counts were negligible. In general, the brine-formic acid treat-
ments arrested or reduced the microbial populations, thus pre-
venting spoilage.

The use of either formic acid or brine would allo+ the pro-
cessor to store the small daily volumes of waste in drums until
they have enough by-product to economically ship to another area,
to reprocess it into other products, or simply to dispose of it
in a landfill site. In short, it provides a method for the short
or long-term storage pf fishery waste for potential utilization
in animal feed or as fish bait.

The concept has been extended ta the development of a connier-
cial bait for the crab and 'lobster fisheries. T>e product is
blended with a gelling agent, canned and stored fo«n indefinite
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Period. At the time of use, a hole is punched in the can, the can
is placed in a trap, and the contents ooze out to attract lobsters
or crabs. In addition, those animals that enter the trap can not
eat the renaining bait. The latter point is important because
with many baits presently in use, the first animal that enters the
trap eats up all the bait and the trap can no longer attract addi-
tional animals. Me ran a "taste panel" on lobsters using the
canned liquified calm bell~es. The canned product was equally as
effective as redfish, the traditional lobster bait, in attracting
lobsters into the traps. awhile we were unable to interview the
lobsters that were attracted into the traps, they appeared content
and satiated by the psuedo-redfish.

5. Qtilization of Clam Shells

Clam shells are an underutilized resource. They represent
about 50% of the total clam  Table 2!. After the clam is shucked
and the foot and mantle removed, the shells with the adhering
meat and bellies are either returned to the water or are taken to
an isolated location where the meat "disappears" over time. The
remaining shells are pulverized and used for driveway coverings.
In any case, the objective is to get rid of the shells in order
to eliminate a pollution and environmental problem. Little empha-
sis has been placed on finding uses for the shells that would be
of significant economic benefit to the shellfish processor.

In sane cases, shellfish processors are located near agricul-
ture croplands. It seemed logical to us that the shells might be
useful as liming agents for agricultural lands. They are high in
calcimn  CaCO3; carbonate equivalents is about 95%! . Unfortunate-
ly, they contain very low levels of magnesium. This would s.uggest
that the ground surf clam shells could serve as a liming material,
but that additional magnesium would have to be included in some
form.

The idea of using shellfish shells is not a new one. Oyster
shells have been ground and used as chicken feed supplements.
They are about 85-9GX calcium carbonate. The feasibility of using
clam. scallop or oyster shells will clearly depend upon the rela-
tive economic factors in the particular location being considered.
Conversion of these shells to marketable products for the agricul-
tural industry would result not only in economic benefits to the
shellfish processor, but the correction of an environmental pollu-
tion problem. This problem is particularly significant in the
summer months when the shells are stockpiled and the odor from the
decaying meat becomes very objectionable.

6. Uses for Other Shellfish Parts

Jn addition to those already described, there are parts of
shellfish that are excluded during processing and that have here-
tofor e been discarded . One example i s the mantle of the bay or
sea scallop. In scallop shucking, the adductor muscle is retained
as the marketable scallop meat and the mantles and bellies are
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discarded. Like the clam situation. these discarded parts repre-
sent a wasted resource and a pollution problem. Me have been
evaluating these mantles as potential ingredients in processed
seafood products such as seafood chowder.

Scallop mantles are flat, muscle-like membranes about 2 x 8
x 0.3 ran. They are often discarded with the shells in the waste
stream. They are relatively easy to remove from the shell and
can be chopped, washed, canned and marketed as a chowder ingr edi-
ent through the same marketing channels as minced clams . A
seafood chowder that has been developed by other Sea Grant
researchers at Cornel 1 Oniversity contains 10% of these scallop
mantles �!. They impart a rich shellfish flavor to the product
as well as contributing to the level of meat in the product.
Since they are a low value product, they can compete economically
with other meat ingredients  i .e. minced clams! as a chowder
ingredient. The seafood chowder developed at Cornell also con-
tains the clam juice that is manufactured from minced c1am wash-
water. As stated earlier, it is possible to formulate this
chowder without using minced clams by substituting the dried clam
flavor derived from the washwater for clams  Table l!. Thus, a
marketable product has been developed from several heretofore
unused waste materials from shellfish processing.

Scallop mantles can also be readily converted to a puree.
The puree can be canned, retorted at l21'C �5 psi! for 15 min.
and kept for extended periods of time. Modified food starch and
pyrophosphate-hexametaphosphate are included in the foreulation.
This puree could serve as a flavorful ingredient for dips, sauces
and croquettes.

7. Marrying Fin and Shellfish Mastes

Often shellfish and finfish processing plants are located
near to each other. The concept of marrying fin- and shellfish
waste to produce marketable products is one that has not been
explored in any great detail. Obviously, it would require the
cooperation of the plant operators. Such cooperation would un-
doubtedly be facilitated by the economic benefits to be derived.
For example, on Long Island, New York, there is a shellfish pro-
cessor and a flounder fileting plant located one mile from each
other. The fileting operation generates large quantities of
frames or racks after the filets are removed. Conmonly these
frames are converted to fishmeal. Me have been exploring oppor-
tunities for converting these racks or extracts of them into
food ingredients. Obviously, food ingredients would command a
higher market value than fishmeal. There has been some interest
in mincing the cleaned racks and using them as a pet food ingre-
dient. The concept that we have been investigating is to extract
the flavor from the racks and to prepare a fish broth. This
broth could be combined with the scallop mantles or salvaged clam
meats from the clam processing to produce a seafood choMer base.
Flavor problems have been encountered after retorting the fis.h
broth. This has been the subject of a thesis problem just



co mpleted by one of our Sea Grant trainees at Cornell University
�!. From this work it was concluded that the treatment of fish
racks was important to the storage stability of fish broths. The
study looked at broths made from racks which had been stored in 3
different ways prior to being used: a! cleaned and used fresh; b!
cleaned and frozen at -18'C for ll days; or c! packed in ice, un-
cleaned, overnight. The best tasting broth was made with fresh
fish racks or with frozen racks that had been first cleaned,

8- Fish Scales as a Coagulant

Fish scales represent an enormous resource for which no prac-
tical uses have been developed. They constitute about lX of the
total weight of the fish. The potential of the fish scales as a
coagulant has been investigated by another Sea Grant trainee at
Cornell {7,8!. We see these materials as valuable aids in the
pretreatment of food plant processing wastes. Chitosan has gained
substantial notoriety in recent years as a flocculating agent.
The results of our work suggests that dried and ground fish scales
can f'unction as effectively as chitosan as a flocculating agent
 Fig. 5!. Preparation of the scales was as follows. Carp and
porgy scales were dehydrated at 46 C for 24 hr and subsequently
milled to less than 500 micrometers. Dispersions �.01%! were
prepared and their coagulating capabilities compared to chitosan,
alum and ferric chloride. Coagulating effectiveness was evaluated
on egg washing and scallop shucking wastewater and on fruit juice
processing effluents.

9. Srine Recovery from Fish Processing

Salt  NaCl! brines are used in many fish processing or "curing"
operations, In many fresh fish fileting operations, 2.5-5X  w/v!
salt brines are often used to handle and store fresh fish filets
overnight. Some filets are even packed with brine. Fish fileters
are under increasing pressure from municipal sewage plant opera-
tions to reduce the salt content of the fishery's waste discharge.
Consequently, we have been studying methods for the reclamation of
brine. Simultaneously, we have explored methods for recovering
the protein from the brine solution. One process is summarized in
Fig. 6-

This work stimulated some of us to look into the problem of
dealing with brine solutions now being used aboard ships in con-
junction with refrigeration systems. Ships are no longer allowed
to discharge br ine-fish debris material into harbors or bays whi le
unloading fish catches. These brines do not have to be wasted
because such fluids contain proteins, salt and fish fragments. In
fact brine solutions salt out about 2X of the fish proteins and
these materials can be harvested as still another product.

Fig. 7 shows a recovery scheme which can be used on-board
ships to renovate cooling brines. Such a process might be looked
upon as a method to clean brine continuously much as methods which
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filter swinyqing pool water or cheese brine. It i s reasonable to
believe that renovating shipboard br ine liquids would also tend to
improve fish quality in storage as it would remove blood and fish
innards from the refrigerant.

A series of experiments were carried out in which frozen
board brine from tuna fish operations was sent to our laboratory
in Ithaca for recycling studies. Samples of fresh fish were
Placed in freshly made up cold 9X salt brine and then stored fo
seven days at -10 C. "Like fish" from the same catch was also
stored in renovated brine so'lutions from west coast material wh- h
had been processed through the membrane-charcoal system as shown
in Fig. 7.

At the end of seven days, brines were thawed and separated
from the fish, Fish was then graded for organoleptic quality
characteristics by trained taste panelists using both the FDA raw
fish quality evaluation methods and by a more conventional prefer-
ence test using a hedonic scale of 1- IO.

Stored renovated brine from the first, trial was reused again
by using it again with new fresh fish and the trial in week two,
etc., until the same browne was reused in different storage trials
six times. Our data show that brine can be reused at least five
times without impairing the organoleptic quality of fish stored
in recycled brine solution  Figures 8 and 9!.

A full report of this work will be available by the end of
the year in the form of a doctorial thesis now being completed by
F. Welsh, a Sea Grant trainee from Cornell University.

When browne cannot be recycled it sti ll needs attention, thus
we looked into the treatabi lity of spent brine as waste. The
thesi s will provide useful waste treatabi li ty information for
this material. The organic material in fish brine was degraded
using the yeast Candida uti lis NRRL Y-900 in an aerobic reactor.
COD strength was reduced more than 80% within 48 hours. Fig. 10
shows the changes in COD in waste over time.

Yeast cells produced during waste treatment can then be har-
vested as still another food crop in the form of single cell
protein. In the course of the study, brine was treated both
aerobically and anaerobically in order to look at the econo~~~s
of treating shipboard brine liquids in more conventional waste
treatment schemes. Our data suggest that the anaerobic
approach will not treat these waste sufficiently enough without
additional treatment.

10. Developing process,ing Technology for Improving Seafood Oua« y
While the methods to harvest fish are gradually improving

the innovations to keep fish longer in its fresh state are o»y
partially successful. The seafood industry's innovations to
handle fish as a long shelf-life per~shable food are not as
impressive as the gains food processors, made in general agricultur.
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CYC LE

PIGURE 8. Effect on frozen brine storage of the fish carcass
on the flavor of the fillet.  Scale- I - greatly
dislike; 9 greatly like!.
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CYCLE

FIGURE 9, Effect of the frozen brine storage on the mackerel
carcass quality.  Scale: l = excellent; 4 = rejectable! .
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Much of the progress toward keeping fruit and vegetable crops
longer without a lot of processing can be credited to the use of
blanching operations.

Mith this in mind, we have been studying the effects of
blanching fish to control food spoilage. A review of the liter-
ature supports such a hypothesis and it appears that we are
extending the life of fresh fish by using blanching methods.

Another of our Sea Grant trainees, S. Kelleher, has been blan-
ching samples of fish both at Cornell and at the National Marine
Fisheries Laboratory in Gloucester, Nassachusetts. Nuch of the
data generated from this work are very encouraging in that
blanching seems to increase the shelf-life of such products.
The study incorporates chemical, biological, biochemical and
sensory evaluations to evaluate the blanching process.

Concurrent to this blanching work, we continue to look for
quick field tests to measure seafood quality. In general,
trimethylamine determinations have not served us very well at
all. Me have been looking at ethanol measurements as a method
to monitor fish quality. Our preliminary data seem to make a
strong case for using ethanol to measure fish quality. Me
expect to publish the results of this study in early 1981.

11. Separation of Sand from Press Liquor

There is increasing interest among fish fi leters in proces-
sing the frames or racks into fishmeal because of the increasing
emphasis on pollution control. In the coneonly used wet-
rendering fishmeal process, a press liquor by-product is pro-
duced which could be further processed by centrifugation and
evaporation into fish oil and solubles. A processor who is
already centrifuging press liquor has noted erosion of his
centrifuge parts due to sand associated with the fish. The
sand can potentially cause more economic damage to centrifuge
parts than the returns from sale of fish oil and solubles.
Me found that the sand can effectively be removed by placing
the fresh press liquor in Imhoff cones and allowing sand to
settle. Separation can be accomplished with 4 hr. After that
time, the concentration of total solids in the bottom of the
cone is about four times greater than the concentration in the
top oily layer �.5K vs. 2% of the total solids on a dry weight
basis!. However, the bottom portion  settled sludge! represents
only 5$ of the total volume, whereas the top oily layer repre-
sents about 20-30$. The middle layer contains an average of
about 1X sand  on a dry weight basis of the total solids!. By
allowing the bottom and most of the middle layer to by-pass the
centrifuge and go directly to the condenser, more than half of
the sand can be excluded from the centrifuge. This procedure
saves wear and tear on the centrifuge and reduces manpower and
energy requirements.

222



12 Characterization and Treatment of Clam Processing Wastes
Not al l waste material can be converted to marketable products

Fpr a variety of reasons, some must be discharged from the plant
as waste. In some cases, it is necessary to treat the waste
streams coming from plants, Municipal sewage systems may not
exist, or if they do. are notcapable of handling the plant efflu-
eots. Therefore, knowledge of the treatability of effluents can
be a valuable assistance to the processor.

We have measured the water flow rates and characterized the
waste stream from a typical surf clam processing plant and have
evaluated several methods for treatment of the waste material.
The washwater from the first two washing stations and after the
mincing operation were analyzed for proximate composition. The
following parameters were evaluated: B09, COD, total solids,
suspended solids, volatile suspended solids, TKN, NH~, pH and PO4.
Effluent quality was determined by measuring turbidity, suspended
solids and volati le suspended solids, The composite clam process-
ingg waste was amenable to aerobic biological treatment. After a
retention time of 2 1/2 days or longer, better than 90$ of the
COEl and BOD was removed  Table 3!.

Results of these studies indicate that, clam processing wastes
are amenable to aerobic biological treatment. However, it would
not appear to be possible to recover usable food products by the
coagulation-sedimentation process using chitosan, alum or ferric
chloride. Less than 10% of the total solids were recovered by
chemical coagulation and sedimentation. These waste streams are
quite dilute  less than lg solids! and therefore may in part
account for the ineffectiveness of the coagulating-sedimentation
treatments  lO!.
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Solids Retention Time  SRT!

2.5 days 5 days 10 days 15 daysDate

96. 4 98.994.58/1

97. 8 98.994.58/4

98.997. 995.88/6

96.9 98.995.88/7

96.68/13

95. 191. 291. 98/14

8/15 93. 4 91. 2 94. 989.7

9l.38/18

8/20 93.2 94.089.9

94.48/21

Average 97.094.1 94.493. 0
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Mz~ C. Baker
D~srbmmt of Poultry and Avian Sciences

Cczme11 University
Ithaca, New York 14853

Did you krxm that each year in the United States we waste
thousards of txxns of fish? They are unutilized. because of
bone+, bad nanak, size ar because of just plain habit. We as
cx;+san-=~ in the United States dislike having bones in fish.
Many uxxb~tilized species of fish do have many small bones,
but, with dabbing ~hines today, this is not a problan.

The namby of fish in many cases was badly done. M axe
pcemntly worldly with the white Ll~, and have found that
this rme is unattractive to many people. In the Nich~t and
in Can-da, the nba of the white sucker has been changed to
nm11et, a narm amah mme appealing to consamrs. How about
~ie? This is a species of fish which is very ak;azxlant,
especially in Lake Erie. It is mt very appealing to say, "Ho4r
about caning to my louse for a crappie dinner?" Other examples
are: bullhaacL, she~shead and am' fish.

Many species of uaderutilized fish are small, and have
been wasted Recause of the smll size of the fillets. Today
with detaining ma~nes, size is not that ~rtant-
people don't eat +~sin spa:ies of fish just because their
parce~ didn' t,, and they feel they are not edible. Up until
recently, pr cCb~y no one in the United States ate squids
but far many, many years squid has been a delicacy in countries

Spain, Frana and Greece. Pew ~le like carp in this
country, but it is the most popular species in Israel.

~ the East Gest of the United States, fishermm state
that apprcxclzHtely 30 percent, of the catch is underutilized
species. ~se fish~~ al~ say they only fish in areas
~ the number of "trash" fish is lcd. According to the
fisherxmn, ~ are many areas ~ they would catch on-Ly
~9erutilized species; thus, they stay away. A guess is that
70 peart of the fish in the oceans are umierutili
the Great Lakes it is estimated that ~ately SO percent
of the fish are underutilized species. In most cases the fish
are netted. killed and returned to the water as a pollutant.
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species are caught, holes are dug by bulldoz
90 61XQUlgh

catches-

It doesn't sean ]xmsible that m have wasteth th
protein in the past Most p8cple know' that f ish
~~M of protein. Not cd.y do they crmtain a high l~
quality proteins they are also extnsnely ~ in fat
of underutilized fish metain fr@an l to 3 p~ ~
nrxre, the fat is unsaturated.

We at Qornell, along with others, are g~~
HM.'ch~~ly. NB mez'ely mmgyve the head ~ ~tra'l
the a~~ thoxmxghly, and the cleaned fish is p~ b,~~~
heavy plas~ belt and a large metal cylinder wh ch ~~
thousards of small openings. ~ belt axxl cylinder revolve at
slightly different. speeds which cause a sanibbing e~m,
~xarating the flesh frrzn bones and skin. 'Ihe pressure frcm the
belt farces the flesh thresh the holes in the cylixrier, but the
skin, bones, fins and scales can't get through because of their
size, and cele out the other side of the cylinder as waste. The
dec~a of pressure an the belt determines the yield. Fran the
dressed fish  mixnxs head arrl entrails! we cbtain yields of 50
to 75 pe~mt  eg~~ upon the species used. The bane corxtent

very law'  under l percent! and the bones are so snail in size
that in ense cases they canrmt be detected. 'Ihe bane cantmt in
the mum' fish would be less than in fillets. The detonate fish

except that it is rmxch lighter in color.

Pe@ther gigantic loss in high equality poplin in
resulted in the fillets@ indLrstry. After many pcpxlar species

are filleted by machu!e or by hard, the racks the head
and entrails are in most cases wastage. ~ rack minus the head
and entrails can be ' . With the racks Mso known
as francs} we are able to obtain frcm 50 to 70 percent yield of
leshi W~dix~ upon the efficiency in renm ~g the flesh frcm

the frame when. fill~

Mst species of underutilized fish have a mi-Ld
are xrxt fishy in taste. W have found that ~

has a variety of uses. It can be su!:stitut
huger ~ lower in fat! or used in a variety of faa

traditional dishes, for all countries- %W "~ p
~al foods i''.luding sloppy j~,

ny fish bites sweet and orner fish baLls,
f~ied fish. chili, tacm, enchiladas loav i P~~~ za etc e

~ also be used for goux~ types of fish dis"
nd ~~s. Many chefs have told us that the pr ~-
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~ saves than fnxa grinding fillets for many dishes, including
stuf fed f lourxier.

~ of our re+ear& has been with the white sucker  mQlet!
which is excaadinply abunchnt in the Great Takes. 'Ibe rruncer'
prcxhmt fromm the sucker contains only one half to three geromt
fat and thus has a very lon3 freezer shelf-life. We have found
that the white suc3a~m plus many other urxlerutilized species of
fish pre~~ a mirx~ poAuct that results in the pra~tion of
b~ cxmvesu.came foods than papular fish such as flounder,
haddock or cod.

Dr. &ma Goodrich of our Agricultural Eccnaoics Department
also receives research fufxbng ~ Sea Grant. and merket tests
our prmM~. The first product market test& was minced fish
in «me pound frozen blocks. It was pa~ged in a cazdhoav5 box
with a heavy waxed paper ceerwrap. 'Ibe label st~ a dual
pvrgcee since it opere' into a recipe book with fifteen different
recipes for the use of the minced fish. The pmduct, which was

very weU.; gamy concaxters used it as an additional form of fish
rather than substituting it for halnburger.

We have also market tested ~ seafaod ckme9ers frcm our
laboratory, namely, Manhattan ar6 New England. Each of the
chcaders cxmtaiaK 65 percent of seafood prcdu~ tha< in the
past were wa:~~3.. The sales were excellent. Other new pv&ucts
that have been treed teabK ixx:lude Seafood Crispies, Creamy
Fish Bites, and Canned Min~ Fish. All of' these pvoclucts were
~Qar with axmvamrs. In the ~ futcre we will mar!a< test
canned Red Hake and canned Pollock.

T4at does this all nean? I hope it ae.ms that in the near
future there will not be such a thing as underut.ilized
either in the United States or in the rest of the ~id. We
just can' t. afford towaste this perfectly good food.

l. BAKER, R.C., J.M. RM~EIN ~ J.M. Di&FXZR. 1976.

Chawde~. New York Sea Grant Institute, PMarrf, N~

2. BAKER, R.C., J.M. REGS~~ and J.M. KSGPIm. l976.

Crispies. New Yark Sea Grant Institute, PLlbamf. NY

BAKERr R C r J J4 RHXNSTEIN M RAQCP~ and J M

Ero'~ Muxxxl Fish. New Yark Sea Grant Institutei
Albany, NY
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UTILIZATION OF SHELLFISH MEALS IN DOMESTIC FEEDS

Fredric M. Husby, Arthur L. Brundage and Roberta L, White
Agricultural Experiment Station and Alaska Sea Grant Program

University of Alaska, Fairbanks,-99701

The production of Alaskan marine by-products, specifically shellfish meals, is a
relatively new industry in Alaska and represents the introduction of new products
for livestock feeding. Waste reduction plants were constructed in 1973 and 1974 at
Kodiak, Petersburg and Seward to process fish and shellfish processing wastes. These
plants were the method of choice to meet the Environmental Protection Agency
effluent guideline regulations for shellfish wastes set forth as a result of the passage
in 1972 of the FederalWater QualityControl Act. EnvironmentalProtection Agency
guideline regulations for the handling of finfish processing wastes were withdrawn
for a short interval to study economic inequities in Alaska, but a recent U.S. Court
of Appeals ruling upheld EPA regulations to require processors to grind and screen
seafood wastes and then haul them to sea for disposaL This ruling and the cost of
disposal may result in increased production of meals and the introduction of new
meals from a possible bottom fishery. Research to study the utilization of Alaskan
marine by-products, specifically shellfish meals, for domestic livestock has been
funded for the past three years by the Sea Grant Program.

In 1979, the total U.S. production of fishmeal was 387,000 metric tons with
4,043 tons produced in Alaska. Alaskan production included 2,482 tons of shellfish
meal from crab and shrimp processing wastes and 1,561 tons from the processing
wastes of halibut, herring, salmon and whitefish  U.S. Dept. of Commerce!. This
amount of meal is negligible when we consider that Alaska has been the number one
state in dollar value of landings and that the bulk of the processed meal was produced
from crab and shrimp wastes. However, if all the processing wastes from the domes-
tice Alaskan 1979 catch had been processed into meal, the total production would
have approximated 35,812 metric tons and an additional 262,500 metric tons of
meal could have theoretically been produced from the foreign catch that was taken
within the 200-mile limit.

The 200-mile limit was established by the Fishery Conservation and Manage-
ment Act of 1976 and resulted in the State of Alaska's interest and support of a
domestic bottom fishery. Bottomfish meals recently became available for evaluation
as a protein supplement of livestock. When the bottomfish industry further develops,
meals of unknown nutrient content and nutritional value will enter the market as
potential livestock feeds. It is difficult to predict an estimate of the amount and
type of bottomfish meals that will become available in the next few years. The rate
at which a bottom fishery develops and the total possible catch within the near future
was beyond the scope of this study. In addition, an estimate of the wastes from
bottomfish processing is further complicated by variable amounts of waste resulting
by differences in fish size. However, an example of the potential for bottomfish
meal production in Alaska could be demonstrated by the 1977 Bering Sea total
allowable catch of 850,000 metric tons of pollock. If 70% resulted in wet waste and
20% of this resulted in dry meal, a yield of 119,000 metric tons of pollock meal
would be available as a livestock protein supplement. This amount would represent
approximately 31% of the total U.S. domestic fish meal production in 1979. Further-
more, the restrictions of Japanese fishing brought about by the 200-mile limit may
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result in increased Japanese domestic livestock production. Any increase of their
domestic production will necessitate the increased importation of cereal grains and
protein supplements to formulate rations. Alaskan fish meals may become a possible
export product to meet the Japanese demands for protein supplements.

In 1977, Alaska produced greater than 50% af the U.S. domestic production of
shellfish meals. The low price received for Alaskan crab meals can be partly explained
by limited use of these meals in livestock feeds. Crab meals have been reported to be
completely unpalatable to pigs  Morrison, 1959; Krider and Carroll, 1971! and until
recently were not considered as a protein source for ruminant animals. The low price
received for shrimp meal is difficult to explain when shrimp meal produced in the
Gulf States has been reported to be an excellent protein source  Meyers and Rut-
ledge, 1971; Meyers, 1976!. Total production of these meals in Alaska is limited due
to the great distances waste would have to be shipped from the primary processor to
one of the operating reduction plants. Therefore, the limited production and paucity
of information concerning their feeding value in livestock rations has contributed to
the low economic return for these meals. Alaskan herring, halibut, and salmon meals
are considered high quality meals for nonruminants and the operators of the meal
reduction plants also receive a profit from the oils extracted from these processing
wastes.

Palatability and the presence of large quantities of chitinous material could be
serious limitations in the utilization of crab meal in livestock rations. Richards �953!
discusses the molecular structure of chitin as being very similar to that for cellulose,
differing only in the substitution of an acetylamine group for the hydroxyl group on
carbon two of the glucose units. Therefore, one might anticipate that at least part of
the chitinous material in crab meal would be subject to degradation by rumen micro-
flora, similar to that observed for cellulose. Chitin digestibility from blue crab meal
averaged 66% but varied from 26 to 87% when fed to ruminant calves  Patton,
Chandler and Gonzalez, 1975!. However, the chitin content of blue crab meal was
reported to be 10%  Patton, Chandler and Gonzalez, 1975! while the estimate of
chitin in King Crab meal from our laboratory using the acid-detergent fiber analysis
 Van Soest and Wine, 1968! was 17 to 20%, Patton and Chandler �975! have also
reported very low rumen solubilities for shrimp meal, blue crab meal and purified
chitin, 17.4%, 35.7% and 21.5%, respectively, using in vino rumen fermentation
studies. They concluded from these studies that the chitin molecule was a potential
energy source for ruminants and that crab meal could supply some of the crude pro-
tein to ruminants when marginal protein rations were supplemented with crab meal,
Alaskan crab meals are composed of shells, viscera and unextracted meat and some
of the nitrogen is found as nonprotein nitrogen bound to the chitin molecule. How-
ever, the protein contributed from viscera and unextracted meat should be of excel-
lent quality and could be readily utilized by nonruminant animals. If physica1
separation results in two fractions that represent the coarse shell material containing
greater levels of chitin and a fine material from the viscera and unextracted meat,
two products may be possibly marketed with one for ruminants and the other for
nonruminants,

The continued study of fish meals as a livestock feed is of further interest to
coincide with the State of Alaska's efforts in the development of agriculture as a
renewable resource. The expansion of Alaskan agriculture was initiated in the
summer of 1978 when the state sold agricultural rights to 60,000 acres in Interior
Alaska for barley production. Land has been cleared and a small crop was produced
in 1979 and farmers have contracted 15,000 acres of barley for the 1980 growing
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season The state is planning on the expansion of this project and to expand domes.
tic milk production by financially assisting 30 to 40 potential new dairy farms, The
Alaskan legislature has passed legislation to provide 660,000 acres of land for agri
cultural use and to promote beef and swine production within the next decade, At
the present, fish meals are the orrly viable source of supplemental protein for live-
stock production and the expansion of this production would increase the demand
for both finfish and shellfish meals.

This study was conducted as a rnultispecie approach to determine the utiliza-
tion of Alaskan marine by-products, with particular emphasis on shellfish meals, as
protein and energy sources in rations for domestic nonruminant and ruminant live-
stock. Specific objectives were: to determine the performance of lactating dairy
cows, growing dairy and beef calves and growing-finishing swine fed shellfish meals
as a protein supplement; to determine the effect of physical separation on the feed-
ing and nutritional value of crab meals; to determine the reLative irr vr'tro digestibility
of marine by-product meals by rurnen rnicroorganisrns; to determine the protein
quality of marine by-product meals; and to determine the digestibility of crab meal
and crab meal chitin as an energy source for ruminants.

SWINE RESEARCH

Growth trials were initiated in 1976 to evaluate King crab meal  Paralitbodes
carntscbarica! as a replacement for soybean meal �4% crude protein! in either
barley~ybean meal or corn-soybean meal diets of growing-finishing pigs.

King crab meals were analyzed for dry matter, ether extract, ash, and acid
detergent fiir  A.O.A.C., 1975; Vau Soest and Wine, 1968!. The chemical composi-
tion of the King crab meal is listed in Table 1. In Trial 4, King crab meal was separ-
ated through a enmesh sieve  Tyler Standard Soil Sieve! and the material less than
40mesh was compared to the whole meal as a protein supplement replacement for
soybean meal in barley diets. AII diets were formulated to contain 16% crude pro-
tein during the growmg phase for pigs 40 to 125 pound body weight when diets
were then formulated to contain 13% crude protein until the pigs attained 220 pound
body weight. Diets for Trials 1 and 2 are shown in Table 2A. King crab meal replaced
0, 25, 50 and 100% of the crude protein supplied by soybean oil meal in the barley-
soybean meal basal diets. When pigs attained an average body weight of 125 pounds
the crude protein was reduced to 13% by increasing the barley and decreasing the
soI4can meal and King crab meal in proportion to maintain the same 0, 25, 50 and
100% ratios. Trial 3 was designed and conducred in a similar manner as above except
that corn was the cereal supplying the energy portion  Table 28!. Trial 4 was design
m similar fashion to determine the effect of physical separation of King crab meal.
Diets were as follows: barley-soybean meal basal, 50 and 100% replacement of soy-
bean meal with King crab meal and 50 and 100% replacement of soybean m«with
King crab meal that was finer than 40mesh separation.

King crab mall could replace 50% of the crude protein from soybean mea"
barley~ybean meal diets with a slight reduction in feed efficiency  Table 3! Kmg
crab ineal replaced 25% of the crude protein of soybean meal in corn~ybean m~
diets without either a reduction in average daily gain or feed efficiency  Table 4!.
The maximum level of King crab meal as a percentage of chetary intake was betw~
5.3 and 6.3% for corn and barley based diets, respectively. Physical separation
Kmg crab meal resulted in similar average druly gains for pigs fed the basal, ~~
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TABLE 2A

Composition of swine diets, percent of diet, growing and finishing period,
Trials 1 and 2

Grower

ingredient

85.986.1 85,485.3Barley

8,8 5.811.7

6.33.1 12.6

1.0

1.01.0

1.0 1.0

0.50,50.50.5

0,50.5 0.5

Finisher

95.495.695.6 95.6

0.91.9

1.00.5

1.01.01.0 1.0

0.50.50.5 0.5

0,50.50,5

0.50.5 0.5 0.5

Grower diets contained 16% crude protein and were fed 40 to 125 lb. body weigh
Finisher diets contained 13% cruBe protein and were fed 125 to 220 lb- body
weight.
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Soybean meal

King crab meal

Limestone

Dicalcium phosphate

Sodium phosphate

Trace mineral salt

Vitamin-antibiotic premix

Soybean ineal

King crab meal

Limestone

Dicalcium phosphate

Trace mineral salt

Vitamin-antibiotic premix

B~ 25% KCM 50% KCM 100% KCM



TABLK 2B

Composition of swine diets, percent of diet, growing and finishing period, Trial 3

Grower

Ingredient

76.677.177.577.2 77.9

19.8 14.8

Corn

9.9

16.0 21.410.65.3

Phosphate, defluorinated 1.0 1.0
1.0 1.01,0

0.50.50.50.5 0.5

0.5 0.5 0.50,5 0.5

Finisher

86.486.886.9 87,2

10.6 8,0

87.0

2.6

11.65.7

1.0

Phosphate, defluorinated 0.5 0.51.0

Sodium phosphate

Trace mineral salt

1,00.5 1.0

0.50.5 0.50.5 0.5

Vitamin-antibiotic premix 0.5 0.50.5 0.50,5

Grower diets contained 16% crude protein and were fed 40 to 125 lb. body weight,
Finisher diets contained 13% crude protein and were fed 125 to 220 lb. body
weight.
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Soybean meal

King crab meal

Limestone

Sodium phosphate

Trace mineral salt

Vitamin-antibiotic premix

Corn

Soybean meal

King crab meal

Limestone

Basal 25% KCM 50% KCM 75% KCM 100% KCM
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whole meal and 50 and 100% separated meal diets. A reduction in average daily
gains resulted only from replacement of soybean meal with 100% whole King crab
meal. Feed efficiency was reduced only on the diet containing 100% whole King
crab meal  Table 5!, Amino acid analysis of the fine material revealed that the lysine
content of meal finer than 40-mesh was similar to the lysine content of 44% soybean
meal, 2.70% lysine.

A study with Tanner crab meal  Chionoecetes bairdi! was designed and con-
ducted as described above for Trials 1 and 2 for King crab meal for growing-finishing
pigs. Results were similar and Tanner crab meal could replace 50% of the soybean
meal protein in barley-soybean meal diets without a reduction in either the rate or
efficiency of body weight gains. The level of dietary intake corresponded to 7.1%.

A similar study with shrimp meal  Pandalus borealis! that contained only 32,5%
crude protein resulted in only a 25% replacement of soybean meal crube protein in
barley-soybean meal diets without either a reduction in average daily gains or effi-
ciency of gains. The level of intake was 5.9% of the diet,

Similar trials are currently being conducted with Dungeness crab meal  Cancer
magister! an! the results should be available in early 1981. At the present, these
results have 5een used to recommend the utilization of Alaskan shellfish meals at the
dietary intake level not to exceed 6% for growing-finishing swine,

DAIRY CATTLE RESEARCH

One experiment, encompassing 30 cows, has been completed and the data
summarized and prepared for publication in the Journal of Dairy Science. A second
experiment, encompassing 30 cows, has been completed and data are being summa-
rized. A third experiment, which will also encompass at least 30 cows, is planned for
1980 through 1982. These experiments are relatively consistent in experimental
design. AII three are focused on the first four months of lactation by dairy cows
because feed intake and nutritional requirements are most critical during early 1acta-
tion. Cows are randomly assigned to the experiments at similar stages of early lacta-
tion. They are fed a positive control ration for three weeks and then randomly
assigned to experimenta1 rations for 9 to 12 weeks. Milk production and liveweight
data during the control period are used to adjust production and liveweight data
during the experimental period through covariance and adjustment.

In the first experiment, animals individually were fed pelleted concentrates and
silage in separate containers to provide the maximum opportunity for independent
rejection of either feed. Concentrate rations included a negative control to assess
response to protein supplementation and concentrates supplemented at 2 levels with
either soybean meal or crab meal on an isonitrogenous basis  Table 6!.

Milk production  Table 7! was significantly greater  P<0.01! when either protein
supplement was included in the diet, higher at the higher levels of supplementation
 P�.1!, and not significantly different for the two sources of protein supplementa-
tion. Liveweight gains  Table 7! were linear for animals fed soybean meal concen-
trates and were nonlinear for those fed the negative control or crab meal concen-
trates. Cows rejected .5 and .2 kg/day dry matter of the high and low crab meal
rations and rejected essentially none of the negative control or soybean meal rations
 Table 8!. Results from the first experiment suggest that crab meal can be used as a
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TABLE 6

Ration components and nutrient composition for lactating dairy cows

Concentrate rations 96

<ingredients

42.433.4 29.7 41.251,4

150

10.0

15.0�

7.0

0.0 9.018,0 O.G 0.0

22,5 31.0

0.0 0.0

G.G 0.0

0.0 0.0G.O

G.4 0.404

0.4 0.4

0.8

4400 lU/kg

1 3200 IU/kg

Ration Composition  dry matter!
Protein  %!ME  Meal/kg!

1.99 10,7Silage

ggggtive control

gcpybegn olhneal

2.97 9.7

2.99
16.5

14.9

High 2.79

298
17.0
13.5
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Barley

Mixed feed oats

Beet pulp

Molasses

So! %can oilxneal

Craknaiaate meal

Maaocalcitttn phosphate

Dicalcium phosphate

Traae mineral salt

VitarrIm A

Vitamin D2
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protein supplement m concentrates for lactating dairy cows, but not without reser-
vation relative to palatability and liveweight gain.

The second feeding experiment was designed to study two consapsrnces of
blendmg concentrates with forage at the time of ensiling or at the tune of silage
feeding to be fed as total, complete rations. PeBeted con~trates included a nega-
tive control and two levels of crab waste. This exln~ent has been compIeted and
data are presently being analyzed statistically.

The first two experiments were designed to study animal performance on
concentrates in which crab meal replaced 0 or 100% of the soybean meaL The third
experiment is deisgned to study the incn~tal replacement of soybean meal with
crab meal from 0, 25, 50, 75, and 100% on an isonitrogenous basis. It is anticipated
that data from this experiment will provide first approximations of the pomt where
further substitution of crab meal for soybean meal is inadvisable.

The concentrates formulated for the third experiment, with the exception of
50% replacement, will be fed to growing Holstein steers and heifers froin age 60 to
360 days to study the efficacy of using crab meal at various levels in concentrates
for young, rapidly growing ruminants.

LMORATORY SIMULATION OF DIGESTION: Eighteen protein concentrates
have been subjected to sequential digestion in the laboratory to simulate stages of
digestion in simple- and complex-stomached animals. The substrates included one
sample of soybean meal as a standard, seven samples of different fish meals, and ten
samples of king and tanner crab meals. I» sitro dry rnatter, organic matter, and
nitrogen disappearance, and eNuent NH3%, were deterrnmed in a buffered solution,
in hydrochloric acid solution, and in hydrochloric acid~ solution to obtain
estimates of neutral solubility, solubility in the abomasum, and solubility in the
upper intestinal tract  Figures 14!. Data on the same variables were obtained in the
presence of rumen microorIIanisms, hydrochloric acid solution, and hydrochloric
acid-pepsm solution to obtain estimates of digestibility in the rumen~culuin, and
post rurnen-reticuluin in the abomasum and m the upper digestive tract {Figures 54!.
Statistical analysis of these data is proceeding to define differences in simulated
digestion and NH3-N for these 18 substrates. Data were pooled to provide graphic
representation of sequential digestion and MH3% for soybean meal, fish meals, and
crab meals which were shown in Figures 1 through S.

Ammonia production is negligible in the absence of rumen inicroorganisms. A
considerable portion of the nitrogenous material in both fish and crab meal is resist-
ant to microbial digestion and provides a source of bypass protein in rations for
rummants Excessive microbial digestion of protein in the rumen could result in loss
of nitrogen via rumen overflow of ammonia.

QUALITY CONTROL: It is also proposed to analyze chernicaHy random satnples of
specific inarine waste products to obtain reliable estunates of means and variance
comporients for these products. These wiH provide guidehnes for the waste processor
and th» feed manufacturing industry in making effective use of marine waste pro-
ducts. The processing industry should be prepared to proiMe the feed industry with
products having recognized classifications and reliable estunates of composition and

243











IOO

Cl

> 60

, 40
o+ 20

0 Buffer Rumen
HCL

Pepsin

FIGURE 5. IN VITRO DRY MATTER DISAPPEARANCE OF SOYBEAN MEAL AND POOLED
FISH MEAL AND CRAB MEAL SUBSTRATES IN THE PRESENCE OF RUNEN
MI CROORGAN I SMS.

80

~ 6O

O > 40
~O 20

0 Buffer
Rumen-

� HCL
Pepsin

FIGURE 6. IN VITRO ORGANIC MATTER DISAPPEARANCE OF SOYBEAN MEAL AND
POOLED FISH MEAL AND CRAB MEAL SUBSTRATES IN THE PRESENCE
OF RljHEN MICROORGANISMS.

248



IO

80

60

40
g

20

0
Buffer

Rumen
� HCL

Pepsin

!OO

80
O

O 60

P0

E
0 Buffer

� Rumen
� HCL

Pepsin

FIGURE 8. IN VITRO EFFLUENT AMMONIA-NITROGEN OF SOYBEAN HEAL
AND POOLED FISH MEAL AND cRAB MEAL sUBsTRATES IN THE
PRESENCE OF RUMEN MICROORGANISMS.

249

FIGURE 7. IN VITRO NITROGEN DISAPPEARANCE OF SOYBEAN NEAL AND POOLED
FISH MEAL AND CRAB MEAL SUBSTRATES IN THE PRESENCE OF RUMEN
MICROORGANISMS.



composition variability. Current rccomrnendations for the utilization of crab meal in
dairy cattle concentrate rations suggest that a level of 10% of the ration not bc
exceeded for crab meal inclusion.

BEEF CATTLE RESEARCH

Until recently, the hmited use of crab meals in livestock rations were believed
to bc due to the high ash and chitinous material making thc feeds iinpalatable. The
molecular structures of chitin and cellulose are very similar, thc chitin molecule
differing only in the substitution of an acetyiamide group for the hydroxyl group on
carbon II of the glucose units  Richards, 1953!. Therefore, one might anticipate that
at least part of the chitinous material in crab would be subject to degradation by
rumcn microflora, similar to that observed for cellulose. Based on digestibility
studies, Patton, Chandler and Gonzalez �975! reported the chitin molecule to bc a
potential energy source for ruminants. However, the results of these studies were
highly variable, indicating the need for further study.

The major objective of this study was to determine whether chitin from crab
meal is degraded by the rumen microflora of beef cattle. Minor objectives include:
�! to determine if chitin is resistant to acid detergent digestion and therefore consti-
tutes a fiberous component of shellfish meals; �! to examine the nutritiorial effect
of physical separation of whole crab meal into fine  tissue! and coarse  shell! frac-
tions; <3! to determine if the rurnen microflora can adapt to a chitin containing diet;
�! to determine crab meal chitin disappearance during selected time periods.

A trial was performed to compare the modified Welinder method �973! and
the Van Soest acid detergent fiber method  Van Soest and Wine, 1968! for esti-
mating the chitin content of shellfish byproducts. Prior to chitin, in mvo and i»
r»tro analyses, Tanner crab meal samples were separated using a 40-mesh sieve  U,S.
equivalents of a Tyler Sieve standard 420 mrn! into three fractions, whole, coarse
�43 mesh! and fine  �0 mesh!. All substrates werc analyze  for moisture and ash
 A.O.A.C., 1975!.

The utilization of Tanner crab meal  Cbionoeceres bairdi! by beef cattle rumen
microflora was determined by in vitro and in vitro dry matter disappearance; includ-
ing chitin, protein and ash. Two mature head of beef cattle with rurnen fistulas were
fed a maintenance energy diet of brome hay during Period I and adjusted on an
energy basis to 25% Tanner crab meal-75% brome hay maintenance diet duriing
Period II. Jn vino disappearance of Tanner crab meal substrates from nylon bags
 Mehrez and Orskov, 1977! suspended in the rumen was determined over time.
Rumen fluid was acquired from each animal within the same period to determine
and correlate in nitro disappearance using the Tilley and Terry �963! two stage
digestion technique with r'»»irro disappearance.

CHITIN ANALYSIS: No significant difference  P>0.05! was detected between thc
Van Soest acid detergent Cher and modified Welinder methods for chitin determina-
tion, when Tanner crab, iricluding whole, coarse and fine fractions, and whole aud
by-product shrimp meals were analyzed <Table 9!. A significant difference  P<0 05!
did exist between methods for chitin determination when Dungeness crab meal was
analyzed. The acid detergent fiber analysis was originally designed to measure the
cellulose and lignin fractions of plant materials. The success of using acid detergent
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I er analysis for chitin was probably due to the strong similarities between chitin
and cenulose ruoiecu]ar structures  Richards, 1953!. The failure to quantitate chitin
m Du%en~ crab by the acid detergent fiber method may be due to an unidentlfi
specie difference, such as a greater percentage of interfering proteins.

Prior to acid detergent fiber treatment per cent nitrogen in whole, coarse, and
fme Tanner crab meal varied from 4.4 � 6.8%. Residues from acid detergent fiber
analyses, presumably chitin, from crab meal substrates contained 6.6 � 6.7% nitrogeii
 Table 10!. These results supported the use of the Van Soest method for chitin
analyses. If the acid detergent fiber residues were composed of chitin, the rutrogen
content should have been less than 7% and greater than 7% if the residue contained
chitosan as reported by Muzzarelli �977!.

CRAB MEAL SEPARATION STUDY: Following physical separation of Tanner
crab meal through a 40-mesh sieve �20 inm!, the inaterial finer than 40-mesh had a
17.1% greater crude protein content and a 16.3% reduction in chitin and ash.
Material greater than 40-mesh contained 21.3% less protein and an 18.5% and 17.2%
increase in chitin and ash, respectively  Table 11!. Whole Tanner crab meal was
characterized by a crude protein content of 35%, a low ether extract, high ash and
6ber contents. The crude protein was similar to the amount of protein for by-
products of plant origin. However, some nitrogen is contained in the chitin molecule
and may be released as ammonia when chitin is degraded and may be in a form
usable by rumen microorganisms. If the Finer material represented viscera and
unextracted meat, then it should have had a higher crude protein content and a
higher quality protein than the whole meal which contains some crude protein in the
amino folm on the chitin molecule. Physical separation of crab meal into fine and
coarse particles enhanced i» viva and i» vitro disappearance of all components for
the fine fraction, while disappearance of all components of the coarse fraction were
decreased,

These results may be partially explained in terms of surface area; the smaller
the size, the greater the surface area available for bacterial and protozoal attack. ln
addition, one must consider the composition of the various fractions. The fine
material contained less ash and the relatively insoluble chitin but a greater protein
content, while the coarse material had a greater content of chitin, ash and the insolu-
ble sclerotonin-arthropodin chitin bound proteins.

IN VIVO AND IN VITRO STUDIES: During Periods I and II i» viva disappearance
for all components was greater than i» vitro disappearance. This was expected, the i»
vivo system being an open system, and the m vitro system being closed. Data indi-
cated that the relative disappearance due to treatment were similar between the i»
vivo and i» vitro methods.

Although initial analyses indicated that Tanner crab meal was more completely
digested following simulated gastric digestion, data indicated Tanner crab was «
lized by rumen microflora. Dry matter disappearance increased dramaticaily upon
addition at 48 hr. of acid and pepsin  Table 12!. Further studies indicated that «
increase was due primarily to an 80% ash component disappearance. The ash compo
nent was prnnarily composed of calcium carbonate. The acid apparently reacts with
the calcium carbonate matrix of the shell releasing carbon dioxide.
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Pepsin, as would be expected, caused no additional increase in ash disappearance
when added to the acid. Chitin and protein disappearance were also increased with
the addition of acid but to a lesser degree than the ash. Chitin and protein disappear-
aace increased further with the addition of pepsin to the acid as was expected since
pepsin, a proteolytic enzyme, would degrade the protein fraction, and the arthropo-
dias and sclerotonins bound to the chitin, at an increased rate.

The abomasum may have significarit importance to crab meal digestion not
only because of its acid-pepsin qualities but it appears to also secrete a type of
chitinase which c.ould be of importance to crab meal chitin digestion  Lunblad, et.
aL, 1974!. Additionally, it is possible that the chitin-protein complex, after passing
through the acid environment of the abornasurn, is more exposed and therefore
more available to degradation by microorganisms in the cecum.

An indirect measure of crab meal utilization by beef cattle would be the main-
tenance of body weight on a energy maintenance diet between Period I  no crab
meal!, and Period II �5% of metabolizable energy as crab meal!. The experimental
animals in this study maiataiaed body weight within very narrow ranges throughout
the study. Dry matter disappearance between Periods I and II were very similar,
while chitin, protein and ash were variable depending on type of substrate. Chitin
being very similar to cellulose is beheved to be a potential energy source for rumen
microflora. Preliminary indications support this hypothesis. Period I chitin dis-
appearance during the firsr. 48 hours was rather low, with the greatest disappearance
occurring at 48 hours for the fine fraction  Table 13!. During Period I cellulose
disappearance from hay was greater than crab meal chitin disappearance. After a six
week adjustment to a crab meal diet chitin disappearance was sIgnificaatly  P�.05!
enhanced in aH cases, while cellulose disappearance from hay was unaffected.
Coarse meal chitin disappearance from nylon bags at 48 hours increased from 2.8 to
19.8%, respectively, between Periods I and II.

It appeared that a shift in the rurnen microbial population occurred once crab
meal was added to the diet. Similarly, Patton �973! observed that young growing
cattle when first exposed to a chitinous diet digested the chitin fraction poorly and
rhat the digestion was improved after the initial exposure to chitinous materials. The
increase in chitin disappearance indicates a shift from cellulytic to chitinolytic
bacteria, with chitin being the preferred nutrient source. A further indication of a
microbial population shift is a drop in rumea fluid pH between Periods I and I from
6.8 to 6,6. Another possible explanation for the increase in chitin disappearance
between Period I and II is that the microbial chitinase enzyme requires chitin to
iaduce its production. Jeuaiaux �955! reported that the formation of extracellular
chitinase in most bacteria and fungi, was adaptive and that the chitin substrate must
be present before the enzyme wiII be produced. A shift in inicrobial population
would result in a demand for nitrogen for microbial protein synthesis This may
partly explain the significant  P�.05! rise in protein disappearance from hay aad
coarse meal between Periods I and II  Table 14!. The increase in protein from coarse
meal may have also been due to greater availability. Once the chitin matrix became
more soluble the protein bound to it would have also become more available,

This study indicated that chitin represents a fiberous component of shellfish
meals and was an available source of nutrients for rumen microorganisms. Once crab
meal was added to the diet rumen adaptation occurred, which was demonstrated by
the increase of 17 percentage units in chitin disappearance from coarse meal �8
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hour incubation! after a 6 week crab meal adjustment period ~~ ~> mdi~~
that Tanner crab meal is a viable feed alternative for the incrn own n mto ~
rations, The separation studies may represent a marketing altem m
desirable she0s  coarse meal! being utilized as a fo~ srrpplement ~ the fm
which are high in protein, as a high quahty protein supplement to
swiJle industries.

BEEF CATTLE FEEDING TRIALS: A prcliininary feedmg trial with b f calves
was conducted with a ration containing 10% Tanner crab meal and barl~. The
growth rate and feed efficiency were comparable to results obtained pn other high
concentrate rations but the study must be duplicated prior to practical ration formu-
lation recommendations are made available to catde feeders.

Tanner crab meal was offered free choice to beef calves fed low quality forage
during a recent winter-feeding trial. Feeding low quality forage often results in
reduced voluntary intake due to a lack of protein to stimulate rumen mierooqprnisrn
population growth which are required to digest the fibrous portion of th« forage.
Supplementation of low quality forages with protein has been reported to increase
the voluntary intake and improve feed utiTization. However, crab meals have not
been considered as traditional protein supplements. Therefore, a study that requires
replication, indicated that calves would increase their consumptiori of low quality
hay by 20% when allowed access to Tanner crab meal and that they would consume
this meal free choice.

CONCLUSIONS

Shellfish meals can be utilized effecuvely in growing swine diets when the level
of supplementation does not exceed 6% of the dietary intake and the physical
separation of crab meal may represent an economic and nondestructive method of

provmg thc meal for nonruminant hvestock Coarse material containing greater
amounts of chitin may be a viable energy source for ruminants when a period of diet
adaptation is utilized prior to prolonged feeding. Beef and dairy cattle may be able
to utilize crab meal success fully at dietary [evels below those studied and provide an
economic source of protein in conjunction with other sources of protein to obtain
morc acceptable balanced rations.
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UTILIZATION OF S}IRINP PROCPSSING irI45TES
IN 0!ETS FOR FISH AND CRUSTACEA

Samuel P. meyers
Department of Food Science
Louisiana State University

Haton Rouge, LA 70803

INTRO IRCT I ON

The application of shrimp meal and other crustacean wastes in
the rapidly expanding field of aquaculture is indeed relevant to
this conference on seafood waste management. Aquaculture, the cul-
ture or husbandry of aquatic animals or plants, is inct easingly be-
coming a consideration in projections of fish, crustacean and mol-
luscan resources worldwide. A short discussion of the implications
of aquaculture is in order based on needs of this industry for
readily available proteinaceous ingredients for use as dietary com-
ponents in least-cost formulations. Special emphasis will be
placed on shrimp and prawn culture, particularly on coneercial mar-
ine shrimp of the genus Penaeus.

goring the FAO Technnsca Yonference on Aquacu Itur'e in l yoto.
Japan, in 1976 �9!. it was estimated that world production through
aquaculture had passed the 6,000,000 ton mark, a doubling over the
previous five years. This aquaculture resource amounted roughly to
1� of world production. It has been projected that by 1985, ap-
proximately 20 million tons of various seafood products will be
produced using aquacul ture techniques. These projectians must be
considered in terms of harvesting pressures on traditional fisher-
ies resources, along with increasing world demand for seafood pro-
ducts. Some countries already rely upon aquaculture for over 40%
of their total fisheries supply, and such production is expected to
increase. It should be noted that more than 80K of world aquacul-
ture in 1975 was in the Indo-Pacific Region, with the highest pro-
duction in the People's Republic of Chinae with an estimated output
of 2.2 million tons. This is about 37% of the total aquaculture
output and 55» of world finfish culture productiorL. Kn Japan alone,
from 1964 to 1974, natural fisheries landings increased 5~ whereas
that from aquaculture increased 24PL. In 1974, 8% of the total
Japanese natural catch was through aquaculture-

Aquacultural production noN accounts f« approximately 3$
�5.000 metric tons! of total U.S. landings, and may increase to as
much as 10' within this decade. It is the source of 2'5X of salmon,
4N of oysters, 50' of catfish, 50% of crawfish, and almost 10 C of
freshwater trout landings. Although aquaculture in the United
States has concentrated largely on species in»gh 4erna.nd and lim-
ited supply, it is not restricted to high-valued products. Fish.
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such as buffalo fish, mu]]et, and various species of carP can be
«a«4 in ponds and processed into acceptable low-priced food pro-
ducts. Some indication of aquaculture growth is evidenced in U.S.
catfish farming, now comprising about 56,000 acres compared to 400
acres in 1960. In Louisiana, crawfish farming is a multi-mi'llion
dollar industry. comprising thousands of acres of aquafarm area.

AsPects of penaeid shrimp culture have been summarized re-
cently by HcVey �!, with specia'l consideration given to those ef-
forts to develop a viable commercial industry through intensive
and extensive practices. In addition to successful shrimp farming
in various countries of the Indo-Pacific Region, especially Japan,
Indonesia and other Southeast Asian areas, significant activity in
shrimp culture i n this hemisphere has been in Central and South
America. Especially noteworthy is the conInercial shrimp farming
effort in Ecuador and Panama. As noted by NcYey, Ecuador leads all
Lati~ American countries in production of pond-raised shrimp, with
an estimated one-third to one-half, i.e., 3-5 million pounds, of
the total country production of pond origin.

Some of the incentives to shrimp culture and concurrent diet
development should be noted. Among these are such considerations
as increased demand and limited natural supplies, together with es-
calating fuel costs of shrimp vessels. There has been significant
progress made in technological aspects of shrimp biology, especi-
ally that relative to life cycle control. Investigations needed
for a better understanding of shrimp nutrition are receiving con-
siderable attention �6!. Intensive and extensive systems have
been improved greatly and more and more of the determinants to in-
creased productivity per unit area are being enumerated. Coupled
with this increasing worldwide interest in shrimp farming is recog-
nition of the need for more effective dietary formulations, par-
ticularly since feeds may comprise 50K or greater of the cost of
the aquaculture venture.

RESULTS AND DISCUSSION

The four areas of investigation discussed in this presentation
are listed in Table 1. These topics demonstrate the realistic and
economically viable application of crustacean wastes. In this
paper, the terms "waste" and "by-product" are used interchangeably
to refer to those products from the shrimp processing industry that
currently are being discarded or processed into a low cost meal,
Certainly, various of the approaches used with shrimp meal, includ-
ing analysis of the processing operation, are applicable to other
crustacean industries.

Recovery and Application of Shrimp 'pastes
Studies of the Shrimp Processing Plant

Analysis of Shrimp Meal
Extraction and Use of Carotenoid Pigments

from Crustacean Mastes

Table l. Areas of Investigation
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RECOVERY AND APPLICAT>PN
OF SHRINP WASTES

Volume/Economic Value
Competiti ve Feedstuffs
Appl i cat i ons/Narkets

Resource Constraints
Ease of Recovery
Processing Requirements

Table 2. Considerations in Recovery
of Crustacean Wastes

As noted, while this discussion concerns the shrimp canning
industry, clearly items listed in Table 2 ale applicable to a va-
riety of seafood processing industries in which volumes of solid
waste are generated. The logistics involved in collection and con-
centration of the waste product are of Prime economic importance.
Furthernere, the volume available must be sufficient to justify the
effort involved and satisfy the needs of the particvlar target mar-
ket. The seasonality of the industry must be considered. ideally,
the by-product should meet the requirements of a specific market
that can support a sound price and, if possible, is predicated on
more or less unique applications. Use of shrimp meal in cultured
shrimp diets is an example of such application Resource con-
straints may be critical if the by-product recovery and its use is
predicated on a marginal capture fishery in which poor harvest or
a declining resource will have a deleterious effect on the total
economics concerning the waste portion.

A sunlnary of real and projected applications of shrimp wastes
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Shellfish Processing and efforts to enhance pollution abate-
ment, together with product recovery, is well treated by Johnson
et al ~ �! ~ Nore recently, Nauldin and Szabo {8! have focused spe-
cifically on the shrimp canning industry and analyses of liquid and
so lid wastes generated. Studies from our laboratory �7! have docu-
mented approaches to recovery of such organic wastes and have pro-
Posed a variety of real and potentia'l applications for these mate-
rials �4! ~ Other earlier work can be cited. Meyers and Sonu �5!
reported on the nucleotide and amino acid levels present in shrimp
blanch water and noted significant concentrations of flavor-enhanc-
ing nucleotides such as INP and amino acids such as glutamic acid
and glycine.

Analyses of shrimp waste protein �4! have revealed proximate
values of protein as high as 5%. Further evaluation of such mate-
rial �5! has shown that SMP has significant nutritive value, im-
proving protein quality by 745 when soybean protein in the diet was
replaced by 50% of SWP. Use of SWP in canned or processed pet
foods, or as an additive to texture vegetable proteins, was pro-
jected. Further shrimp waste investigations have included studies
of shrimp meal itself  ll,'l2!, including analyses of pigment proper-
ties  9!.

A variety of relevant considerations must be considered in any
projected recovery of crustacean wastes. These are listed in Table
2 and will be further discussed as research data are presented.



is giver, in Table 3.

Source of:Livestock Feed Ingredient

Tropical fish/bird diets

Aquaculture formulations

Pet food supplement

Use in fabricated

- Shrimp protein concentrate
- Flavor concentrates
- Carotenoid pigments
- Chitin/chi tosan

shrimp products

Table 3. Application of Shrimp Waste Products
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Certain of these aspects, especially applications in aquaculture
diets, will be discussed subsequently. It should be re-emphasized
that the value of the particular by-product may be notably in-
creased based on use, Examples are in shrimp diets, where the
crustacean meal serves an essential need, or in salmonid diets
where the feedstuff provides a valuable source of astaxanthin pig-
ment. There is an increasing need to develop and improve aquacul-
ture diets, based on workable feed formulation practices and good
animal husbandry. More and more emphasis is being placed in aqua-
culture on effective use of industrial by-products or "wastes" as
dietary ingredients to replace traditional feed conlnodities. As
noted by Perkins and Meyers �7!, diet formulation practices must
relate to current economics of marine and agricultural feedstuffs,
problems of the seafood industry, and the state of the art in pro-
cessing techniques. These food/feed related considerations are im-
portant in achieving economic viability in the nutrition and diet
development phases of aquaculture �6!. It has been demonstrated
in our work, as well as in that of others, that shrimp by-products
have valuable application in fish and crustacean diets  9,15,16!.

Shrimp-based flake diets �! have been used in nutrition of
various fishes, especially freshwater and marine tropicals, spe-
cialty diets to enhance pigmentation, breeding, etc., and supple-
mentation and ultimate replacement of currently used live food in
aquatic animal culture. The tropical fish market is by no means
insignificant. In analyses of sales of aquarium-related products,
foods of various types showed a 17,55 increase in 1973-74, from 57
to 67 million dollars. Shrimp meals and pigment-fortified marine
substrates are receiving increasing attention as skin/flesh colora-
tion agents in salmon and trout diets  9!. Shrimp protein, ob-
tained as a by-product of a chitin-recovery operation, has been ef-
fectively used as a pigment and protein source in diets for pond/
pen raised salmonid fish �!.

Food applications cannot be excluded for the shrimp canning
industry generates a noteworthy amount of .food-grade waste meat
that can be effectively incorporated into a variety of fabricated
shrimp-based products for human consumption. Application of shrimp
meat fragments is readily apparent in development of flavor concen-
trates, reconstituted shrimp and for use with texture soy protein
in fabricated shrimp products. Lyophilized cooked shrimp protein
concentrate has a strong shrimp flavor and a pinkish-orange color,



alon9 with a salty taste from the brine used. Both aspects can be
adjusted via rehydration and comninution with vegetable protein ex-
tenders. A product such as this could be used as a mock shrimp for
human consumption, requiring only formation of the shrimp-TSP mix-
ture inta a shape resembling a fantail or butterfly shrimp- The
shrimp industry as a whole is looking into processes and products
that will "extend" shrimp using procedures that combine shrimp meat
and flavor with vegetable proteins and fillers  soy or rice! ~
ing new products that can be competitive with other staple proteins.
THE SHRIMP PROCESSING PLANT

A brief mention of the source of the shrimp wastes discussed
here is in order. Efforts from our laboratory have been concen-
trated in the South Louisiana region, comprising collections over a
several year period. This region has a significant number af shrimp
processing plants, generating in excess of lOO millions pounds of
waste yearly from Gu'If canned and frozen shrimp industries �7!.
Logistics lend themselves to collection and concentration of a con-
siderable portion of this material. The schematic given in Figure
l illustrates the general flow diagram of the shrimp cannery opera-
tion. divided into categories of peelers/separators, blanching
units and final vibrators/blowers and inspection tables. Detailed
aspects of the total waste generated are given by Mauldin and Szabo
 8!-

Figure l. Flow diagram of shrimp cannery operation.

Studies over the past two years have provided data on stream/
solids discharge. meat recovery, sensory evaluatio«nd foo4/feed
product development. ge have endeavored to focus on fea~ible sites
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ANALYSES OF SMR!MP MEALS

More effective utilization of shrimp meals, and crustacean
meals in general, requires careful attention to analytical aspects
of the product. Especially noteworthy are dissimilarities in chi-
tin levels which significantly affect the final corrected protein
percentage. Such variability of different shrimp meals  Table 4!
is of considerable importance and has been discussed at length in
our earlier studies �3!.

Crude
protein

Corrected
protein

Preparation

Dehydrated meal
Sun-dried meal
Machine-dried meal
Shrimp heads
Shrimp hul'I s

28. 5
47.8
39.5
53.5
22,8

37,3
51. 7
44.7
58.2
45.9

20.6
9.0

12.1
11.1
54.5

*Chitin = 6,8% N.

Table 4. Analysis of Various Shrimp Meal Preparations

These dissimilarities become even more apparent when comparison is
made of' shrimp hulls with the high protein value of a meal derived
from shrimp heads  Table 5!.

% Protein
C « ii i* i i

53.5 8.9 11.9 3.2 22,6 7.2 1.68
22.8 0.4 27.2 4.0 31.7 11.1 3.16

Heads 55. 8
Hulls* 45.0

*Shell discard from breading operations.

Table 5. Comparison of Shrimp Heads and Hulls
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of waste generation, both liquid and solid, for maximal recovery of
soluble and suspended organics and separation of such materials for
feed and food use �7!. I4hile currently all solid waste is pro-
cessed into a meal or disposed of via landfill operations, our work
has also shown the presence of large volumes of readily availab'1e
food-grade cooked meat currently discarded. This material, from
the vibrator/b1ower portion of the process can be used for a vari-
ety of shrimp-based products for human consumption. including such
items as a sausage product using proper extenders and binders
 Hsing and Meyers, unpublished!.



CAROTENOID PIGMENTS FROM
CRUSTACEAN WASTES

An important component of crustacean wastes is the level of
carotenoi d pigments present, especially the astaxanthin percentage.
The value of crustacean meals as carotenoid-containing feedstuffs
has been well demonstrated in ea.rlier studies �,20,21,22,23!.
Furtherrrore, it is suggested that astaxanthin of crustacean origin
Nray be more readily resorbed into fish tissues than that frlrr syn-
thetic sources. Cultured salmonid fish fed red crab and shrimp
exhibit a reddish cast to thei r flesh comparable to that of wild
specimens. As noted by Meyers  9!, shri mp meal is widely used to
impart color to the integument and flesh of various animals, in-
cluding species of tropical fish. A variety of flake formulations
�.10! containing specific shrimp meals have been effective in im-
parting striking fin and integument color to economically valuable
tropical fish species,

The carotenoid levels of various shrimp meals and a meal pre-
pared from crawfish waste are shown in Table 6.

Pigment
concentration

Qg/9

Materi al

Shrimp meal  brown shrirap!
Shrimp meal  white shrimp!
Shrimp meal � machine dried
Vacuum-dried shrimp meal  Pandalus boreal is!
Shrimp head meal
Crawfi sh meal  Procambarus clarkii!

'l0

6
2-3

104
31*

163

«Based on vegetable oil extraction.

Table 6. Carotenoid Content of Various Shrimp Meals
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A brief mention of shrimp head meal applicable to penaeid
shrimp culture is in order. As corrmrercial shrimp culture opera-
tions generate increased amounts of head waste, greater considera-
tion is being given to utilization of such material as a dietary
component. The advantages of shrimp head meal in crustacean diets
have been noted by workers in the Philippines and elsewhere �8!.
Shrimp head meal is a good source of animal protein, serves as a
valuable attractant in shrimp and prawn diets, and contains desir-
ab]e levels of cholesterol as high as 174 mg X. Cholesterol has
been found necessary for proper molting of the shrimp species,
penaeus a nicus �!, and lt ls entirely 1tkely that comparable
requirements ex st for other species of penaetds. S<mllarly, the
value of shrimp head meal in crustacean diets as an attractant can-
not be minimized, for forrrirlations devoid of shrimp meal often fail
to stimulate feeding behavior by the shrimp species in question.



Par ticular note should be made of the relatively low astaxanthin
values of the commercial shrimp meals compared with a vacuum-dried
product from Haine and with that from Louisiana rrawfish, to be
discussed subsequently.

A brief discussion of the various factors affecting pigment
quality  Table 7! is relevant -to use of crustacean meals for their
carotenoid content.

Condition of Raw Product

Processing Cond1tions
Pigment Characteristics

Use of Antioxidants

Table 7. Factors Affecting P1gment equality
in Crustacean Heals

Caratenolds are susceptible to strongly oxidizing conditions of
light, heat and atmospheric oxygen and the conditions of process-
ing, all of which affect pigment levels in the f1nal meal. Por-
tions of our investigations concern optimization of astaxanthin
levels in crustacean wastes, especially crawfish meal, ln view of
the economic value of this pigment component, based on demand for
a high pigment-quality meal, clearly more attention must be given
to meal processing conditions. The effect of drying on carotenoid
levels of shrimp meal has been demonstrated by Kamata et al. �!.
who showed the value of a shrimp protein concentrate as both a pig-
ment and protein source for aquaculture-raised salmonids.

Emphasis on the pigment value of crustacean meals has directed
attention to development of methodology for effective carotenoid
pigment removal and concentration. An effective process used �l!
consists of milling of the crab or shrimp waste followed by heating
of the material  90 C/15 min! in a cooker, and subsequent treatment
in a press or cont1nuous decanter with final clarification result-
ing in a carotenoid-rich oil. ln our work, as well as that of Spi-
nelli and Nahnken �1!, a vegetable soy oil has been used for such
purposes. The value of these pi gment extracts, when incorporated
into Oregon Hoist Pellet diets, in enhanc1ng flesh coloration of
coho salmon was clearly shown by Spinelli and his group. The oil
extraction technique   1! has various advantages compared with the
standard solvent assay approach. Especial'ly noteworthy is the oi'l
recovery percentage as well as other desirable features in that the
oil serves as a pigment vehicle and an energy substrate source.
Furthermore, the partially extracted crustacean meal can be used
as a separate proteinaceous material for animal feed purposes.

The effectiveness of the oil extraction process is shown in
Figure 2. These values are based on use of fresh ground wastes,
with the particle size being of significance in the release of the
pigment coeponent. Astaxanthin levels obtained from our crawfish
wastes, even in the first stage of extraction, are 1n excess of
values, estimated to be 60 mg/190 g oil, considered coenercially
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feasible. The percent of oil recovered from the crawfish meal is
especially noteworthy in terms of the economics of the process.

CRAWFISH
Iem~ma! r '+A'-~i

 LSU OAVA!

0
2 i2O

UJ
VJ

gL 10

0

Z

60

0

SHRIMP
WASTKI

0 3o

V

2

STAGES  NUMBER!

Figure 2. Carotenoid levels in oil phase of different crustacean
wastes  adapted from Spinelli and Hahnken, 1978!.

Preliminary data, based on studies with rainbow trout fed a 20%
crawf'ish meal-fortified diet, have clearly demonstrated the value
of the pigment-rich waste, Fifty-gram samples of the flesh of the
control trout showed carotenoid levels of 0.72 gg/g wet weight com-
pared with concentrations of 4.2 gg/g in the test specimens, a six-
fold increase in pigment concentration over the growth period.
I.arga-scale tests currently in progress in a conmercial salmonid
culture facility in the Pacific Northwest appear equally promising.
especially in view of the large volumes of' readily available craw-
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fish wastes in Louisiana yearly. Harvests in 1977 generated in ex-
cess of six million pounds of pigment-rich waste which can be used
directly as an astaxanthin source or as a substrate for pigment
isolation and concentration.

APPLICATIONS OF SHRIMP MEALS

The variety of possible applications of shrimp meal in diets
for both crustacea and fishes is given in Table 8. The value of
the pigment component in fish diets has already been emphasized.

Formulations for:
Fish

Late larval ~ Fry
Attractant
Growth stimulant
Source of chitin

Grow-out

Source of carotenoids

Table 8. Use of Shrimp Heal in Aquaculture Diets

Shrimp meal is a regular component of crustacean diets, being
added from 19% to as much as 30% of the ingredients present. An
example of an extruded diet, widely used in our aquatic inverte-
brate i nvestigations, is given in Table 9 �0!.

Percent of
formul a

Ingredi ent

Table 9. Aquatic Invertebrate Extruded Diet
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Late larval ~ Grow-out
Source of:

Protein
Non-protein nitrogen
Chitin/glucosamine
Cholesterol
Lipids/essential fatty acids

Attractant

Carotenoid level and composition

Shrimp meal
Fish meal
Soy protein
Rice bran
Hhey
Starch
Vitamin mix
Lecithin
Fish solubles
Alginate binder
Sodium hexametaphosphate

31. 5%
8
3

34
S

10
2
1
2
2.5



The contributions of the various ingredients used, in addition to
the shrimp meal, have been described �,10!. Use of shrimp meal
appears to be especially valuable in those shrimp culture facili-
ties where little supplemental feeding is possible and where all
of the animal's nutritional requirements must be satisfied by the
diet itself. While shrimp meal may not be "essential" in penaeid
diets, it has been shown repeatedly to enhance growth.

Pre-formed chitin, or its breakdown products. such as glucosa-
mine, stimulate shrimp growth and serve as feeding stimulants or
attractants. Workers have suggested a need by certain penaeid
species for cholesterol and essential fatty acids. materials con-
tained in the shrimp meal component of the diet. Conmercial shrimp
farmers in Latin America use crustacean wastes via recycling shrimp
heads through feedi ng steps of shrimp cultivation. In Japan, tiger
prawn farmers use shrimp meal to enhance both nutrition as well as
the pigment characteristics of the animal at harvest. Proper col-
oration of the crustacean is necessary for optimal consumer accep-
tability. Interestingly, Louisiana shrimp meal is exported to
Japan for this purpose. The value of properly prepared meal is re-
ceivingg greater recognition and the market price per ton has re-
flected such interest and use. Indications are that the supply of
good quality shrimp meal, even for the relatively limited aquacul-
ture field, will not meet the demand. Investigations cited here
all indicate the need for sources of astaxanthin-type pigments, in
concentrated or inexpensive meal form, for a variety of aquatic
and livestock diets. Preliminary work  Meyers, unpublished! has
shown the value of shrimp-based products in dietary preparations
far larval fishes and fry of various species . Evidence suggests
that the inclusion of shrimp in the diet has a noteworthy chemo-
tactic response in enhancing feed uptake and digestive efficiency,

CONCLUSIONS

Breakthroughs in shrimp culture portend a decade of economi-
cally viable growth, all requiring proper diets based on least-cost
considerations. In Ecuador alone, over 3O,D00 hectares �0,000
acres! of ponds are in shr imp culture use, yielding an annual har-
vest in the millions of pounds. Feeds are critical to the economic
success of the operation.

Indications are that aquaculture will continue to expand over
the next five years and will increase in its contribution to our
seafood economy. In the United States where private land is in-
volved, aquaculture industries such as trout, catfish and crawfish
culture will certainly expand. Expanding crawfish culture in Loui-
siana, already a multi-million dollar industry, i s an example of an
economically successful crustacean-raising industry, Systems of
pen or cage culture and ocean ranching of salmon in the Pacific
Northwest are producing increasing tonnages of salmon for the con-
sumer market. Other such examples are documented by Pi llay and
Dill   19!. Along with expansion of aquaculture will be concurrent
demands for sources of feedstuffs that are nutritionally suitable
and satisfy the needs of industry for waste abatement and applica-
tion of the recovered product. This decade will be one of note-
worthy innovations in resource development and husbandry practices.
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wherein nutrient-rich fisheries by-products are recognized as a
usable comaodity rather than a waste product to be discarded.
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AGRICULTURAL CROP FERTILIZATION
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Depts. of Horticulture. Pood Science 6 Technology and Agronomy

Virginia Polytechnic Institute and State University
Blacksburg, VA 24061

and
H. H. Bryan

Agricultural Research and Education Center
University of Florida

Homestead, FL 33031

The belief that fish and fish by-products may have nutri-
tional qualities beneficial for plant growth is an ancient one
although the origin of the idea is uncertain �!. However, fish
and fish by-products have been recognized and used as fertilizer
�,2,3,5!.

The fish solubles �! are produced in the menhaden industry
from the stickwater following oil removal. This materia is
evaporated to contain 50K solid. The fish solubles are complem
mixtures of mineral nutrients, amino acids, proteins, fats and
vitamins present in varying proportions depending upon the kind
of fish species and method of conversion from which they are
derived.

In 1977, the tuna, anchovie and menhaden industry produced
978,288 short tons of stick and unloading water. Approximately
699,120 tons were from the menhaden fishery alone. On a percent-
age basis, the menhaden industry accounted for 71Z of the total
waste effluent  Tony Bimbo, Zapata Haynie Corp., private conmu-
nication!. A recent 1980 conference on crabwastes at Hampton, VA
indicated the volume of crabwastes of processing pleats in
Maryland and Virginia amounted to 1.2 m kg.

Investigations into the influences and properties of fish
solubles were begun several years ago to assist the fish and sea-
food industry with the problems associated with the disposal of
solid and liquid wastes. An approach was implemented to divert
the fish wastes in the form of fish solubles and other seafood
wastes for agricultural crop fertilization. A genera3. summary

the results of fish and seafood wastes on the responses of
crop plants are reported herein.
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MATERIAL AND HBTHODS

The ma/ority of the experiments were conducted in the green-
house in sand culture using plastic or clay pots. Both green-
house and field plot experiments were conducted for soybean.
Fish solubles were applied as freshly prepared solution. The
primary method of application was as a soil drench and in some
cases as a dilute foliage spray. Crop plants were sprayed st
t'egular intervals. Crabwastes were tested by directly incorpo-
rating the fresh pulverized materials in sand for growing crops.
A randomized complete block, consisting of 5-10 replicates, was
used as the experimental design. The collected data were ana-
lyzed by analysis of variance procedure and treatment means com-
pared using Tukey's test �!.

RESULTS AND DISCUSSION

The influences of fish solubles and to a lesser degree, the
effects of crabwastes on the growth of crop plants are sunmarized
in Tables l and 2. Fertilizing the decorative plant species,
philodendrons, peperomias and schefflera regularly with 200 ml
per pot of freshly prepared fish solubles at the concentrations
noted over a period of several months to over a year have shown
that the crop plants responded favorably to t: he fish soluble
nutrients. The plants grew well and had a dark coloration and
glossy sheen on the foliage and aged more slowly compared to
plants fertilized with inorganic nutrients. The growth of vege-
table crops such as lettuce and radish was also enhanced. In
both crops, senescence of the foliage was delayed. The foliage
of pleats fertilized with fish solubles were greener than inor-
ganic nutrients fertilization. In tomato, vegetative growth was
promoted and flowering time was delayed by several days . At:
higher rates of fish solubles fertilization, fruit size was
reduced but aot at medium concentrations. Fruits ripened similar
to inorganic nutrients fertilization. Tomato plants senesced more
slowly when fertilized with fish solubles than plants fertilized
with inorgani.c nutrients. Peas responded in the same manner.
Peas fertilized with fish solubles produced pods with heavier
seeds than peas fertilized with inorganic nutrients . Both sweet
corn aad field corn responded with enhanced vegetative growth to
fish solubles fertilization. Foliar sprays gave relatively poor
growth. Cora responded to higher concentrations of fish solubles
than tomato. The higher fish solubles concentration �X, 6X!
which accelerated corn growth were in]urious to tomato . Fertil-
ization of soybeans with fish solubles under both greenhouse and
field conditions significantly increased seed yield. However, the
nature of the cultivar had an influence on the final yield.

The growth of corn and tomato in a sand medium containing
crabwastes showed that corn was more tolerant to higher rates of
crabwastes than tomato. Incorporation of crabwastes at 20-40 g
per 3.5 kg of sand medium did not appreciably inhibit corn growth
compared to corn fertilized with fish solubles. The same rates of
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crabvastes were inhibitory to tomato growth. The inhibitory prop-
erty of crabwas tea may be useful and desirable in situations where
excessive vegetative growth of crop plants are undesirable or to
minimize lodging in cereal crops.

CONCLUSION

The comparative efficacy of fish soluble nutrients and inor-
ganic nutrients fertilization on the growth and performance of
several popular decorative houseplants  philodendron, pothos, 2
peperomia, schefflera!, vegetatable crops  tomato, lettuce, radish,
pea! sweet corn, field corn and soybeans have been evaluated. The
crop plants fertilized with fish solubles showed healthy growth
and dry matter gain comparable to plants fertilized with inorganic
nutrients. The plants fertilized with fish solubles had dark
foliage and showed a delay of senescence. Tomato reproductive
development was delayed by fish solubles fertilization. Seed
yield of soybeans was increased by fish soluble nutrients. In
general, the growth appearance and quality of the corn plants
fertilized with fish solubles vere excellent and of marketable
quality. Crabwastes shoved a greater growth-inhibitory effect on
tomato than corn. The growth-inhibiting property of crabvastes may
be an asset to lessen lodging or to slow dovn excessive grovth of
crop plants.

The results obtained are encouraging, but additional studies
are warranted to provide a sound technical and economic basis for
full utilization of the fish and other seafood by-products for
agricultural crops production.
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CRAB MEAL PRODUCTION: TRAGIC IMPACT ON
THE BLUE CRAB INDUSTRY UNLESS VIABLE

ALTERNATIVES ESTABI ISHED

Kimball F. Brown

P. O. Box 623

Hampton, Virginia 23669

Four and one half years as manager of the Hunt Crab Meal Co.
plant in Hampton, Virginia has provided me vith exposure to the
various problems vith which the blue crab industry is confronted.
In October of 1979, I participated in the "Blue Crab Colloquium"
conducted by the Gulf States Marine Fisheries Commission at Biloxi,
Hississippi. My subject then was 'Blue Crab Conventional and
Prospective Utilization'. What I discuss herein is an update of
events and circumstances that have taken place during the ensuing
months. The nature of these is such that I vill include in the
introduction the introduction presented at the Blue Crab Colloquium,
since it has come to pass that it vas, in effect, an accurate
prophesy:

"After four years of involvement with crab
scrap disposal in Hampton, Virginia, the hub of the
blue crab industry in the world, two factors have
become glaringly apparent. The community-at-large,
most of whom consider crab meat a gourmet's delight
and many of whom benefit directly from the influences
of the industry in their community, have no know-
ledge or concern about the importance of crab scrap
disposal. Similarly, crab factory owners, totally
engulfed in production, processing, and sales, seem
to ignore or try to forget, the tragic consequence
that vould ensue if their only vehicle for crab
scrap disposal � crab meaL production -- were to
vanish."

The edible yield from picking blue crabs is betveen l0 and I2
percent, the cook-loss during processing is approximately LO percent.
The remaining 80 percent is crab scrap, a combination of shell,
protein, and water. The scrap is collected from factories at two
to three hour intervals and is trucked to the meal plant. This
routine is dictated by the need to remove the scrap from the factories
before it becomes offensive or creates conditions that are not
acceptable to shellfish sanitation authorities.
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Once at the meal plant, the scrap is dehydrated to reduce its
65 percent moisture content to less than 10 percent. It is thea
ground by a hammermill and stored for shipment. Crab meal plants
have historically been sources of offeasive odors and ammissions of
particulate. Due to the municipal growth aad the e~aasioa of
suburbs, meal plants that were once ia the hiaterlamds are aow ia
the mi.dst of industrial and residential areas. This fact, coupled
with the increasingly stringent environmental protection regulations,
has obligated crab meal plan.ts to install anti-pollution e9uipmeat
aad systems that are more costly than the total value of the plant
for which controls are needed. This has spelled the
of the three crab meal plants in Maryland and has seriously threatened
the future of the Hunt Crab Heal Co. in Hampton, Virgiaia-

Two addi.tional factors have jeopardized crab meal op«atioas
the spiraling cost of fuel and the effect of the embargo imposed on
grain exports to Russia ia January of 1979. The only market for
large volumes of crab meal is as a feed supplement for. the poultry
industry. The result of rhe embargo was to depress the price of
soy meal on which crab meal prices are based. This also created
surplusses of the major feed ingredients causing feed mills to
eliminate crab meal from feed formulas.

During 1977 and 1978, extensive research was canducted at
Hunt Crab Heal Co. in the production of chitin and chit.osan and
high concentrate crab protein. This research also took into
account numerous other alternatives that did not show suf ficient

promise or. potential feasability to challenge concentrating oa
chitin and high protein pursuits.

By mid � Harch, the blue crab waste problem had reached near
panic proportions in the Lower Chesapeake Bay area. The owaers of
Hunt Crab Heal Co. announced that they would close the plant on
April 15th. Closing the Hunt plant would result in unemployment
for 1,500 crab pickers, 300 watermen, the owners and staffs of 11
crab factories and cause serious losses for many related interests.

With the previously generated confidence that converting to
the manufacturing of chitin cou]d provide the solutioa ta the
problem, full time was devoted to seeking emergency, "stop gap"
funds that would permit sustaining plant operati.ons while seeking
long term funds for a progressive change over from meal to chitin
production.

In behalf of the owners and the blue crab industry, > proceeded
to communicate with local authorities including city nbanagers,
planning and development, the Virginia Harine Resources Commission,
the Virginia Environmental Development Fund  created by the proceeds
of the Allied Chemical/Kepone incident!, the Covernor of Virginia,
Congressmen and senators. All showed great concern and wii].ingness
to cooperate, but none of these could recommend any source for
emergency funds.



Since these efforts were to no avail, I carried the problem to
branches of the Department of Commerce in Washington including the
Environmental Protection Authority, the Economic Development Authority,
the National Marine Fisheries Service, the Nidd3.e Atlantic Development
Foundation, and finally, by letter to President Carter.

The result of taking the
had been a matter that seemed
and suddenly came to a boil.
Baltimore, and Annapolis with
treatment .

problem to Washington was that which
to be gett.ing only luke warm attention
Many meetings ensued in Washington,
the crab scrap problem getting priority

The Hunt plant closed on April 15th as had been announced, and
the cities of Hampton and Newport News granted temporary permission
for scx'ap to be deposited at their landfills. One week later, the
plant reopened with only a skeleton crew and on a day to day basis,
since there was now some optimism over the possibility of emergency
funds becoming available.

Throughout this entire period, the crab factory owners stood
back in what appeared to be "lethargy" or "quandry". A number of
attempts were made to urge them to voice their concern and to show
some semblance of unification, but thi.s did not and has not happened.

In mid-Nay, nine of the eleven factory owners did convene to be
introduced to the Regional Director of the Council, for the Revitali-
zation of Labor and Industry. They were advised that each of them
could be eligible for a grant of upwards to $10,000 from the Council
if they would complete applications that would document that thei.r
sales volume or revenue had been adversely effected by imports of
crab meat. The Director was confident from interviews with individual
owners that most of them could qualify. To my knowledge, only one
made ap pl ica t ion.

Department of Commerce and Council members stressed the fact that
the possibilities of gaining federal funds would be greatly enhanced
if the factory owners would unite as a body wit.h a common purpose.

At the suggestion of the Council for the Revitalization of Labor
and Industrv I then submitted a preliminary proposal for a start � up
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I proposed to them that they accept membership in an organization
to be known as The Chesapeake Blue Crab Alliance. The sole intent of
forming such an alliance would be to demonstrate to prospective funding
sources unification of a purpose. The invitation to membership also
submitted that this could be the vehicle some time in the future whereby
they could be issued preferred stock in whatever type of firm that
might be established for a viable means for disposal of scrap. Prospec-
tively, they could receive preferred stock dividends from scrap
disposal profits in direct ratio to the respective quantities of scrap
 raw material! that they provided for the manufacture of revenue
producing end products. The result of the invitation to membership

three i.n favor and eight non-commit ted.



chitin/chitosan plant. Under the proposal, the Hampton crab meal
plant would immediately convert to mechanical separation of shell
and protein. Prospective markets for high concentrate protein had
already been investigated. The nearly protein free shell could then
be discarded without being offensive or could be stock piled for
future processing into chitin as the proposed new plant reached
production capability.

To provide a clear understanding of the intent of the proposal,
I quote its Preface and Summary:

"Preface: It is considered after extensive investi-
gation of all conceivable possibilities that the only
ecologically and environmentally acceptable and
economically feasible alternative for the disposition
of blue crab waste in the Chesapeake Bay area is in
the manner that is proposed herein.

Problems regarding disposal of crustacea waste are
not limited to Chesapeake Bay. They are approaching
critical dimensions in the crab, lobster, and shrimp
fisheries along the East Coast, throughout the five
Gulf States, and in the Canadian Maritime Provinces."

"Summary: Total departure from the conventional
process of dehydrating and grinding scrap into
meal for uses as a poultry feed ingredient could
avert the extinction of the blue crab industry.

This proposal presents preliminary data and pro-
jections for the establishing of a marine polymer
 chitin/chitosan! and marine protein manufacturing
plant. Its inception could resolve scrap disposal
problems and its products prove useful in control-
ling pollution, bettering humanity, and salvaging
valuable protein."

The proposal was presented to the Department of Commerce at
a combined meeting of Virginia, Maryland, and Washington repre-
sentatives in Annapolis on May 14th. Unbeknown to me, another
proposal was being submitted at the same time from Maryland gov-
ernment officials for funds for a variety of feasability studies
on alternatives for scrap disposal.

The conclusion to be drawn from the meeting was that this
warranted a follow-up meeting in the immediate future to determine
the best course of action. To my knowledge, the chitin plant
proposal was neither accepted nor denied. The follow-up meeting
took place on September 9th and 10th at Virginia Beach where, I
understand, it was agreed to conduct feasability studies on such
disposal alternatives as composting, fertilizer, chitin, evaluating
existing plants and pursuing ways of financing crab scrap coopera-
tives under a grant of $70,000 from the federal government to the
Maryland Department of Natural Resources.
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SUMMARY

At present, the State of Maryland has no outlet for crab scrap
disposal except the landfills where availability will cease at the
end of 1980. Virginia is limping along with the skeleton-crew-
operated Hunt plant that could close at any time.

The blue crab fishery is not unified or with little exception,
willing to support or participate in solution of their own problem.
This is documented by a recent news release in a Virginia paper:

"But Virginia's push for research funds may be lag-
ging since the departure of Kim Brown from the Hunt
plant, an aide to first district Rep. Paul Tribl.e
told the Times � Herald in a telephone interview. Since
Brown "is no longer behind the project," the aide said
prior to today's conference, he knows of no one
actively seeking money for waste research in Vir-
ginia. Brown is now an operations manager for Pass
Bros. in Greenport, N. Y."

Hopefully, before the blue crab industry withers into total
extinction, some force will come forth that will cut through
bureaucratic red tape and politics, impress upon the afflicted
blue crab industry the utter necessity of their unifying and
participating in solution of their own problems and that science
and the blue crab industry can find a common ground of working
relationship for the survival and furtherance of the valuable
fishery.
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CHITIN-CHITOSAN PRODUCTION
FOR UTILIZATION OF SHELLFISH WASTES

B. L. Averbach
Professor of Naterials Science

Nassachusetts Institute of Technology
Cambridge, Massachusetts 02L39

INTRODUCTION

The usual methods of shellfish waste disposal include dispatch
to land-fill sites, discharge at sea, and conversion into meal.
Dumping on land or at sea has become increasingly difficult and may
be banned in the near future. On the other hand, the operators of
meal plants have also faced serious probj ems. The market price of
shellfish meal is determined by the price and availability of
competing feeds, particularly soybean meal, and within the last year
the meal plant in one area, near Hampton, Virginia, first closed
and then reopened tentatively, when the meal operation could no
longer be sustained economicalI.y  L! . In addition, the meal plants
suffer environmental difficuLties which will raise the cost of
meal production even more. The disposal of shellfish waste thus
raises significant problems for the domestic industry, and a
systematic approach to the handling of these wastes is required if
shellfish processing is to continue here.

It is attractive to consider the possibility that the exoskeletons
vhich remai~ after shellfish processing are not waste products but
raw materials which can be made into valuable new products, other
than meal. This possibility is realized in processes which use
these shells to produce chitin and chitosan. Although chitin pro-
duction may lead to other disposal problems, these are manageable,
particularly in new processing plants. It thus seems, therefore,
that by such a move, a waste disposal problem can be transformed
into a new chemical industry with substantial additional benefits.
The model for this procedure nov exists i.n Japan, where a chitin-
chitosan plant which is capable of producing about a million pounds
per year of chitosan has been in operation for about a decade. Yet,
the same development. has not occurred in the U. S. In this paper
ve will examine The current prospects for the establishment of a
domestic chitin industry. We will first summarize the chemical
procedures which are used in the processing. The chemical and
physical properties of the resultant products which are of most
interest will then be discussed. The costs of production and the
availability of raw materials vill be discussed, and finally, we
vill assess the economic prospects for a substantial new chitin activity.
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PROCESSING OF CHITIN AND CHITOSAN

The sequence of operations to produce chitin and chitosan from
shellfish wastes is quite simple and is summarized in Figure l.
Shells are crushed and washed to remove any adherent shellfish meat.
Protein values may be recovered from the initial wash. The shells
are then demineralized in a weak acid, typically 0.5X hydrochloric
acid, and then deproteinated in 0.5X sodium hydroxide. The remaining
shell is chitin. Protein can be precipitated from the caustic
solution, This processing produces chitin, protein from two sources-
the adherent shellfish meat and the protein which is indigenous to
the shell � a weak hydrochloric acid which contains substantial
amounts of sodium chloride, and a weak caustic waste water. The
sodium chloride can be precipitated and recovered and the resultant
effluents can be neutralized and eliminated or recycled. Chitin is
converted to chitosan in a deacetylation reaction with concentrated
caustic, tpically 40 � 50X NaOH, at temperatures which range from
100 to 150 C. The resultant products are chitosan and sodium acetate,
The shell has not been dissolved during any of these processing
steps. The reactions occur by leaching and the rates of the reaction
are dependent on the particle sizes. Furthermore, it is evident that
the expenditure of energy is small and the use of chemicals is modest.

The properties of the chitin and chitosan are very sensitive
to the processing parameters �! and there are considerable variations
in quality, depending on the methods employed. Nevertheless, with
careful control it is possible to turn out chitosan with molecular
weights in the vicinity of 800,000 � 1,000,000 with consistently
reproducible properties. The processing technique was presented in
the original patents by Rigby �,4! and has also been discussed by
others �!.

STRUCTURE OF CHITIN AND CHITOSAN

There has been a substantial amount of work on the structures
of chitin and chitosan. The basic molecular arrangements are shown,
in Figure 2. Chitin is an acetylated glucosamine which is structurally
similar to cellulose, and, in some respects, chitin plays the same
role in artbropods as cellulose in plants. Chitin is a relatively
inert material. It is difficult to dissolve, resisting most acids
and alkalies. There are specific chitinase enzymes which attack
chitin, but the reaction is slow. Recently it has been shown that
chitin can be dissolved in N, N-dimethylacetamide containing 5X LiCI �!
but even here the reaction is difficult.

Chitosan, is similar to chitin, but with the removal of the
acetyl radical from the amino group. This chemical change has a
profound effect on the chemical properties. Chitosan dissolved
readily in weak organic acids, such as acetic and formic. It is
insoluble in alkaline or neutral aqueous solutions, and insoluble in
the usual organic solvents. The solubility is controlled by the
degree of deacetylation and it is estimated that acetylation must
be at least 85X complete in order to achieve solubility. Complete
deacetylation can only be achieved at the expense of a reduction in
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molecular weight, and a practical compromise is achieved by producing
a product with 95-98K deacetylation, which is suitable for most
applications.

Chitosan is similar in appearance to chitin. Both are usually
produced as a flake or granule. The particles have many interstices
and openings with a large effective surface area. In solution, chitosan
is a cationic polyelectrolyte. The positive charge is very effective
in accelerating coagulation and the material is used at concentrations
as low as 4-10 ppm  by weight!. Chitosan dissolves readily in weak
organic acids at a pH of approximately 4 and it will dissolve in one
percent acetic or formic acid solutions on a mole for mole basis, if
we consider the fundamental molecular weight of the unit structure
shown in Figure 2. The full molecular weight of the polymer is re-
tained in these weak organic solutions, and the relationship between
viscosity  as determined on a Brookfield viscosimeter! and the molecular
weight  as determined by high pressure liquid chromatrography! is
shown in Figure 3. The chemical behavior and chitosan is well
summarized in two books by Muzzarelli �,7!.

SOME PROMISING APPLICATIONS OF CHITIN AND CHITOSAN

A. Pol electrol te-coa ulant

The most common use of chitosan is as a coagulant. Almost the
entire output of the Japanese plant is applied to the coagulation of
sludge in activated sewage treatment plants. The chitosan is supplied
aa a dry flake or as a dilute solution in acetic acid. Chitosan is
selected as a coagulant because it is effective at dilute concentrations
and because i.t allows a reduction. in, or the elimination. of, the alum
which is normally used. Chitosan competes with other polyelectrolytes
and appears to be maintaining a relatively stable portion of the mar-
ket. Chitosan is biodegradable and this factor may eventually lead
to more widespread use in sludge treatment.

There have been several studies which show that chitosan can be
used very effectively to coagulate food wastes into a product which
could be returned to the food chain as a feed  8,9!. There have also
been rat-feeding studies which indicate that as much as 5K of chitosan
in the diet of a rat can be tolerated without ill effects  lO!, but
these preliminary findings have not been followed by the detailed
testing required by the FDA to allow chitosan to be permitted as an
additive.

B. Film and Fiber Formin Ca abilities

Chitosan can be cast into transparent flexible membranes and fibers,
The process has been studied in some detail �!, and a typical stress-
strain curve for chitosan membranes is shown in Figure 4. The membranes
are quite strong, with a tensile strength of 22,00O psi and with an
elongation of about 40X. Membranes and fibers of chitin have also been
cast by Austin and co-workers and by several Japanese investigators.
These membranes are also strong and flexible, and both chitin and chitosan
are excellent dye acceptors.
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Several applications in this area have been explored. Chitin
filaments have been spun into thread. Chitin and chitosan membranes
have been proposed as food wraps. Chitosan has been used to finish
cloth and to thus enhance the dye acceptance. The film-forming
capabilities of chitosan have also been used to irrrprove the wet
strength of paper. However, none of these applications have been
brought to a corrrmercial stage.

C. Chelation of Hea ?Cetals

Chitosan is a very effective chelator of heavy metals. Nuzzarelli
and co-workers �! have been responsible for much of the pioneer work
in this area and Table 1, which is taken from his work, indicates
how effective chitosan is in removing heavy metal ions from dilute
aqueous solutions. Chitosan chelates almost all of the metal ions,
vith the exception of alkali and alkaline earth metals.

The mechanisras of the chelation reaction has been studied in
our laboratory  ll!. Membranes of chitosan were irrrorersed in dilute
neutral solutions and then. sectioned. The concentrations of metal
and anion were measured by means of a microprobe in a scanning
electron microprobe. Typical penetration curves for copper and sulfur
 contained in. sulfate! are shown in Figures 5 and 6 for chitosan
imrrrersed in. a dilute solution of copper sulfate. The copper pene-
tration appears to follow diffusion kinetics, but the sulfate
penetrates much more rapidly, and the concentration appears to be
controlled by another mechanism. The concentrating power of chitosan.
is apparent. The solution contained 10 wppm Cu. The surface of
the chitosan contained 6 wt. pct. Cu, for a concentration ratio of
6000.

The chelation of heavy metals and of anion compleses is becoming
increasingly important in water treatment and this application is
probably one of the most important potential basis for a chitin
industry.

Several applications have also appeared to be very promising �2!.
In the pharmaceutical area, Austin and co-workers have demonstrated
that surgical sutures can be made from chitin fibers. Other investi-
gators have used chitosan as a slow release agent for insecticides
and rodendicides. There have also been suggestions for the use of
chitosan as a thickener in food preparation.

R. Potential for Commercial Utilization

It is evident that chitin and chitosan have several important
chemical and physical characteristics, but the corrmercial utilization
of these products in the U. S. has been slow to develop. There are
competing products for chitosan in each of the proposed applications,
and chitin materials will be used only if there is a cost advantage,
or if there is a unique technical feature in a given application.
As we will indicate in the next section, we estimate that chitosan
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TABLE 1

CHELATION QF METAL IONS BY CHITQSAN

Metallic Ion Percentage Absorbed
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must sell at about $4 per lb. and chitin at about $3 per lb. in
order to sustain a small plant, and it is evident that these materials
are not inexpensive. However, there are two features vhich are
unique to chit, in and chitosan. Both products are biodegradable,
and chitosan has an unusually broad range chelating ability for heavy
metals and most anionic complexes. These properties suggest that
chitosan could become an important chemical in water treatment,
with distinct advantages over competing chemicals, In addition,
since chitosan is nov in commercial use as sludge coagulant in
Japan, this suggests that a similar market could be developed here.
We thus have two markets, water treatment and sludge coagulation,
which could use a large amount of chitosan in the U. S.

The other applications are certainly of long range interest.
Those which require approval by a regulatory agency vill be very
slov to progress because of the cost involved, Those which require
a large amount of material, for example, used as a food wrap, will
not develop because of the perception that the total amount of
readily available raw material is limited. Others require extensive
research and development and vill progress at a slov pace. We thus
consider the best possibilities for application of chitosan to be
as a coagulant and as a chelator of heavy metals.

PRODUCTIOH PROBLEMS

We may consider the problems of production in two steps. First,
we vill estimate the costs of producing chitin and chitosan, and
then we vill consider the siting of a plant, In approximate terms,
one tone of shells processes into 100 lbs. of chitin or about 80 lbs.
of chitosan. As by-products, there vill also be approximately 200 lbs.
of protein, 300 lbs. of impure sodium chloride and 50 lbs. of sodium
acetate. We vill estimate the costs on the basis of a plant vhich
produces 300,000 lbs. of chitosan per year. Such a plant is very
small, approximately one-third the size of the Japanese plant, but
a small plant may be all that can be justified until the industry is
better established.

Our estimates of the costs of producing chitin and chitosan,
in 1980, are summarized in Table 2. Although the raw material,
shellfish shells, is considered to be a waste material which the
processor must dispose of, frequently at some cost. This is not the
long term situation for a chitin plant. The shell must not be con-
sidered a waste vhich is treated as garbage. The shells must be
segregated, kept clean, and removed at frequent intervals to a cool
storage area or to the chitin plant. Storage handling and transportation
costs are involved and these are estimated to be about $0.05 per lb.
of chitin- The rest of the costs are based on our experience in
operating a small pilot plant in Hampton, Virginia at the Hunt
Crabmeal Co-+ We have not taken into account the returns from the

* The author is very grateful to William P. Hunt and Peter Perceval
for their sponsorship and for their efforts in estabilishing and
running this plant.
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TABLE 2

ESTIMATED COSTS OF CHITIN AND CHITGSAN

Dollars per lb.

1. Production chitin

0.05a. raw material, ger lb. of chitin

b. cost of chemicals, per lb. af chitin

c. labor

d. overhead

e. selling coats

f. depreciation

g. research and development

h. profit

0. 20

l. 00

0. 40

0.20

0.20

0 35

3. 00Selling price, per lb. chitin

2. Production of chitosan

0. 30

0. 10

0.60

Additional cost to produce chitosan l. 00

Selling price, per lb. of chitoaan 4.00

297

a. cost of chemicals, per lb. of chitosan

b. labor, per lb. of chitosan

c. overhead



sale of protein, sodium chloride or sodium acetate, since the resultant
profits wiLL be smalL compared to the other costs. We conclude that
in an integrated chitin-chitosan platn, that chitin will have to be
sold at $3/lb. and chitosan at $4/'lb. if the plant is to be economically
viable. It is interesting to note that chitosan sells for about $8/kg
in Japan.

The location of the plant is an important factor. A plant which
is to produce 300,000 lbs. af chitosan requires 3,750 tons of shells.
Since transportation costs are high and freshness of the shells is
important, we consider that all of the shells be available within a
50 mile radius from the chitin plant.

The capital equipment, space and power requirements are modest
for a plant of this size. We estimate the cost of the equipment
and installation to be about $300,000 for a chitin plant, with an
additional $LOO,OOO for the chitosan plant, for a total of $400,000.

ECONOMIC PROSPECTS

There are several regions in the U. S. which could readily
supply raw materials for an integrated chitin-chitosan plant  k3!.
The Hampton, Virginia � Delmarva area, the North Carolina coastal
area, the Florida and Gulf coasts, the Texas coast, and the Pacific
Northwest all have regions with sufficiently concentrated sources of
shells to be good sites for a plant. In order to provide an assured
source, however, it would be necessary to form a cooperative arrange-
ment, so that shells would always be available. A regional cooperative
would be attractive, but it is evident that a capital outlay, which
may seem large in comparison to the current value of an individual
shellfish processing plant, will be necessary. The chitosan plant
may sol~e the shellfish disposal problem, but it is evident that it
will run at a loss until the market is established.

Another possibility is to defer the chitosan portion and make
only chitin in a regional treatment center. There is only a very
small market for chitin and it may be necessary to dispose of it as
a supplement to fertilizer. Chitin does contain nitrogen and it de-
composes slowly on the soil. It would thus be sold as an organic
slow-release nitrogen source, but the selling price would be very
low. Chitin could also be stockpiled for eventual conversion to
chitosan- Chitosan could be made in a small pilot plant in sufficient
quantities to deveLop the markets. If the production of chitin is
merely a disposal procedure, a simple plant which recavers protein
and produces about 300,000 lbs. of chitin could probably be built
for $L00, 000, but the chitin would still cost about $2 per lb.
However, since rhis is distributed over 3,750 tons of shells, the
cost per lb- of processed meat would be. very low. From this point
of view, chitin is being produced to provide an acceptable method
of waste disposal.

If we are to make chitin only f or the purpose of providing a
convenient waste disposal method, we can consider an additional



option. Each shellfish plant could be provided with chitin production
equipment. Depending on the size of the plant, we estimate that
$25-50,000 would be needed for equipment. Tbe chitin and protein
recovery would be carried out with low overhead, since this equipment
is only an addition to an existing plant, and would involve little
additional labor. Units of this size could be easily designed, but
here also, some of the smaller shellfish processors may be hard
pressed to meet the cost. The larger producers, however, may find
this alternative attractive.

As a last resort, we could dispose of shells by a process which
does not make chitin, aad only extracts protein. In this procedure,
the shells would be ground and washed, and the adherent protein
would be removed from the wash water. The ground shells would then
be deproteinated in weak caustic, and the protein could be recovered
from this solution. The resultant solid product would then be a
mineralized chitin which could be safely dumped or added to fertilizer.
This is a minimum shell treatment facility and would probably cost
about $25,000 for a medium-sized shellfish processing plant.

CONCI USIGHS

These estimates sug,gest that e chitin-chitosaa industry is a
special situation. We do not have an established market ia the
U. S. If a chemical company were to start a plant it would be
faced with the uncertainties in the availability of raw materials
as well as the uncertainties in the marketplace. The size of the
potential market and the returns are too small to warrant a major
risk.

On the other hand, if the shellfish processing industry is
forced to find another method of shell disposal, a chitosan, or at
least a chitin plant may become a feasible alternative. These
plants will need a subsidy to survive. If aa integrated chitosan
plant is built, the cost is high, but there is some hope that it
will eventually be profitable. If disposal is the only hope, then
either a regional chitin plant, or small unit plaats can be buil.t.
These convert noxious wasres into acceptable wastes and the costs
will then appear in the price of the primary shellfish product.

In closing, we should describe the Japanese special situation,
which is apparently successful. Cbitosan is produced by a company
which is a !oint venture of a large chemical compaay and a large
fishing company. That combination does not seem to exist here.
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SEAFOOD WASTE REGULATIONS IN THE 1980's

EPA'S REGULATORY ACTIVITIES AFFECTING
THE SEAFOOD PROCESSING INDUSTRY

William H. Cloward
Chief, Permitting Section

U. S. Environmental Protection Agency
Atlanta, Georgia 30365

EPA is currently consolidating  or will be consolidating
within the next year! the operation of four federal environmental
permit programs. These programs are National Pollutant Discharge
Elimination System  NPDES! permits fox discharging pollutants
through a point source to waters of the U. S., Resource Conser-
vation and Recovery Act  RCRA! permits for treatment, storage. and
disposal of hazardous wastes, Underground Infection Control  VIC!
permits for disposals of waste waters to subsurface aquifers,
and the Air New Source Review permit program-

It is expected that only the NPDES permit program will have
any great effect on seafood processing operations. VIC will
probably have no effect. RCRA harardous waste will only have an
impact if hazardous chemicals are used to facilitate treatment
of seafood wastes and end up in a txeatment sludge. The Air New
Source Review would probably only impact new or expanded fish
meal facilities.

Facilities requiring NPDES permits have been  or will be!
required to meet the following technology based effluent guide-
lines or standards:

�! B Jul 1 1977

o Best practicable control technology currently
available  BPT! for all pollutants.

�! B Jul 1 1984

o Best conventional technology  BCT! for conventional
pollutants  BOD, TSS, pH, oil, and grease, and
fecal coliform bacteria!.

o Best Available Technology Economically Achievable
for all 129 pollutants listed as hazardous or
toxic in the Clean Water Act.

o BAT for all pollutants not considered conventional
or hazardous and toxic.
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�! o All New Sources must meet the New Source Performance
Standard  NSPS!.

In addition to meeting these guidelines/standards, all facilities
discharging into streams  or segments of streams! where approved
State/Federal Water gua1ity Standards  WqS! are not being met
must provide enough additional treatment to meet the WQS.

Seafood processing NPDBS permits in Florida are being issued
by EPA. Permits in the other coastal states in Region 4  Alabama,
Mississippi, Georgia, South Carolina and North Carolina! are being,
issued by the states under KPA review. Permit processing steps
in Florida are as follows:

 I! Prepare draft permit conditions.

�! Send conditions with a request for certification
to the state for review and comment.

�! Send conditions to the applicant for review and comaent.

�! Issue public notice of draft permit.

�! If required, hold a public hearing.

�! After reviewing all cossaents, issue or deny permit.

Once issued, a permit requires the applicant to perform seLf
maitoring activities and to report the results of the activities
on Discharge Monitoring Reports  DMR's! to EPA  or t' he state! at
periodic intervals. KPA or the state will make compLiance in-
spections at intervals. Any permit violations found in DMR's or
in during inspections are subject to enforcement action. Such
action may vary in stages from a Notice of Violation letter
asking for remediaL action up to a referral to the U. S. Attorney
recosssending that criminaL charges be preferred against the
permittee.
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"CAUTION": EPA CONTRACTOR AT WORK

David B. Ertz, P.E.
Edward C. Jordan Co., Inc.

P.O. Box 7050, Downtown Station
Portland, Maine 04112

INTRODUCTION

In 1975 vhen the Jordan Company initiated its work for EPA's Ef-
fluent Guidelines Division, cries of "Caution: EPA Contractor at
Work" resounded throughout the seafood industry. From the outset,
seafood industry representatives assumed a cautious posture when
dealing with EPA's "nev" technical contractor. Afterall, amended
regulations for the catfish, crab, shrimp, and tuna segments
 Phase I!, and interim final regulations for the remsaining segments
 Phase II!, vere just published on January 30, 1975. The passage
of these regulations meant that processors, with the exception of
the small manual industry segments, would be required to install
either dissolved air flotation  DAF! or biological treatment
systems in 1983, technologies with which most processors were
unfamiliar and, for the most part, did not understand. These
technologies vere identified by KPA with the help of a technical
contractor so vhy vould the conclusions from a new study be any
different7

Through its persistence and by working vith the appropriate trade
organizations, the Jordan Company overcame this obstacle. The fact
that alternatives to biological treatment and additional informa-
tion relative to DAF vere being sought also helped to gain the
cooperation of much of the industry.

The Jordan Company's study vas initiated to fulfill the requiresLent
that portion of the Clean Water Act which calls for a review of

existing effluent limitations vithin five years of promulgation.
Although the phase I regulations were just finalized and phase II
guidelines were avaiting publication when the technical study vas
initiated, KPA felt additional data on vaste control technology had
become avai.lable since the two original development documents were
published. Consequently, RPA hired the Jordan Company to evaluate
the implications of these recent advances. This premise was based
on the implementation of the National Pollutant Discharge Elimina-
tion System  NPDES! and an apparent increased awareness on the part
of processing facilities regarding water use and waste management
practices. The seafood processing industry was now aware of KpA's
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intentions to regulate pollutant discharges from operations, and
the NPDES program provided the means f or regulatory agencies to
impose restrictions on plants' discharges for the sake of improving
the quality of receiving waters.

KPA was also concerned about the applicability of biological. treat-
ment, which is space-intensive and served as the basis for guide-
lines promulgated for a significant portion of the industry-
Originally, land availability for the installation of such systems
was not considered a significant obstacl.e for those segments re-
quiring biological treatment.

Since becoming, involved in the study in October 1975, Jordan Com-
pany's efforts have been modified on several occasions as a result
of regulatory changes and the expression of industry concerns
regarding the focus of the study. The most significant regulatory
change, of course, was the enactment of the Clean Water Act of 1977
 Public Law 95-217!, which established Best Conventional Pollutant
Control Technology  BCT! for control of conventional pollutants.
Conventional pollutants are BOD , total suspended solids, fecal
coliform, pH, and oil and grease. BCT replaced Best Available
Treatment Economically Achievable  BAT! as a means of controlling
conventional pollutants.

After more than four years of work and research, a technical report
�!, known as the BCT report, was produced. In the early part of
1980, the report was distributed to industry representatives and
other interested parties for cosssent.

The purpose of this paper is twofold. first, outline the role of a
technical contractor in the development of effluent guidelines by
KPA and, second, provide insight into the technical assessments
made while preparing the BCT report. This presentation is not
designed to duplicate material in the BCT report, but, instead, to
supplement it. Nost of you are already aware of the recomenda-
tions and their accompanying implications. Though some mention of
the technical assessments is necessary, the assessments themselves
&re not the crucial issue here. What is important is understanding
the "how and why" of the decision-making process, in addition to
understanding the constraints under which the technical assessments
had to be made. Once you do, you may come to feel, as we do at the
Jordan Company, that these assessments are not only tenable, but
essential to KPA's mission of preserving our marine environment and
its inhabitants, which is mandated by the Clean Mater Act.

TECHNICAL CONTRACTOR'S ROLE

As a technical contractor to EPA's Effluent Guidelines Division,
the Jordan Company has assumed the responsibility for assembling
the technical groundwork from which EPA must formulate regulatory
options and make informed decisions regarding reasonable and
achievable effluent limitations Note, though, that the technical
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contractor is not responsible for recr~di~ f fl
1ng speci 1 c ef fluentliaitations for a particular industry nor is

thorized to consider the quality of th ~aters rec ivwa ers rece ving wastes inselecting applicable control technology

Ia the case of the seafood processing industry
was charged with reviewing all

tray ofdeveloping and pro~lgating the original effluent Mdeli s.
Based on this evaluation, a work pl.an vas fortsuiated to s~l

o supp eaentthis existing material and reassess the promulgation of BAT regu-
lations in light of the revised data base. Once the Clean Water

o f l977 vas adopted snd BAT guidelines vere withdrawn, the
Jordan Cotspany concentrated on helping RPA to establish SCT for the
industry.

Several sources of inforstation are tapped routittely by KPA tech-
nical contractors while they are conducting their data collection
prograa. These include:

l. literature  domestic and foreign!;

2. trade associations;

3. individual plants through:

a. distribution of questionnaires and

b. plant visits;

4. field sastpling prograe;

5. federal and state agencies;

6. EPA detsonstration grant prograa; and

7. academic institutions.

The Jordan Costpany did not have the luxury of distributing a ques"
tionnaire to seafood processing plants. KPA felt that the burden
of responding to a questionnaire vould be too great, especially for
small plants. Consequently, the Jordan Coapany relied on gathering
inforstation from the remaining sources.

Once the technical data base had been assestbled, the inforaation
analyzed, and several areas of interest to RPA were addressed.

~'or the seafood processing industry, the Jordan Cotspany  i! re-
viewed industry subcategorization,  ii! characterized the indus-
try's vastewaters,  iii! identified applicable technology including
in-plant controls and end-of-pipe treatment,  iv! assessed tech-
nology performance and variability,  v! evaluated residuals dispo-

options, and  vi! developed cost estimates for the selected
technologies.
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The results of these invest.igations culminated in the preparation
of a "contractor's report," in this case, the BCT report for the
seafood industry. Cost estimates for applicable control technology
were forwarded to the economic contractor  Devel.opment Planning and
Research Associates, Inc.!, who was charged with determining the
economic and financial ramifications throughout the industry should
effluent limitati.ons based on the selected technology s! be im-
posed. The economic contractor's assessment is weighted heavily in
SPA's rulemaking process.

TECHNICAL ASPECTS OF SKAFOOD PROCESSING STUDY

Nature of Indust

The seafood processing industry is an extremely diverse industry,
divided originally into 33 subcategories. A variety of raw mate-
rials are processed into an even greater number of final products.
With the exception of larger tuna and fish meal processing facil-
ities, the industry consists of many small, seasonal, family-owned
operations, most of which process intermittently depending on
weather and raw material supply. These facilities are scattered
throughout the United States, including Alaska, and its terri-
tories, American Samoa and Puerto Rico. For the most part, pro-
cessors are located in coastal regions where land is at a premium.
Traditionally, processors have discharged wastewaters into marine
waters with little or no treatment, but KPA has worked to change
these practices.

The adoption of Best Practicable Control Technology Currently
Available  BPT! regulations in. 1975 was the initial step by EPA
toward controlling concentrated wastes being discharged by the
industry. Although BAT guidelines were promulgated at the same
time, the Jordan Company's study was initiated in 1975 to reassess
BAT guidelines with a greater emphasis on the unique characteris-
tics of the industry, which were outlined above. The study was
directed toward collecting additional information pertinent to in-
plant modifications and end-of-pipe treatment technology. Emphasis
was to be placed on primary treatment alternatives, including
sedimentation and air flotation. An effort. was also made to identi-
fy facilities whose treatment systems performed consistently well.

Because shorter retention times are required, primary physical-
chemical treatment is less space-intensive than biological treat-
ment alternatives. It is also more conducive to the intermittent
processing schedules characteristic of most processors since it
does not rely on biomass, which requires an acclimation period.
However, primary physical-chemical technology is less efficient
than biological treatment. Information regarding the adoption of
in-plant measures to conserve water and reduce waste loads was also
sought because these are a cost-effective approach to pollution
abatement.
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Because the seafood processing industry generates wastes that
contain proteins, the handliag and disposal of treatment residues
also mer ited cons iderable at tention !aformation regarding by-
product manufacturing systems aad their potential, in terms of Pood
and Drug Administration  FDA! requirements, was sought. This
effort was necessary to determiae the utility of solids which were
eliminated from receiving waters aad awaiting disposal.

During the course of the study, the 2OO-mile limit was adopted.
This had a profound effect on the industry as it allowed for the
processing of new marine species and spurred a trend toward mech-
anization to accosmodate increased catches. Both of these areas
were of interest to EPA ia setting national effluent standards.

Data Gatherin Pro ram

For the most part, data used in developing the original guidelines
had been assembled during field sampling efforts sponsored by EPA.
Because the industry provided little or no treatment and therefore
did aot maintain ceatral wastewater collection systems, obtaining
representative samples was difficult. Often, individual unit
processes were sampled aad the results cosputed mathematically in
lieu of collecting composite samples of a plant's total effluent to
determine daily flows and waste l.oads. The data base was by no
means extensive.

With the intention of determining the effectiveness of primary
treatment technology, the Jordan Company set out in May 1976 to
evaluate the performance of the DAP systems operated by the Termi-
nal island  California! tuna processors. Over the next three
years, the field sampling program continued with each effort sche-
duled according to the processing season of interest.

As the program progressed, emphasis shifted from evaluating treat-
ment performance to characterizing the raw waste loads  after
screening! of specific subcategories. This transition. was neces-

since EPA-funded projects' industrial self-monitoring pro-
grams, and NPDES monitoring reports did not provide the information
originally thought to be available. The occurrence of multi-
product processing aad maj or deficiencies in data collection under
the NPDRS program precluded the calculation of daily mass emission
rates  kg of pollutant per kkg of raw material processed!, To
calculate the desired emission rates, the analytical. results of a
representative sample, total daily flow, and production are re-
quired. Unfortunately, in many cases, sample collection and ana-
lysis were inconsistent with approved methods. For exaarple, a
plant may have taken a one-time grab sample at some time during a
12-hour processing day for analysis and subsequent reporting to the
regni t agency. Since aa instantaneous sample was taken, thea Qry

dresults do no t adequa te ly characterize the was tewa ter generate
during the entire 12-hour period and disregard the clean-up period
which follows the termination of processing.
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Table l outlines the sources of additional data which were employed
to supplement KPA's historical data base.

TABLE I

IDKHTIFIKD SOURCES OF ADDITIONAL DATA

Source Subcate o No. of Plants

Field Investigations
Funded by KPA

Dungeness and Tanner Crab
Northera Shrimp
Breaded Shrimp
Tuna

Mechanized Salmon

Coaventioaal Bottom Fish
Mechanized Clam

Steamed and Canned Oyster

Industrial Sources Tuna

Herring Fillet

Once the data base had beea supplemented with more recent informa-
tion, a methodology was sought to evaluate the data for each sub
category in a coasisteat manner. Ia addition, each plaat rep«
seated by data ia a particular subcategory had to be given equal
weight, regardless of the number of data points. This approach
provided a means of giving small plants, which tend to collect less
data, parity with large plants ia the assessment of each subcate-
gory.

With subcategory averages established for raw waste loads .
tion was then focussed on assessing how to better control wate««
and waste discharges through ia-plant measures. Siace comp«h
sive in-plant waste management programs were lacking throughout the
industry, an alternative to percent reductions employed
original study was necessary. Another objective of this effort wa
to provide iacentives for all plants to implement such measu«s.
Consequently, the concept of establishing baseline waste Loads «
each subcategory was born.

Baseline waste loads are simply "achievable" goals for plants to
direct their efforts in minimizing, water use and the wastes

Since the demonstration projects funded by EPA after the promulga-
tioa of regulations for the seafood processing iadustry were
directed toward the evaluation o f waste control techao logy, useful
raw waste data, iacluding daily production f igures, were not col-
lected. Ia some instances however, the limited data from these
projects could be compared with the established data base to fur
ther substantiate the subcategory mass emissioa rates.



ing the plant sewer. For each subcategory at le~ a east one plant wasmeeting the baseline levels for all significantscan parameters: flow,to tal suspended solids, oil and grease and for tor wo subcategories,
BOY Three subca tego r i es {Alaskan halibut Alaska

5 sea I j op ! did not, have suf f icient information t t bl hin ormation to establish
baseline values.

Technolo Assessment

As mentioned Previously, during the techno]ogy asses~nt
was placed on identifying and evaluating vaste control t h olo
indicative of the indust,ry's nature; i.e., technology requir'
minimal space and capable of functioning under intermittent pro-
cessing schedules. Controlling waste at its source was also deemed
a desirable method for reducing waste loads in the seafood proces-
sing industry.

Nost seafood processors had installed screens to comply vith the
BPT regulations, which became effective on July l, 1977. Rela-
tively few plants had adopted vater and waste management practices
to reduce waste loads requiring end-of"pipe treatment. The tuna
canners and fish meal plants, which are atypical of the industry,
had progressed significantly along these lines. However, indivi-
dual plants in other industry segments were pioneers in adopting
such practices . In most instances, the concepts are quite simple
and may only involve isolating and collecting gross solids at
butchering tables to prevent them from entering the plant's sever.
Considerable time and effort vere expended to develop these con-
cepts for each industry segment. For each subcategory, the mea-
sures are specified as a guide to plants in helping them achieve
the baseline waste loads alluded to previously. It is not expected
that these recossaendations be adhered to rigidly.

In-plant measures provide an incremental level of control beyond
screening and yield several benefits. Benefits
lized from implementing in-plant measures include decreased end-of-
p1pe treat nt or reduced user charges for POTMS, decreased waste
loads, and improved raw material utilization. Additionally, sale-
able secondary products and by-products can generate reven«s. »
savings can be realized from reduced process water use.

In developin the original guidelines, informat ontion was collected

pilot-plant studies and. tvo full-sca y- cale 9AF s stems to

the effectiveness of this physical-c-chemical technology.

full-scale system, which provided the largr est amount of data,

s a demonstration unit in Canada.

rocessors had installed DAFse « BPT requirements, most. tuna processovere o crating them duringms to treat process wastewaters and ver p 1l monitoring data col ec-e Jordan Company's study, Consequently,itted to the Jordan Company repre-y the tuna canners and submitte o 1 bl f evalu-
' «ed the best. and most extensive informsrmation availa e or e

reatment performance.
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DAF is not a new technology. It has been around for more thaa 20
years and is employed by numerous food processors in the United
States. Xn addition, seafood processors in foreign countries such
as Japan and Sweden use DAF to treat their wastes. Their experi-
ence over several years also provided some insight into the capa-
bilities of DAF to treat the industry's wastewaters. Ia contrast,
the operation of the Caaadian demonstration unit had deteriorated,
as the processing plant was not required to employ DAF to meet its
discharge requirements. The data acquired for this unit clearly
reflected this attitude.

A demonstration study of the full-scale application of DAF for
shrimp aad oyster processing wastewaters was undertaken in 1916
�!. Although more performance data was generated for shrimp, this
study provided sufficient information to judge the capabilities of
DAF to treat both types of wastes.

National Marine Fisheries Service  NMFS! conducted a pilot-scale
study of a modified air flotation system in treating various types
of wastes, including those generated by the processing of shrimp,
taaa, salmon, aad bottom fish. Unfortunately, the data provided
was not docvmeated sufficieatly and had little utility in determin-
ing specific performance levels. However, the limited information
collected did indicate that the system has the capability to ef-
fectively treat a variety of seafood processing wastewaters.

Although sedimentation is not coaducive to treating most seafood
processing wastewaters, it was found to be effective in treating
iaitial washwaters from clam and oyster processors. These wash-
waters contain grit and sediment which have high settling, rates.
Two processors are known to have this technology ia place.

Because BPT requires catfish processors only to screen, a processor
having aerated lagoon treatment could not be located. However,
several plants were found to discharge process wastewater into
aerobic lagoons or impoundments. This segment of the industry,
having mostly inland operations, does not face the land constraints
which the remainder of the seafood processing industry does'
Therefore, biological treatment was believed to be aa applicabl.e
technology for this industry segment.

lith the exception of size, processing operations in Alaska were
found to be not only similar to those located in the Pacific North-
west, but also to have similar wastewater characteristics. Fur-
ther, the same control and treatment technology applicable to west
coast plants would be applicable to those in Alaska. Other signi-
ficant factors, however, played an important role in identifying
applicable technologies for Alaskan facilities. Geographical
location, shorter processing seasons, and the higher cost of coa-
structing waste treatment facilities were found to warrant serious
consideration in identifying BCT for these plants. These factors,
coupled with the limited residuals disposal options available to
most plants, were felt to preclude the feasibility of adopting any
end-of-pipe treatment beyond screening.
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Because processing plants are generally located in coastal areas
and therefore discharge into marine waters, few plants are situated
in water quality limited areas where state or regional authorities
may require treatment beyond screening. Consequently, information
relative to treatment technology, which became available since the
original study for the seafood processing industry, was limited to
that generated by government-funded studies and monitoring, data
provided by tuna canners and a herring fillet plant. As a result,
Use of data from pilot-plant investigations and the transfer of
technology from one subcategory to another was necessary in some
instances to meet the study's objectives. Great care was taken in
evaluating waste characteristics in light of technology performance
levels prior ta concluding that technology transfer was appropriate
for individual subcategories. A summaxy of the technology assess-
ment is presented in Table 2.

As can be seen from Table 2, BCT as suggested is either equal to or
less stringent than the original BAT. With the exception of the
catfish processing segment, recommended BCT is composed of primary
physical-chemical technologies which are conducive to treating the
industry's wastewatere. Further, the objective of examining addi-
tional end-of-pipe treatment for those plants having relatively
large operations and employing a high degree of mechanization was
met. These plants use more water and generate mare wastes. There-
fore, the implementation of additional treatment will bring about
greater effluent reduction benefits.

Residuals Dis asal

From the implementation of nearly all waste management systems,
solid waste residues result. This is true for the seafood proces-
sing industry regardless of whether it involves the implementation
of in-plant controls or end-of-pipe treatment. The utilization or
disposal of seafood residues has become a significant issue, and
has great bearing on the selection af an applicable waste control
technology. Without a feasible means af disposing af treatment
residues, industry-wide application of any technology generating
vast amounts of salids would be difficult to support,

In conducting its study, the Jordan Company, with support. from KPA,
expended considerable effort in investigating the utilization and
disposal of solid wastes. The Jordan Company recognized the need
ta consider geographical factors, as well as waste characteristics.

The general utilizatian and disposal alternatives for the seafaod
industry were identified as follows: secondary praduct and by-
product manufacturing, land application, landfilling, and barging.
For Alaska, options were limited ta secondary product and by-
praduct. manufacturing, and barging.

For the manufacturing of secondary products and by-products, waste
materials fram finfish and shellfish operations required separate
consideration. Nany of the secondary products and by-praducts
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For the purpose of addressing utilization and disposal optionsfresiduals can be categorized as follows: gross solids, screened
solids, aad sludge. A summary of optioas available for each category
is presented in Table 3. It is interesting to note that as wastes
progress through the waste management scheme, optioas for ultimate
disposal decrease, which suggests that the greatest benefits are to
be realized by recovering solids from the waste stream at the
earliest opportunity.

TABLE 3

UTILIZATION/DISPOSAL METHODS

Cate o Nethod

Gross Solids  viscera, shells, scraps! SP, BP, LA, L, B

Screened Solids

Sludge

BP, LA, L, B

LA, L

LA = Land applicatioa
L = Landfill

SP = Se conda ry p rod uc ts
BP = By-products

B = Bargiag

Heal production> usiag both finfish and crustacean  shrimp aad crab!
wastes, was found to be a cossson practice for haadliag processing
wastes. Producing meal from fiafish wastes was generally viable ia
the coatiguous United States Besides fish meal and oil, solubles
are sometimes produced from finfish wastes. Each of these generate
revenues for the meal facility-

For the most part, meal facilities handling only crustacean wastes
are aot prof itable and simply serve as a disposal site for the
processors. In maay instances, hauling wastes to a meal plant
represents the most. convenient manner available to the processors.
The' processing facilities frequently subsidize the meal plant to
insure its viability as a disposal site- Recently, air pollution
restrictioas and eaergy requirements have cast. a shadow over the
future of such facilities
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noted were outgrowths of research activities. However, several
approaches were identified which have beea implemented on a full or
pilot- scale . Examp I e s iaclude sa laoa roe, deboaed f i ah flesh,
fabricated shrimp produc'ts, petfood, meal products, fish oil, aad
chitin/chitosan. To implement some of these concepts, it is essen-
tial that the waste material be isoIated at its source and not
allowed to come ia contact with the floor. The separation of gross
solids at the earliest opportunity is also desirable from a pollution
coatrol standpoiat.



In some areas, processors have disposed of gross and screened solids
by other means. Land application has been a solution to the problem
for some west coast crab and shrimp processors. In Oregon,
consideration was being given to setting up a local cooperative to
sell the waste materials to local farmers for soil amendment.
Landfilling, a less desirable alternative, has also been adopted by
some processors. As the options for the disposal of crustacean
wastes become fewer, chitin/chitosan manufacturing has received
increased attention. Several organizations within the United States
have explored the potential of full-scale production of
chitin/chitosan. from shellfish wastes, but no facilities have as yet
been built. Though chitin/chitosan production may be feasible
sometime later, it will not be a viable solution to the problem of
shellfish waste disposal in the near future.

Sludge from chemically-assisted DAF systems may be converted into
animal food and, if the product meets with FDA's standards, this
option may be helpful in eliminating some of the excessive waste
material generated by seafood processors. FDA must approve the
product on. a case-by-case basis and such approval has not been
granted to a seafood processor, but it should be noted that no
seafood. processor has ever applied to FDA for such approval. If
chemical coagulants are selected carefully and the required testing
yields positive results, FDA could approve the manufacture of a by-
product from DAF sludge in the near future.

The adoption of Public Law 94-580, the Resource Conservation and
Recovery Act  RCRA!, will not only control the land application of
s1udges but also their landfilling. RCRA, enacted in 1976, also
requires that sludges be dewatered prior to landfilling. Tuna
canners have the most experience in dewatering DAF sludges. Cen-
trifugation was initially adopted by the canners with results
varying from plant to plant. However, one canner was successful in
employing this dewatering technology to approach 35 percent solids.
Recently, another canner installed a belt filter, which offers some
operational advantages while forming a cake similar in solids
content to ones formed by centrifugation. Two proven alternatives
therefore are available to dewater the sludge generated while
operating DAF systems. Although they have been empl.oyed exclusively
within the tuna processing segment, they should be adaptable to other
industry segments once the system is optimized to suit the needs of a
particular facility.

In Alaska, disposal options for solid wastes greatly influence the
selection of treatment technology. Essentially, barging and by-
product manufacturing are the only two viable options. As a result
of geographical and economic considerations, remote plants will
probably continue to grind and discharge under BCT, while non-remote
plants are capable of implementing in-plant controls in addition to
screening. In areas that have meal plants, processors can have their
wastes hauled to these facilities rather than barge.
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The role of an KPA technical contractor is to assemble information
so that EPA may either develop, verify or update effluent guide-
Lines for an industry. In this capacity, the Jordan Company has
been involved for aljaost five years with the seafood processing
industry, during which time the emphasis of the study has changed
with Congressional actions and the evolution of political issues.
Although the Jordan Company is an agent pf EPA, it also has the
responsibility of making sound and reasonable engineering decisions
based on the available data. The Jordan Company has fulfilled this
responsibility as evidenced by the 8CT report.

As noted in this paper, the data base for characterizing the indus-
try's wastewaters and assessing technology performance is not
extens ive. Moreover, the inf o rmation whi ch f o rmul ates the data
base was, for the most part, generated by EPA technical contrac-
tors. With the exception of the tuna processing segment, very
little useful data have been generated by the industry.

In conducting field sampling efforts, the Jordan Company, in coop-
eration with EPA, established priorities in view of the budgetary
constraints set forth by EPA. Every effort was made to optimize
the sampling efforts to address the areas requiring information,
although changing policies and industry's petitions made this
difficult.

With the issue of beneficial effects of seafood waste discharges
aside, attention was focussed on selecting technologies which are
conducive to the industry's nature. Noreover, the recosssendations
for end-of-pipe treatment focussed on large, mechanized plants
which generate larger volumes of wastewater and significantly
higher waste loads than small plants employing manual operations.
The Jordan Company felt that the effluent reduction benefits asso-
ciated with ijsplementing additional end-of-pipe technology would be
greatest for those plants with the higher waste loads . In selec-
ting primary physical-chemical  DAF! treatment for the appropriate
subcategories, Alaskan segments warranted special consideration
based on the inherent geographical and economic factors which were
established during the original guidelines study- Of these, land
availability was a prijaary consideration.

Secondary product and by-product manufacturing are waste utiliza-
tion alternatives coueon to plants both in the contiguous United
States and Alaska. Seafood processing plants in the contiguous
United States, however, have more solid waste disposal options than
those in Alaska. Suitable means of dewatering 9%' sludge aud
disposing of it are available et present. But, with treatment
technology in-place and more rigorous restrictions on the disposal
of residuals such as OAF sludge forthcomingi the industry must look
more closely at ways to optimize the values of the wastes which
have been eliminated from our nation's water~.
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ECONOMIC IMPACT ANALYSIS FOR PROPOSED LINITATIQNS
GUIDELINES FOR SEAFOOD PROCESSORS

Arthur H- Berman
Office of Analysis and Evaluation

U.S. Environmental Protection Agency

Introduction

This paper describes the genesis, methodology, and results of the
Environmental Protection Agency's  EPA' s! preliminary economic im-
pact analysis for soon-to-be proposed BCT limitations guidelines
for seafood processors. As a background to this discussion, a
brief history of EPA's regulation of the seafood processing indus-
try will be presented. This section will be followed by a general
description of the role of econaaic impact analysis in EPA's rule-
making process- Finally, the economic impact analysis will be
described in detail.

Back round on Re ulation

Eff'1uent limitations guidelines for the canned and preserved seafood
processing industry were originally praaulgated as mandated by
the Federal Hater pollution Control Act Amen@vents of 1972. This
legislation requi red that limitations based on Best Practicable
Technology  BPT! be met by manufacturers no later than Ju'}y 1, 1977.
The Act also established the requirement that effluent limitations
~ased on Best Available Technology  BAT! be met by no later than
July > ~ 19B3- EPA promulgated these regulations for the seafood
processing industry in 1974 and 1975.

The Clean Hater Act of 1977 established a new category of guidelines,
«st Conventiona'1 Pollutant Control Technology  BCT!. Achievement
f BCT guidelines is required by no later than July I, 1984. These

guidelines must be no more stingent than BAT regulations and no
1«s stringent than BPT.

» August, 1979, the BAT regu]ations were withdrawn for the seafood
processing industry. The econmaic study is being done to contribute
to EPA's rulemaking for proposed BCT regulations on seafood processors.



Role of Economic Anal sis at EPA

The role of this economic analysis in the rulemaking process is to
predict the econanic impacts of a given range of treatment techno-
logy alternatives for the seafood processing industry. The treat-
ment alternatives and their related costs are developed by the
Agency's engineering staff. The economic analysis provides the
Agency the information to determine whether or not the technology on
which BCT is based is economically achievable. If not, some less
stringent level is selected.

After this internal Agency decision-making, a formal proposal is made
available for public review and ceaaent. All public contents re-
ceived are reviewed and the Agency's supporting analyses are modified
where necessary. Following this review and revision. the regulation
is promulgated.

The development of BCT guidelines for the seafood processing indus-
try is at a fairly early stage in this process. A first draft of
the economic impact report has been received and is presently under-
going Agency and industry review. It will, no doubt, undergo con-
siderable revision before it is in a final form that is acceptable
to the Agency for rulemaking purposes.

At this point, I would like to focus on its methodology and results.

Econonic Im act Anal sis

Subcate orization and Financial Data

The first task that is required for an economic impact analysis is
a comprehensive examination and characterization of the seafood
processing industry. Seafood processing poses problems in this
task due to the large variations in product type, process type,
plant size, and plant locations. Oearly, a valid industry profile
requires disaggregation of industry data by some logica'1 means-

The industry was divided into subcategories I according to the follow-
ing criteria : I! type of raw material used; 2! type of manufact-2:
uring processes; 3! plant locations, with special emphasis on Alaskan
processors; 4! wastewater characteristics; and 5! plant size as
measured by annual sales. These subdivisions are necessary to construct
hmnogeneous groups of pl ants for which to analyze the economic effects ~
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lith the industry broken down in this manner, EPA was able to con-
struct an economic profile of seafood processors based on speciali-
zation of production rates, geographical/camnunity importance of
certain subcategories. size distribution of subcategory p1ants
in terms of annual sales. ownership patterns, employment patterns,
industry imports and exports, varying subcategory price structures,
and supply and demand characteristics for each subcategory.

Model Plant Nethodolo

A "model plant" was constructed for each size segment of each sub-
category  assuming the availability of sufficient financial data!.
The model plant represents the synthesi s of operating and financial
data of a relatively hanogeneous group of plants into one "typical"
plant for that group. This model plant was then tested for economic
viability after the imposition of estimated pollution treatment con-
trol costs.

Economic viability was tested by employing a discounted cash flow/
net present value  NPV! analysis. That is, annual cash flows were
projected for each model plant for several years. These cash flows
were then combined with the cash outflows that resulted from the
i~position of pollution treatment control. Cash outf1ovs are in the
form of expenses related to the initial investment in pollution con-
tro1 equipment and the annual operating and maintenance costs associ-
ated with this equipment. Included in this model are assumptions on
certain financial parameters such as the inflation rate, the cost of
capital, interest rates, and so forth.

The combined cash inflovs and cash outflows for the Period of the
study are the model plant' s net present value. This figure was then
compared to the present salvage value of the p1ant. Salvage value
is defined as tota'1 fixed assets plus net working capita1. If the net
present value was greater than the salvage value, the plant was pre-
dicted to be a viable, ongoing operation. If, on the other hand, the
net present value was less than the salvage value, a plana lant closure was

predicted.

Rat this met'hodo'logy does. in effect, is to compare tvo alternatives
- whether it would be more profitable for a plant to c p y
regulations and stay in business, or to cease operatrations and sell its

sets' If it was determined that the 1atter is the case, then a
closure was predicted.

A negative overall plant value does not mean than that all plants in that



segment will close. This is a ~ke point. For example, if a model
plant that represents a segment of thirty actual plants was pre-
dicted to close, a determination of specific plant closures was
made.

This was based on an evaluation of many factors: I! a review
of the data in order to establish a distribution of financial
profiles of existing facilities; 2! the degree to which some
facilities have treatment in place; 3! the magnitude of the
net present value for the model plant; 4! the number of plants
represented by the model; and 5! the ability to pass through price
changes. On the basis of a revie~ of these factors, it was deter-
mined that a specific number of plants was projected for closure.
production loss and employment loss for those segments were then
predicted on the basis of the number of closures.

Results

The results. suxmIarized in the Appendix, are highlighted as follows:

o total p'lants in sample = 1307 {although there are more than
this in the industry!

o projected plant closures - 69  or 5.3$ of plants in sample!

o projected employment loss - 3397  or 6.IX of employees in sample!

o subcategories with employment loss of 100 or more:

shrimp  northern non-breaded, southern non-breaded, breaded!
canned clams
Alaskan salmon
mchanized bottom fish
herring
fish meal, without solubles

The shrimp processors are projected to be hit particularly hard,
with about 6 C of all predicted employment losses and 54K of al I
predicted plant closures occurring in this classification Of the
199 plants that were explicitly grouped Alaskan subcategories,
there were 3  or 1.5% of Alaskan plants! projected closures. All
of the projected Alaskan closures were for salmon processing plants.
Other detailed effects are presented in the report itself.
There are a couple of caveats one must bear in mind when evaluating
the results of this study. First, it is a first draft analysis that
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will experfence at least one or two potential]y substantfa] revisions
These revisions will be based on Agency and fndustry comaents concern
fng the report' s weaknesses. The results, therefore, shouid by
means be interpr eted as being conclusive evidence of the fmpacts of
proposed SCT guidelines on the industry. Rather, this report
a reasonable ff rst draft that gfves the Agency and the fndustry a
general indication of potential economic impacts.

Second, before pronulgating BCT regulations, the econaafc impacts
of these regulations will be well known to Agency management. If
the impacts are judged to be unreasonably severe for some subcate-
gorfes, the regulations will be established in such a way as to
mftigate the potentially harmful fndustry impacts.

The draft econoafc impact report on proposed BCT limitations guide-
lines clearly i ndfcates that certain subcategories of the industry
will be affected. Naturally this fs the cause of legitimate concern
for the industry. However, it is too early yet to "push the panic
button". Several problems with the draft report have to be eradi-
cated, and this process may or may not change the results of the
impact study. Also, EPA is keenly aware of the concerns of the
industry due to the probable imposition of pollution treatment
costs. Be assured that economic impacts will be carefully consider-
ed before any regulations are proposed-
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OVERALL 1%'ACTS FOR EACH OF THE SUBCATEGORIES
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Tag UNKNCgNS OF SEAFOOD WASTE TREATMENT-

COSTS, BKNKFITS AND CONGRESSIONAL INTENT

David M. Dressel

Regulations Coordinator
Fisheries Development Division

National Marine Fisheries Service
Washington, D. C. 20235

INTRODUCTION

"The Uaited States has discovered a new disease called
"regulatioa." It is as prevaleat es athlete's foot in a locker
room." So begins a discussion of the problem of Government
encroachment on U. S. business in Murray L. Weidenbaum's book,
The Future of Business Re ulation.

Every day each of us is affected by Government regulatioa of
busiaess, from the type of gasoline we put in our cars to the
iagredients of the toothpaste we use. According to Mr. Weidenbaum,
this excessive regulatioa which is often the result of good
iatentions oa the part of well-meaning citizens, can have a
negative impact oa the basic functioning of the private enterprise
system � to the detriment of the public.

The pervasiveness of Government regulations is relatively new.
Prior to 1946, regulations were designed to run Federal agencies.
In 1918, there were only two Federal regulations governing the
private sector. These dealt with service ia the Armed Forces aad
income tax. The decade of the 1980's finds the public aad industry
amidst a proliferation of regulatious. New decrees from Federal'
State, aad local governments regulate nearly every aspect of our
lives, aad serve as a blueprint for the structure aad behavi« «
our world.

The implementation of regulations always involve "costs
ac eving their proposed benefits. These costs or adverse impacts
are commonly grouped into direct aad iadirect costs.

Direct costs to business include operational expenses a«
associated capital investments; contractual services of lawy«s ~
accountants, and possibly monitoring technicians; and lastly, the
diversion of productive time to fulfill paperwork requireme«s.

Iadireirect costs to business iaclude quantifiable costs such
competitiveness with imports, and market distribution between 1
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and small businesses. There are also psychological costs
associated with regulations. The diversion of top management from
planning to "defensive management" to cope with regulations can be
significant. Feelings of Government harassment, fear, and anxiety
are common. Identifying and quantifying regulatory impacts is
indeed a di.fficult task.

REGULATIONS AND THE SEAFOOD PROCESSOR

As a group, seafood processors are beset with numerous
regulations. Of chief concern today is the formulation of seafood
waste disposal policies. The structure and function of the fishing
industry are important in projecting regulatory impacts. The
processor has little control over the availability and supply of
fishery resources for processing, rising fuel prices which inflate
the costs of raw materials and processing, and extensive
competition from large imports of fishery products. The industry
is facing an economic crisis which must be examined in projecting
potential impacts of new regulations.

The fishing industry in the United States is composed of
approximately 1,700 processing plants which employ approximately
60,000 workers. The processing sector is dominated by small
businesses, half of which have gross annual sales less than 200
thousand dollars. The 100 largest plants account for 70 percent of
the total sales. The industry is far from being homogeneous.
There are approximately L68,000 fishermen in the U. S. fleet landing
over 100 different species. Based on species, type of processing
employed, and geographical location, the Environmental Protection
Agency has subdivided the seafood processing industry into 39
categories for developing effluent limitations.

The problems of the seafood processor are many. Landings vary
with seasonal resource abundance, prices of raw materials are
escalating with dramatic increases in fuel costs. The ability of
the processors to raise prices to cover costs is strongly
influenced by product demand and the availability of imports which
account for nearly 2/3 of the seafood consumed in the United
States. There is little protection from imports. Since 1930,
there has been a steady decline in tariffs' The average tariff on
fishery products is only 1/2 that of agricultural imports. The
processor is caught in a price squeeze over which he has little
control. Amidst the present economic crisis, more regulations are
being formulated � each will have associated costs to the industry
and consumer. It is essential that the costs and benefits of

regulations are clearly understood before the industry is placed
under additional economic stress.

The mere mention of effluent guidelines evokes heated
response from many seafood processors. Often the underlying point
of concern is that effluent guideline rulemaking is not subject to
the customary cost/benefit analyses common to other regulations.
The costs of seafood waste treatment are not compared to
environmental benefits of improved water quality.
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The purpose of this paper is to �! trace the origin of
effluent guidelines, �! explore the cost/benefit relationship by
identifying some potential adverse economic impacts of seafood
waste treatment to industry stability and fisheries development,
�! to relate these potential adverse impacts to the unknown
benefits of environmental improvement, and �! to question the
intent of the Congress and its potential role in integrating
effluent guidelines into seafood ~sate disposal policies.

The Ori in of Seafood Waste Re ulations

Federal regulations commonly originated from laws enacted by
the Congress, from Federal agencies' directives developed under
statutory authority granted by the Congress, or from court orders.

The origin of water pollution control regulations is important
to the seafood processor in developing comment on the proposed
regulations and in seeking modification of existing regulations.

Xn 1972, the Congress amended the Pederal Water Pollution
Control Act  P. L. 92-500! and created a new approach to protecting
the Nation's water resources. Technology based effluent
limitations guidelines were created to supplement existing water
quality criteria, and a National Pollution Discharge Elimination
System  NPDES! was created to encompass alI. of the regulations in
granting a discharge permit.

A companion law, the Marine Protection, Research, and
Sanctuaries Act  P. L. 92-532!, was also enacted in 1972 to govern
the ocean di.sposal of wastes.

A clear understanding of the wording of these laws and
interpretations by the Congress and the courts is critical to
addressing regulations govern.ing the disposal of seafood processing
wastes.

The Federal Water Pollution Control Act Amendment of 1972  P. L. 92-500!

The major difference between P. L. 92-500 and earlier pollution
control legislation is that effLuent guidelines limitations are
technologicalLy and economically flexible and are not dependent on
existing environmental quality. The paramount assumption is that
effluents from the 28 processing categories chosen for effluent
guidelines are harmful to the environment and, that any reduction
will provide a benefit.

The law states that factors relating to the assessment of
"best practicable control technology currently available shall
include consideration of the total cost of application of
technology in relation to effluent reduction benefits to be
achieved from such appI.ications..."

The Legal interpretation of "benefits" for the purpose of
establishing effluent guidelines, based on Senate Public. Works
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Committee reviews, is the degree of reducing pollutants in the
effluent, not the benefits of such reductions to the environment.
This avoids having to define the effect of each pollutant on the
environment and makes treatment requirements more uniform.

This interpretation of benefits was upheld in the court case
Meyerhaeuser Company v. Castle, 590 F.Zd 1011  D. C. Cir 1978!. It
has been settled, that the "effluent reduction benefits" referenced
in Section 304 b! l! B! are not primarily water quality benefits.
Effluent reduction benefit is the reduction in the pounds of wastes
which are discharged into the water.

To the seafood processors this means that in theory, the
technology wi.ll be required. if it is economically available.
National effluent guidelines promote an overall upgrading of
effluent quality. They protect and preserve clean waters by
Preventing the discharge of untreated wastes even though the
receiving waters currently may assimilate these wastes effectively.
Effluent guidelines outline minimal treatment requirements. Their
effectiveness, and provisions for more stringent treatment, is
provided for by the use of the water quality cri.teria. The
granting of an NPDES permit considers both effluent guidelines and
water quality criteria.

The Marine Protection Research and Sanctuaries Act of 1972

P. L. 92-532 governing the ocean dumping of waste contains a
specific exemption allowing for the ocean dumping of untreated
organic fish processing wastes without a permit. This exemption
doesn't apply to the discharge of treated wastes such as sludge
residues from dissolved air flotation  DAF! systems which contain
chemical coagulants.

The Clean Water Act  P. L. 95-217!

P. L. 95-217, enacted by the Congress in 1977, modified earlier
Pollution control legislation and contains several provisions
pertinent to developing seafood waste discharge regulations.

The economic variance clause in Section 301 c! of P. L. 92 � 500
was deleted and replaced by a new cost reasonableness test. This
change means that 1984 effluent guidelines are not sub]ect to
modification on the basis of a processor demonstrating that the
limitations are beyond his economic capabili.ty. Seafood processors
and other dischargers of conventional pollutants are now excluded
from the economic variance consideration because Congress felt that
the 1977 requirements for best practicable control technology
currently available  BPT! were reasonable, and that "the best
conventional technology currently available  BCT! will not Prove
substantially more burdensome," Representative Roberts,
123 Con . Rec. H. 12, 928. The significance of this change is that
without exception all processors must meet the 1984 BCT limitations.
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In addition to concerns over potential costs of waste water
treatment, the Congress mandated in Section 74 of the Act
among other things, EPA conduct a study to determine tbe
environmental effects of seafood waste discharges on receiving
waters, and to define the costs aad potentials of byproduct recovery.

THE COST OF WASTE TREATMENT � THE UNKNOWNS

The 1977 treatmeat regulations requiring best practicable
technologies are now in effect and the 1984 regulations have been
withdrawa and are being revised. The rulemaking process requires
that EPA assess the technical aspects of seafood waste treatment
iacludiag waste characterization, and the availability of treatment
technologies, and associated costs. A separate analysis of the
financial stability of the industry and potential economic impacts
associated with various levels of treatment will thea be conducted.
These two studies will be the basis for promulgating new 1984
effluent limitations guidelines. A brief examination of the
technical and economic factors governing the operation of the
fishing industry is critical to identifying potential regulatory
impacts.

Technical As ects

The National Marine Fisheries Service  NMFS!, as part of its
continued effort to assist EPA in the formulation of workable
efflueat guidelines, critiqued the RPA coatract study entitled,
Effluent Limit tions Guidelines and New Source Performance Standards
for the Canned and Preserved Seafood Processin Point Source Cate o

The report, while a good review of the state-of-the-art of
seafood effluent treatment, is grossly inadequate in describing
existing conditions and problems in the indust.ry and in projecting
realistic expectatioas for waste treatment efficiencies. The
report is not the $-year updating of data and reevaluation of waste
treatment options that Congress mandated in Section 301 of the
Federal Water Pollution Control Act Amendments of 1972  P- L-

The National Marine Fisheries Service's concerns center on
five broad issues as follows:

I. the inadequate data on waste characterization and treat-
ment efficiencies;

2. inconsistent statistical treatment of data;
3. the recommendatioa of sophisticated technologies

tested situations;

4- failure to address present solid waste disposal problems
aad optimistic projections of byproduct development which
ignore fuel shortages and other economic realities;
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5. a lack of clarity in industry subcatego i tiu ategor zatioa, descrip-
tions of process employed in seafood pr ioo processing and
associated wastes. and how efflueat g id lia ii�e»imitations
will address multispecies processing

Aa integration of the above concerns leads NMFS to believe
the formulation of effluent guidelines which exce d inc excee screening

requirements will be highly speculative.

The contract study starts with a fragmentary data base which
cannot be statistically verified, applies limited normal
distributioa aaalyses, projects waste treatment efficiencies from
].imited pilot plant testing data, aad finally projects these
variables to processing subcategories where waste flows have not
been adequately defined nor has the recomaended DAF technology been
tested.

Economic As ects and Im acts on Fisheries Develo ment

The seafoods industry ia the United States has undergone
considerable change since 1973 when the Eaviroamental Protection
Agency conducted the first efflueat guidelines study. Significant
developments in Federal policy have greatly enlarged Federal
responsibility for the management of our Nation's fishery resources
and have created a promising climate for industry expansion.
Substantial growth, at least ia the harvestiag sector, has already
occurred, along with restructuring in the industry to ace~ate
the n.ew policies and a aew order of biological, economic, aad
regulatory conditions that were not present in l973.

In the policy area, the most profound chaages came about
through enactmeat of the Fishery Conservation aad Management Act

1976  FCHA!. This Act established sole U. S. jurisdiction over
fisheries within a zone extending out 200 miles from U. S. shores.
Under the Act, U. S. industry was given preferential access to fish
that in many cases were formerly heavily exploited by foreign
fleets to the detriment of the resources, the economic weU.-being
of U. S. fishermen, and the U. S. public at large.

Following enactment of FCNA, a aew olic aimed at full develo-
ment of our Nation's fisher resources was roclaimed. In Hay. 979,1979

the Administration announced a fisheries development policy initiative
"h«h would complement the management policy set forth ia FCMA.
he Administration's goal is to double our fisheries landings y b

90. which has the potential for creating more than 40,000 new
improving our balance of trade, aad providing an additional

balance of trade, aad providing an additional $2 billion ia new
oaal wealth. To meet this national goal, approximately $20

~lion ia expenditures, annually, through 1984, have yhave alread been

ppr»ed for fisheries research and development efforts.
icant coatributioas will also be made by other ageacies,

including the Economic Development Administration, and by the
p i a'te sector, to develop ports aad the infrastnfrastructure to support

~paaded fishing efforts.
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One of the principles approved by the President as part of
this policy is to improve the business environment by reviewing aLL
regulations which have an impact on the seafood industry,
particularly those segments which will be developed in the 1980<a
Effluent limitation guidelines and new source performance standards
which cannot be achieved without undue adverse production and
economic impacts wILL seriously jeopardize the national goal of
increased economic and nutritional benefits through fisheries
development. Regulatory impacts can also heighten the adverse
effects of the current economic recession.

Structural and eration Chan es

The U. S. fishing industry has undergone significant changes
in the past 4 years. HIghlights of these changes in the harvesting
and processing sector include:

A virtual explosion in vessel construction to an increased.
growth rate of more than 8 percent. Unfortunately this
increase has not been met with increased processing capac-
ities. The situation is acute in New England, Alaska,
and in the Pacific Northwest, and has resulted in sharp
price cuts to the detriment of the industry's financial
strength.

The FCNA and fluctuations in resource abundance have had
a significant impact on the species sought and location
of processing facilities. Species changes influence the
character and amounts of waste generated, and the economics
of waste treatment. Examples of production changes are
found in the Alaskan crab and shrimp industry, salmon
processing, and the development of underutilized species.

3. Escalating fuel. costs are severel.y affecting all phases of
the seafood industry. Harvesting is highly dependent on
diesel fuel and prices have increased from 33 cents per
gallon in 1974 to about $I.OO in May of 1980. Profits
have eroded as a result of increases in fuel and other
costs, and the financial stability of the industry has
been placed in jeopardy. The problem recentl has been
e ghtened by the general economic recession which has

y

curbed consumer demand and has contributed to a sharp
drop in fishery product prices. Vessels in many areas
cannot meet expenses and have been forced to tie up.
Some face bankruptcy or other forms of liquidation-
is estimated, for example, that between 800 and 1,000
shrimp vessels  about 20 percent of the fleet! may be
forced out of the fleet by the end of 1980. Processors
are also suffering losses, as inventories build up and
become increasingly expensive to finance.

Fuel costs are also felt by processors. The rendering of
solid shellfish waststes into crab and shrimp meal is fuel intensive
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Increased operating costs associated with fuel prices have made
shrimp and crab meal noncompetitive with soybean and other protein
byproducts. The blue crab industry on the east coast now faces a
severe solid waste disposal problem. Approximately 80 percent of
the live weight of crab leaves the plant as solid wastes and viable
disposal techniques are being sought.

The economic development document must address a host of
problems and changing conditions to assure that forthcoming
effluent guidelines and new source standards not place undue
economic burdens on seafood processors and inturn prevent the full
economic and improved nutritional benefits envisioned in the
Administration's fishery development policy initiative. There are
many unknowns to be projected in the upcoming rulemaking process.

Yet another unknown, which is not in the realm of effluent
guidelines, but which must be considered in developing seafood
waste disposal policies, is the benefit of seafood waste treatment
to local receiving waters.

THE BENEFITS OF WASTE TREATMENT � ANOTHER UNKNOWN

The Clean Water Act of 1977 mandated, among other things, that
the Environmental Protection Agency assess the environmental effects
of seafood discharges on local receiving waters.

The EPA report to the Congress has not been released, but
technica1. support studies were provided to the industry and NMFS
for comment. The general conclusion that can be drawn from the
support documents is that the effects of seafood waste discharges
are dependent on site specific conditions. Environmental
degradation can be documented in areas of inadequate tidal flushing
where organic loading is beyond the assimilative capacity of the
receiving waters. In these areas, organic loading depresses
dissolved oxygen levels causing local degradation. In areas of
adequate dispersion and tidal flushing no adverse effects were
noted. Some believe that seafood wastes are recycled and; hence,
beneficial, but this aspect hasn't been clearly documented.

The assumption that seafood waste discharges are harmful and
that any reduction will provide environmental benefits has been
challenged. Are environmental considerations now worthy of
consideration in cost/benefit analyses?

WEIGHING THE UNKNOWNS � CONGRESSIONAL INTENT

Congressional intent is the key to redefining seafood waste
disposal policies. It was the Congress, in 1972, that included
seafood processors in the list of 28 manufacturing and agricultural
processes to be governed by effluent guidelines.

The seafood industry was unsuccessful in lobbying to have
itself removed from effluent guidelines even though this industry
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the only one which can claim that its effluents originated
the marine environment and contain no toxicants. A concession was
granted, however, to allow for the ocean dumping of untreated
organic fish wastes without a permit. Are additional changes in
effluent guidelines now warranted. Any modification of effluent
guidelines criteria will require Congressional action and
legislative changes.

Compliance with new regulations always involves costs. Zn the
case of seafood effluent guidelines the costs have yet to be
adequately quantified. The industry and inturn the consumers bear
the ~late costs. Tn the long � term, the impacts may be broader,
the economy and public may not realize the full potentials of new
jobs, national wealth, and improved nutrition espoused in the
Administration' s fishery development policy initiative.

Water quality criteria must always be met before a NPDES
discharge permit is granted. Having this safeguard, can we afford
to implement additional waste treatment requirements having unknown
costs and with unknown benefits? The issue will most surely be
one of debate.
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INDUSTRY'S ROLE AT THE INTERFACE OF
REGULATORY PROMULGATION AND ACTION

Roy E. Martin
Director of Science and Techaology

National Fisheries Institute
Suite 700, 1 101 Connecticut Avenue, NW

Washington, DC 20036

Do we the processing industry have a role to play at the
delicate interface of regulatioa and action'? We must, or the loss
through in-action will be real. No one wants to see a plant or
business close, but enforcement of certain regulations that we
have addressed at this conference could force that conclusioa to

a reality. As reference, I cite Development Planning and Research
Associates Draft Report to EPA dated July, 1980, entitled,
"Economic Impact Analysis of Proposed Limitations Guidelines for
the Canned and Preserved Seafood Processing Point Source Category",
in which the number of closures expected per seafood category are
clearly spelled out.

Let me take you back to March 5th, 1974; the site � New
Orleans, Louisiana; the occasion � the Technology Transfer Con-
ference between EPA and this industry.

Permit me to take two quotes from my remarks to that
audience:

"Generally, what does our industry look like � we are
made up of approximately 1,589 plants, 83X of which
process less than one million dollars worth of product
a year. Our 50 largest plants account for 60Z of the
industries processing value. That leaves 1,539 plants
belo~ that level. Imagi.ne how small these operations
actually are "

This value of course was based on 1974 dollars, inflation
in« then has also taken its toll.

The second quote outlined ten deep concerns:

I am not satis e tfied that we have found enough economical
or practical treatment technology and methodology to
handle our waste problems adequately.
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I do not believe that EPA has properly taken into
account the history and geography of our industry and
what little flexibility we have of even trying to
comply with some of these regulations.

Nowhere have I seen special consMeration given to
those plants that have heavy seasonal loads to process.
That plant may only be busy three to four months out
of twelve. Muse we put in large capital expenditures
to meet the specifics of a nev regulation without regard
to how this will affect a company's ability to earn
a profit?

From what I have seen of estimated economic impacts on
our industry, I Just don't know how many of us will
survive. We are not a highly capitalized industry.
Where will this nev money come from? Who will loan it
to us'? What collateral do I have? I can't shov a
banker the fish I expect to process because I haven' t
found and caught them yet.

All of this proposed technology will require an expend-
iture of energy. Will it be available?, and at what
cost? I get concerned when I hear such statements as--
well, convert the waste to fish meal, - have you ever
tried to compete in that commodity market? Ask the
crab meal fellows in Maryland and Virginia the night-
mare they have been through lately. You also hear
glibly throvn about, the statement--you have dissolved
air flotation don't you? Yes, but in addition to ex-
tremely high costs for equipment, installation and
operation, and doubtful successful application, what do
I do with the solid waste sludge that I skim off the
top with this treatment?

I must also question � is land available to adequately
house these treatment schemes?

In the end, the consumer vill be passed on the added cost
of pollution control. She already is concerned with
rising food costs. With these added coat burdens put on
domestic producers, you unfairly give price advantages
to foreign suppliers of our 65K dependence on imported
seafoods.

The seafood industry does not have the tradi.tion of a
U- S. Department of Agriculture  like the meat industry!,
who have literally spent millions converting meat waste
into useful new by-products. It takes money and facility
that the seafood industry has never had the luxury of.
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9. Other countries consider effluent impacts on a cese-
by-case basi.s rather than a set of rigid numbers. They
also offer tax incentives to help implement such programs.
I did not see any such considerations worked into the
current proposals.

10. And finally, I must express my dismay when good advice
is ignored by EPA from both its contractors and the
effluent standards and water quality information advisory
committee.

I concluded Chose remarks back in 1974 by adding, I cannot
answer these questions and statement I have put before you. Wa are
not a highly mechanized industry. Feasibility for much of what.
we are discussing has not been demonstrated. I'm fearful that if
all of what has been promulgated is actually put into effect, that
competition in the industry vill be severely reduced. Putting
companies out of business and reducing competition certainly was
noc the intent of Congress when this Act vas passed.

My dear friends, those 1974 remarks are still germain today.

I maintain and will continue to maintain that except in areas
of inadequate tidal flush or low dissolved oxygen, seafood wastes
are food for other marine li.fe and the technology acceptable for
this industry is screening or grinding. Sophistication beyond
this technology is not practical.

Me have a new heritage, a chance to rebuild U. S. fisheries
with the implementation of the 20~1Le Bill. Many of the present
effluent promulgations are an impediment to the full development
and utilization of this new opportunity in fisheries.

Let me briefly outline where industry has been since 1972:

1. We cooperated fully with the first studies profiling
technically the characterization of our plants and
their effluents. But you know, the BCT numbers chat
were finally published in 1974 did not even reflect
EPA' s contractors' recommendations.

2. We cooperated in providing information during the first
economic impact assessment studied with Che EPA
contractor.

3. Industry commented on the above studies in oral and
written response reviewing the data for accuracy and
reliance,
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4. We vere successful in attaching our ammendment to the
l977 Clean Water Act, the now famous Section 74 study,
that required EPA to conduct a one year study to deter-
mine the effects of seafood processing wastes on marine
waters and to examine technologies to facilitate use of
the nutrients in. these wastes.

Faced with BAT  Best Available Technology! becoming BCT
 Best Conventional Technology!, but with little regard
for re-evaluating the enforcement standards, the industry
went to outside consultants for an evaluation of these
nev proposals and wrote a strong critique of the docu-
ment. Except for some thinly veiled reference in KPA's
final document, we were never accorded the courtesy of
a reply.

6. Oral and writteo. contact during all these phases has
and will continue to be made to House and Senate
public works committees in addition to special contact
with certain key coastal House and Senate offices.

The industry has gone to court in the northwest and
while having lost the DAF argument for the moment, they
may have removed the lagoon requirement for the future.

7.

The industry has painstakingly reviewed the latest
B. C. Jordon technical reassessment document on the
Bffluent Limitations Guidelines and Nev Source Perform-
ance Standards for the Canned and Preserved Seafood
Processing Point Source Category. It vill be interesting
to see what response this will generate in the final
report to ZPA.

8.

Industry's analysis and comment on the cost reasonable
tests have eli.cited from BPA the promise to evaluate
the seafood category more carefully and to offer us
further opportunity for comment when other polluting
industries comm«t periods are closed .

9.

We are about to tackle the evaluation of neve»pm«t
Planning and Research Associates draf t economic impact
analysis of Proposed Limitations Guidelines for the
Canned and Preserved Seafood processing Point Source
Category document.

IO.

As an aside, I can't for the life of me see hov the economic
can accurately reflect a correct conclusion when BPA does
have the final technical document upon which many o«he
assumptions must be calculated.

analysis
no t even
economic
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The study has been completed; but you know, the industry who
requested this study has not been permitted to see a copy of the
final report. I wonder why?



ln summation, we have no choice but to interface with the
regulators. EPA regulations are not to be ignored, they are real
We in industry must see to it that those regulations are achievable
mnd do not cause economic disruption. A continuous problem to
overcome, and one not mentioned yet, is people and coimainication.
Since 1972, there have been 33 people changes ln EPA at levels
that specifically impact the seafood industry. Just steeping up
with the musical chairs is a job in and of itself.

We in the seafood industry believe enough data and study are
in hand that we could sit down with EPA and negotiate a settlemant
based on simple technology, marine bioenhancement with our
effluents, and site-by-site analysis for minimum economic disruption,

Without further court fights or using congressional pressure,
we invite KPA to accept this invitation.
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ENVIRONMENTAL REGULATORY PROGRAMS AFFECTING THE
SEAFOOD PROCESSING INDUSTRY IN THE 19SOs

Jack I,. Cooper, Director
Environmental Affairs

National Food Processors Association
Washington, D. C.

INTRODUCTION

It is appropriate to begin a discussion of environ-
mental regulatory programs affecting the seafood processingindustry in the 1980s with a brief review of the legislative
and regulatory programs that we faced in the 1970s. Pro-
bably the single most important event was the formation of
EPA in 1970. Also during the decade of the 70s, the follow-
ing environmental acts were passed:

- Noise Control Act
� Clean Air Act

- Federal Insecticide, Fungicide and Rodenticide
Act Amendments of 1972

- Federal Water Pollution Control Act Amendments of
1972 and. the Clean Water Act

� Safe Drinking Water Act
� Resource Conservation and Recovery Act
� Toxic Substances Control Act

SECTION 74 SEAFOOD STUDY

One of the amendments to the Clean Water Act in 1977
required the Environmental Protection Agency to conduct a
study of the effects of seafood processing wastes on marine
waters. This report was to have been submitted to Congressby January 1, l979. Dave Ertz of the E. C. Jordan Company
discussed this report with you earlier today, so l will
not go into detail about it other than to say that we «e
hopeful that the report will form a firm foundation f» the
industry to go to Congress in the next session to seek
modification of the Clean Water Act. Seafood processing
plants should not be required to provide treatment greater
than that required by Best Practicable Technology  BPT!
effluent guidelines unless such addit.ional treatment is
necessary to achieve locally derived water quality standards'
It is the position of the National Food Processors Associa-
tion that treatment beyond the BPT level is unwarranted
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unless such treatment is required to achieve water quality
standards.

EPA ACTIVITIES IN THE 1980's

Looking to the 1980s, the seafood processing industry
can expect EPA to

- Continue to implement existing legislation;
Increase enforcement against violators of NPDES
permits'

- Attempt to improve the award of grants to municipal-
ities for construction of publicly-owned wastewater
facilities;

� Develop additional regulations to protect underground
water supplies from contamination; and
Increase efforts to regulate the disposal of toxic
and hazardous substances.

REGULATIONS AFFECTING THE DISPOSAL OF SEAFOOD PROCESSING
NASTES

Liquid seafood processing wastes are either discharged
directly to surface waters after treatment, or are discharged
into a publicly owned treatment works. Solid wastes that
are not utilized in some manner are either discarded on the
land or in the ocean.

Effluent Guidelines Develo t

Plants providing self-treatment of their liquid wastes
must obtain an NpDES permit which will require compLiance
at a minimum with EPA's effLuent guidelines. Currently,
the only effluent guidelines applicable to seafood proc-
essing plants are those established as the Best practicable
Technology  BPT!. The previously established Best Avail-
able Technology  BAT! effluent guidelines were revoked by
EPA when it issued its final Best Conventional Technology
 BCT! cost reasonableness test in August 1979. Also, EPA
has suspended for this processing season the non-remote BPT
effluent guidelines for Alaskan salmon processing plants.

EpA has initiated a rule-making effort to develop the
Best Conventional Technology effluent guidelines for the
seafood processing industry. The E. C. Jordan Company of
Portland, Maine, has been retained as the technical contractor
and the Development Planning and Research Associates of
Manhattan, Kansas, has been retained as the economic impact
analysis contractor. The E. C. Jordan Company has completed
its draft technical report for ZPA and Mr. Ertz of the
Jordan Company discussed their efforts with you earlier
t.oday.
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EPA has released for public cormnent a draft report
containing the Development Planning and Research Associates
economic impact analysis of the technical recommendations
made hy the E.C. Jordan .Company. EPA's Art Burman discussed
this draft with you earlier.

After accepting both the E. C. Jordan Company and the
DPRA reports, the Agency wil'l develop proposed BCT effluent
guidelines for the seafood processing industry. This pro-

to-late 1981. Until such time as the Agency issues the
final BCT regulations, the only applicable effluent guide-
lines are those issued for BPT with which everyone should
have already complied. However, some state and EPA officials
may issue BCT effluent limitations in individual NpDES
permits based on their "best engineering judgment."

CONSOLIDATED PERMIT REGULATIONS

EPA in the Hay 19, 1980 Federal Re ister issued final
regulations consolidating the following permit programs:

Hazardous waste management
Underground injection controls
National pollutant discuarge elimination systems  NPDES!
Dredge and fill
Prevention of significant deterioration.

NPDES Permit Pro ram

The major permit program with which seafood processors
need to be thoroughly familiar, is the NpDES. When the Agency
consolidated the regulations, many significant changes were
made in the NPDES permit program. There are separate require-
ments depending upon whether a plant is requesting a permit
for a new source or an extension of an existing permit to
continue operations.

NPDES Permits for Existin Plants

Existing plants requesting reissuance or modification
of a permit must file an application with the appropriate
NPDES permit issuing office, either the EPA regional office
or state. The appropriate permitting office will then prepare
a draft permit and submit it to the company for comment-
Thirty days are allowed for review of the draft permit and
for the company to submit any comments that it has on the
draft permit. The permit issuing official will also notify
the public that a draft permit is being considered for the
facility and. any person may request a public hearing during
the 30-day comment period.
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It is important that all concerns that your company
may have with the permit. be brought up during the 30~ay
comment period. After the 30May comment period, EPA may
refuse to consider any new issue.

After considering all comments, including those made
at a public hearing, if one was held, a final permit will
be issued. If the company objects to a provision in the
final permit, an evidentiary hearing may be requested within
30 days. Issues that were not brought up during the comment
period on the draft permit may not be brought up during the
evidentiary hearing. Provisions that are contested are
not in effect during the period of time the permit issuing
office is considering the appeal.

If a company is still not satisfied after the permit
issuing official makes a decision based on evidence presentec
at the evidentiary hearing, an appeal may be made to the
EPA Administrator. If the company is still dissatisfied
after the Administrator makes his final decision, the permit
may be appealed to the courts.

NPDES Permits for New Plants

The NPDES permit procedures for obtaining a permit for
a new plant are different from those for obtaining an
extension of an existing permit. Instead of having an
evidentiary hearing to review contested provisions,
plants must participate in non-adversary procedures.

As in a reissued permit, a company vice-president must
apply for the permit. The permit issuing official then
submits a draft permit to the company and allows 30 days
for public comment on it. Again, all issues must be raised
during this comment period. If requested, a panel hearing
on the permit. will be held, and a supplemental hearing
can be held where cross examination of witnesses will be
allowed. The permit issuing office will then issue a final
decision on the permit. If a company is dissatisfied with
the final decision, an appeal may be made to the EPA
Administrator. If the company remains dissatisfied after
the Administrator makes his determination, the company »Y
appeal to the courts.

Construction Cannot 8 in Until the Final Permit is
A t d I d - Anot er signi icant difference between

g sued permit and a permit for a new facility
is the f act that contested provisions o f a reissued permit
are not effective; however, when new permits are being
negotiated, the company cannot. begin construction of the
facility until the final permit is issued.
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Vice-President or E uivalent Must Si n NPDES Permit

One major change in the new NPDES regulations is that
a vice-president must sign the permit application submitted
to the NPDES permit-issuing office. The vice-president
must certify that he/she has personally examined and is
familiar with the information on the application. It is
expected that the vice-president will take whatever steps
are necessary to insure that the information in the appli-
cation is complete and accurate. This requirement has
sometimes been referred to as the "vice-president to go
to jail" because the person signing the application is the
one against wham enforcement action will be taken in the
event the permit is violated.

Nonitorin Re rts Ma be Si ned b a Plant Mana er

NPDES permits require submission of monitoring reports
on a periodic basis' While the permit application itself
must be signed by a vice-president, the monitoring report
may be signed by a plant manager or equivalent company
official. If the company conducts any monitoring of para-
meters listed in the NPDZS permit that are not required to
be reported, the company still must notify EPA of the results
of that monitoring. In other words, any analysis of pollu-
tants listed in the NPDES permit must be reported to EPA
whether the permit requires such monitoring or not.

Dut to Halt or Reduce Production

The new NPDES permit regulations state that a company
has a duty to halt or reduce production in order to remain
in compliance with its NPDES permit.

Availabilit of the EPA Ma L9, l980 Consolidated
Permit Re u ations

Copies of the EPA Consolidated Permit Regulations are
available from EpA's Edward A. Kramer, Office of Water
Enforcement  EN-336!, U. S. Environmental Protection Agency,
Washington, D- C. 20460; phone 202/755-0750.

EPA PROGRAMS TO PROTECT UNDERGROUND WATER SUPPLIES PRCN
CONTAMINATION

One of EPA's major regulatory programs for the L980's
is to protect underground water supplies. Accordingly,
seafood processing plants operating their own wastewater
treatment facilities providing treatment greater than
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screening and/or discarding their solid wastes onto land
under their control will probably be affected by EPA and
state regulations designed to protect underground water
supplies from contamination.

The solid waste disposal criteria regulations issued
by EPA in the September 13, 1979 Federal R ister, contain
the requirements for disposing of t aequi wastes in
pits, ponds and lagoons and solid wastes in landfills.
Pits, ponds and lagoons are subject to the solid waste
disposal criteria regulations because of the broad nature
of the term solid waste as defined in the Resource Con-
servation and Recovery Act,. In this Act, solid waste is
defined as any solid, liquid or contained-gaseous substance
placed into or on the land for waste disposal purposes.
These regulations apply only to non-toxic, non-hazardous
wastes and are implemented by the states. They are not
implemented by EPA.

There is an exemption in the solid waste disposal
criteria regulations for agricultural wastes that are
returned to the soil as fertilizer or as soil conditioning
agents. This exemption, however, has been interpreted
very narrowly by the Agency, and applies only to crop
residues left in the field. The Agency does not consider
that food processing wastes qualify for the agricultural
exemption.

The solid waste disposal criteria apply to the appli-
cation. of solid wastes, including sludges, to crop land.
The criteria also have requirements that disease-spreading
vectors be controlled as wel.l as requirements to protect
the safety of persons and aircraft around the disposal
site.

The criteria are designed to protect endangered species,
surface waters, ground waters, and air quality around the
site. Also, there are restrictions on placing solid waste
disposal facilities in flood plains.

In evaluating whether a site should be allowed to be
used, the following groundwater contamination parameters
have been established by the Agency:

the thickness of the water saturation zone and the
type of earth beneath the site;
the relative hazard of the waste;
the quality and quantity of the water beneath the
site.
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Each of these parameters is assigned a rating of 0
to 9. The ratings are then totaled to give the con-
tamination potential for the site. Because of the emphasis
state and EPA officials are placing on the protection of
underground water supplies, many plants utilizing land
for disposal of solid wastes and self-treatment facilities
for their wastewaters will probably be required to put in
monitoring wells around their sites and to report the
results to the state. where the monitoring shows the
potential for groundwater contamination, lining of the
facility or abandonment of it will probably be required.

Zn evaluating whether a waste disposal site will
contaroinate underground water supplies, EPA and the states
will be using the maximum contaminant levels for organic
and inorganic chemicals established in the interim-primary
drinking water standards. The maximum contaminant levels
for inorganic chemicals in milligrams per liter  mg/1!
follow:

Arsenic
Barium.
Cadmium
Chromium.
Lead.

0.05
1.0
0.01
0.05
0.05

The maximum contaminant levels for organic chemicals
in milligrams per milliliter  mg/1! follow:

Endrin. . . . . 0.0002
Lindane . . . . 0.004
Methoxychlor. . O.l

Toxaphene . . . 0.005
2,4 D . . . . . O.l
2,4,5-T . . . . 0.01

The Environmental Protection Agency is in the process
of developing water quality criteria for 129 toxic pollutants-
When established these criteria will be the maximum levels
of these pollutants in ambient waters that the Agency
considers will not cause harm to public health or the
environment. These criteria are set by EPA, and of them-
selves are not enforceable.

However, the criteria form the basis for states to
utilize in establishing water quality standards for a
particular body of water. The water quality standards
are set after public hearings. Once established, water
quality standards are enforced by state and EPA officials
in NPDRS permits.
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It is ixnportant for the state water quality standards
to be reasonable. If an unrealistically stringent water
quality standard is established, the state may require
municipalities to install advanced wastewater treatment
and require companies to install treatment technologies
greater than would be required if stringent water quality
standards did not have to be met.

REGULATIONS AFFECTING INDUSTRY USERS OF MUNICIPAL SEWAGE
TREATMENT FACILIT IKS

Pretreatment

There are no national pretreatment standards for the
treatment of seafood processing wastewaters other than
the general prohibitions on the discharge af substances
that:

Create a fire or explosion hazard;
Cause corrosive structural damage;
Have a pH less than 5.0 unless the municipal plant
is designed to handle such waste;
Are solid or viscous;
Interfere with the operation of the treatment works;
and
Are 40 C �04 F! or higher.

However, individual coxmauxxities may establish pretreatment
standards on a case-by-case basis if necessary in order
for the municipality to achieve effluent limitations estab-
lished in its NPDES permi.'t.

Industrial Cost Recove

A. Recent Senate Activit

l. ICR Re al Bill S. 2725 A roved b
Senate Committee

The Senate Environment and Public Works Committee on
May 8, l980 approved S. 2725. Section 4 of this bill would
repeal the ICR requirement from the Clean Water Act.

2. Provision Prohibitin Federal Fundin of
In ustria Ca acit x.n POTWs A ed to
S. Senator Stafford

During the May 8, l980 mark-up of S. 2725 by the full
committee, the following amendment, known as the Stafford
anxendment, was approved as Section 5 of the bill:
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ISec. 5. Section 201 of the Clean Water Act is
amended by adding the following new subsection:

" '  k! No grant made after September 30, 1980, for
publicly owned treatment works, other than for facility
planning and the preparation of construction plans and
specifications shall be used to treat, storer or conveY
the flow of any industrial user into such treatment works
in excess of a flow per day equivalent to fifty thousand
gallons per day of sanitary waste. This subsection shal]
not apply to any project proposed by a grantee which is
carrying out an approved project to prepare construction
plans and specifications for a facility to treat waste-
water, which received its grant approval before May 15,
1980.'"

a. Effect of the Stafford Amendment

As of October 1, 1980, no federal construction grant
would be allowed for treatment of wastewater from any
industrial user with a flow greater than 50,000 gallons
per day of sanitary waste equivalent. The Stafford amend-
ment is not intended to affect any project which received
a construction grant  Step III! prior to October 1, 1980
nor any project for which construction plans and specifi-
cations  Step II! had been approved prior to May 15, 1980.

If the Stafford amendment were to be enacted into law,
industrial users of publicly owned treatment works  POTWs!
constructed with Federal grant funds after September 30,
l980 would be required to secure their ovn funding-
Municipal officials would have to work with their industrial
users to be assured that they secure sufficient capit» to
pay for the capacity planned for their use.

b. NFPA 0 ses the Stafford Amendment
 S ection o f S. 27 5!

While supporting Section 4, the ICR repeal provisions
of S. 2725, NFPA opposes Sect.ion 5, the Stafford amend
ment.

3. S. 2725 A roved 93-0 June 25 b the Senate

The full Senate on June 25, 1980 approved S. 2725'
bill containing both Section 4 which would repeal ICR a"
Section 5, the Stafford amendment.

8. Recent House Activities - H.R. 6667 A
House Committee

On April 23, 1980, the House Committee on Public wo "
an Transportation passed and sent to the full Housel'and
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H.R. 6667, Section 2 of which would repeal the ICR provi-
sions of the Clean Water Act. The bill had been scheduled
for floor action during the week of September 22. It has
an open rule with one hour of debate allowed.

C. ICR Moratorium Ex ired on June 30 1980

On June 30, 1980, the moratorium on the collection of
ICR payments expired.

D. EPA Issued Memorandum on Collection of ICR

On July 14, 1980, EPA's Construction Grants Administra-
tion Division issued a memorandum to the EPA Regional
Offices stating that ". . . effective July 1, 1980 indus-
trial users must pay ICR charges on a current basis." The
memo goes on to state: "For all industrial users which
began use of a treatment works prior to June 30, 1980,
the first payment by each industrial user must be collected
not later than June 30, 1981 . . This annual payment
must include payment of the current ICR charges, as well
as the prorated payment of any ICR charges incurred during
the moratorium.

E. The Current Status of ICR

The House is expected to bring H.R. 6667 up for a vote
sometime this week. Once the House passes this bill, a
conference is expected to be scheduled to resolve the
differences between H.R. 6667 and S. 2725. Hopefully,
during the conference acceptable alternatives to the
Stafford amendment will be worked out and a compromise
bill acceptable to both Houses will evolve, be passed and
sent to the President for his signature.

Until such time as Congressional action is completed
on this issue, many of you may be requested to make ICR
payments. Since the law has not yet been changedf com-
munities are within their legal rights to request this
money.

Status of Munici al Com liance with the Seconda
Treatment Re uxrements

ZPA recently estimated that about l5,000 municipal
wastewater treatment works provide primary or higher
treatment. Only 10,000 of these were designed for secondary
treatment and only 4,500 are actually achieving secondary
treatment. Thus, 5,500 of the nation's municipal second-
ary treatment plants must be improved through minor
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expansion or significant operation and maintenance
improvement. Also, S, 000 plants providing only primary
treatment will have to be upgraded over the coming year~
to achieve secondary treatment. In addition to these
plants that EPA knows are providing some type of treat-
ment, there are several thousand other municipalities that
do not provide any treatment whatsoever that must move
all the way from zero treatment to secondary,

EPA REGULATION OF TOXIC AND HAZARDOUS SUBSTANCES

As all of us can read in the paper practically every
day, EPA and the nation's news media are preoccupied
with the issue of improper storage and disposal of toxic
and hazardous wastes. Fortunately, food processors do
not utilize very many toxic or hazardous substances in
their operations, and should be affected little by the
regulations. However, some of EPA's proposed or final
regulations will affect the industry to a limited degree.

EPA's Pro sal to Establish Ammonia as a Toxic
Pollutant

EPA in the January 3, 1980 Federal Re ister proposed to
add ammonia to its list of toxic po utants. Since ammonia
is the normal breakdown product of protein degradation, it
is present in the treated effluent of several food processing
subcategories, including meat, poultry and rendering. It
is not present in significant quantities in seafood waste-
waters where the waste is treated by screening or by
dissolved air flotation; however, ammonia will be present
in wastewaters resulting from biological treatment of sea-
food wastes and in the sludge produced by DAF systems'

EpA's primary reason for listing ammonia as a toxic
pollutant is the toxic effect that it can exert on water
ways if the pH of the waterway is 8.0 or above and if the
ammonia is present at, 20 ppm or greater. However,
of the nation's waters do not have a pH this high. Accor
ingly, the industry believes that ammonia should be
regulated on a case-by-case basis when needed to achieve
water quality standards It. should not be regulated
through EPA's national programs nor should it be listed
as a toxic pollutant .

A Food Industry Ammonia Coalition was establi hed
food processing trade associations to develop commen
the proposal. Detailed comments on the proposal w
developed by the food processing industry and submitt
to the EPA. The Agency is currently evaluating
comments that it has received and should issue a
decision within the next month or so.

348



EPA Pro sal to Ban the Use of PCB-Containin
E i ent in Food Processin Plants

A proposal by FDA, USDA's FSQS and EPA published in
the May 9, l980 Federal Re ister would require the re-
moval of all PCB containing equipment exceeding 50 parts
per million from food and feed related facilities. It
states that any f inal regulations resulting from the
proposal shall be effective l80 days after the date of
publication of the final regulations in the Federal
Re ister or after an incinerator approved by EFA rs
availa le for disposal of PCBs, whichever is later.

The agencies involved have extended the deadline for
receipt of comments on the proposal from July 7, l980 to
November 4, 1980. NFPA is preparing comments on the
proposal. An one with information on the cost of re lacin
PCB-containin e ui ment or ro ems encounter with t is

ro osal are re ueste to sen t is in ormation to Mar
E. Losi off, Assistant Director, Knvironmenta A airs,
Nat~onal Foo Processors Association 3 - t Street,

Her one n r isington, D. C.
5926.

The FDA proposal states that "raw materials susceptible
to contamination with PCBs be analyzed as necessary" to
ensure that the finished foods comply with current FDA
tolerances. Both the FDA and USDA proposals utilize the
words "premises" or "in or around" food and feed facilities
in reference to the areas where PCB containing equipment
should be removed.

NFPA has suggested that all food processors take an
inventory of capacitors containing more than three pounds
of dielectric fluid, and all transformers to determine
their location and whether they contain PCBS at a concen-
tration over 50 parts per million. The presence of PCBs
can be verified by the manufacturer, by a service company,
by a utility company, or through testing by a laboratory.
Other equipment which may contain PCBs are heat transfer
systems, hydraulic systems and electromagnets.

All existing equipment containing PCBs should be
Labeled in accordance with EPA's May 3L, 1979 finaL PCB
regulations. Copies of these regulations and additional
PCB information are available from EPA's Industry
Assistance Office: phone toll-free 800/424-9065.

A PCB Coalition has been formed consisting of repre-
sentatives of food industry trade associations, manufacture
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of transformers, and ut,ility trade associations.
coalition is exchanging information on the proposals.

EPA has developed a booklet on the use of PCB-con-
taining equipment in food processing plants titled
"PCBs � An Alert for Food and Feed Facilities" which
is avai e rom EPA s In ustry Assistance Office;
phone toll-free 800/424-9065.

EPA Ma R uire Best Management Practices to be
Written into NPDES Permits

An NPDES permit writing official may write into an
NPDES permit a requirement that best management practices
be implemented to control the discharge of toxic or
hazardous pollutants from:

- raw material storage areas;
- in-plant transfer and material handling areas;
� loading and unloading areas;
� plant site runoff; and
� sludge and hazardous waste disposal areas.

These best management practices would be designed to
prevent spills or runoff of hazardous or toxic substances
from the plant site to receiving waters or groundwater.

An Anal sis of EPA's Hazardous Wastes Mana ement
S stem Re ulations

In the February 26 and May 19, 1980 Federal Re isters
EpA issued its hazardous waste management system regu
tions. These regulations require "cradle-to-grave"
control of all hazardous wastes. Generators, transporters<
storers and treaters of all hazardous waste were required
to notify EPA of their activity by August 18, 1980.
After receiving the notification form, EPA will issu«he
company an EPA identification number. After November 19'
1980, it will be illegal to transport hazardous wastes
without a manifest. The manifest must carry the plant I'
D. number and list a destination which must be an EPA
permitted hazardous waste disposal site.

Fortunately, no one has called to our attention any
waste produced by the seafood processing industry'
would be considered hazardous by the EpA regulations.
anyone knows of any such waste that may be hazardous'
encourage you to bring this information to our attenti~~
so that we can investigate whether or not the waste is
hazardous according to the regul,ations.
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Fruit and vegetable processors utilizing caustic to
peel fruits and vegetables have determined that the pH
of their resulting peel wastes may exceed the character-
istic of corrosivity by having a pH of 12.5 or above.
However, the pH of the peel waste is usually adjusted to
below this level before it leaves the plant. NFPA is in
the process of preparing a petition for modification to
EPA on the hazardous wastes regulations.

There are two exemptions from the regulations. First,
if the hazardous waste is discharged into a sewer, mixed
with domestic sewage and treated at a municipal waste-
water treatment facility, then the regulations do not
apply. This is because the act upon which the regulations
are based specifically excludes domestic sewage. Second,
if the waste is recycled for a beneficial use, the
regulations do not apply.

If a food processor transports a hazardous waste to
his own wastewater or solid waste disposal facility, then
the act of treating that waste requires the company to
apply to EPA by November 19, 1980 for a separate permit
for the hazardous waste treatment facility. NFPA encourages
food processors not to transport hazardous wastes off of
their plant premises.

S ills of Hazardou's Substances

Since many food processors receive and store some
hazardous substances such as chlorine and sodium hydroxide
on plant premises, plant management should be familiar
with EPA's August 29, 1979 regulations controlling acci-
dental spills of these compounds. The list contains 299
substances and if a "reportable quantity" of any of them
is spilled into the nation's waters, then the company is
required to notify the U. S, Coast Guard or the appro-
priate EPA regional office of the spill within 24 hours
of its occurrence. The phone number for the Coast Guard
is 800/424-8802. This is a toll free number and the duty
officer will refer your call to the proper person or tell
you who to contact.

State/EPA A reernents

The Environmental Protection Agency is requiring each
of the states, as a condition for grant support, to sign
annual state/EPA agreements. These agreements identify
the major pollution problems that the state intends to
address over the coming year. These agreements currently
cover state programs to implement requirements of the
Clean Water Act, the Safe Drinking Water Act, and the



Resource Conservation and Recovery Act. Some of
state/EPA agreements include programs to implement the
Clean Air Act. Information about your state's agreement
with EPA is available from EPA. You should be able to get
a copy of your state/EPA agreement from EPA's Water
Planning Division in Washington, D. C.; phone 202/426-2~22

CONCLUSION

Environmental regulations will continue to affect the
seafood processing industry in the l980s. EPA will con-
tinue to develop its BCT effluent guidelines which, after
promulgation, will have to be met by July 1, 1984 .
Additionally, seafood processors vill need to keep up-to-
date on other EPA and state programs affecting:

� Water quality standards for the body of water
into which processing wastewaters are discharged;

- Programs to protect underground water supplies
which may affect current. liquid and solid waste
disposal practices;

� Spills and disposal of hazardous wastes; and
� EPA/state pollution control agreements.
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