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INTRODUCTION

The coastal waters of Louisiana are becoming increasingly
impacted by growing population and development. Thus, preservation of
suitable water quality for the State's valuable commercial and sport
fishery has become a focus in Louisiana's economic, public health, and
stewardship obligations. Balancing these goals requires careful
management of the pollution loads permitted for discharge into coastal
waters. Seafood processors, economically important to the state with
annual estimated revenues of $254 million �!, are often located in
environmentally sensitive areas. The permits section of the Louisiana
Department of Environmental Quality  LADKQ! has identified the need
for technological support to develop wastewater treatment guidelines
for Louisiana's seafood processing industries.

Seafood processing wastewaters consist primarily of biodegrad-
able, nontoxic wastes containing high concentrations of soluble
organics  biological oxygen demand  BOD !!, total suspended solids
 TSS!, and fecal coliform bacteria. Wastes are generated from
on-shore processing facilities which support both in-shore and near-
shore fisheries for popular finfish, crustacean, and molluscan
products. The wastes are produced on a seasonal basis by a large
number of small facilities located in rural areas. Direct discharge
of partially treated or unCreated wastewater adversely Impacts coastal
sport fisheries, commercial oyster beds, and local drinking ~ster
supplies.

The United States Environmental Protection Agency  USEPA! has
developed national technology-based treatment guidelines for the
seafood processing industry  l!. These standards dictate the daily
30-day maximum allowable values for BOD , TSS, oil and grease �/G!,
and pH for several subcategories of seafood processors. Future
regulatory policies may move from technology-based effluent limita-
tions to more stringent water quality-based limits, requiring more
advanced wastewater treatment. Therefore, economically achievable
treatment options and pollutant limits providing for the protection of
natural waters and the environment must be identified.

The ob]ectives of this paper are to review the environmental
regulatory requirements for Louisiana seafood processors by state and
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federal agencies, and present treatment options for nontoxic, bio-
degradable wastes produced by seafood processing facilities.

PERMITTING PROCESSES

Seafood processors in Louisiana are required to file for four
separate permits depending upon the location and type of operation.
These permits include:

�! NationaI Pollution Discharge Elimination System  NPDES!
permit issued by the USEPA.

�! Five year Louisiana Water Discharge Permit System  LWDPS!
permit issued by the LADEQ

�! Sanitary Permit issued by the Louisiana Department of Health
and Human Resources  DHHR!, Office of Preventive and Public
Health Services.

�! Transportation permit issued by the Louisiana State
Department of Transportation and Development  DOTD!.

Of these four required permits, only the USEPA and LADEQ permits per-
tain to environmental regulation of seafood processors.

USEPA Permit

The USEPA permits wastewater discharge and other waste emissions,
such as nonprocess water, under the Consolidated Permits Program. The
discharge of pollutants into United States' waters requires a National
Pollutant Discharge Elimination System  NPDES! permit �!, required by
the Clean Water Act of 1977 �3 U.S.C. 1251!.

The application requires: �! the anticipated start-up date if
not already in operation, �! the location of each outfall by latitude
and longitude, �! the name of the receiving waters, �! a list of
operations contributing wastewater to the effluent, with aver'age flow
contributed by each operation and any wastewater treatment, �! a line
drawing showing flow through the facility, �! a description of inter-
mittent flows, and �! the level of production with affected outfalls
�,4!.

The applicant must report effluent pollutant information
including: conventional pollutant analyses--BOD , chemical oxygen
demand  COD!, total organic carbon  TOC!, ammonia  as N!, flow,
temperature  winter and summer!, and pH; and identification of listed
toxic pollutants and hazardous substances in any expected discharge.
If a toxic or hazardous substance is present, the applicant must
report any analytical data in his possession and give reasons for its

73



presence. New facility applicants must list names of existing
facilities which, to the best of their knowledge, resemble the one for
permitting�!.

The deadline far filing an NPDES permit application is 180 days
before a present permit expires ar 180 days prior to start-up of a new
facility. If a new effluent source is constructed under the NPDES
pragram, construction of the new source may not begin before the
issuance of a permit under the applicable program �!. USEPA does not
require a permit application fee.

The LADEQ issues a five year LWDPS permit to dischargers meeting
effluent limitations and monitoring requirements. The applicant
should also apply for permits with the DHHR, and the DOTD  if appli-
cable! �! .

Most of the data required in the LADEQ permit applicat8 on is
included in the USEPA permit. Non-redundant requirements in the LADEQ
permit include total solids  TS!, total dissolved solids  TDS!, turbi-
dity, how the waste reaches the "State ~ater"  map!, disposal methods
and facilities, and treatment methods. For each significant source at
the facility, the same data is required excluding the flow diagram,
toxicity data, and how the waste reaches State water. The applicant
must present and evaluate alternatives concerning the avoidance of
potential and adverse environmental effects, cost-benefit analysis,
alternative pro]ects, sites, and mitigating measures that would offer
more environmental protection.

After receiving the application, LADEQ issues a draft, permit.
The draft does not grant authorizatian to discharge; it describes the
requirements for the final permit. Proof of public notification must
be sent to the LADEQ office before final permit issuance. LADEQ
will consider comments submitted in writing within 30 days of the
notice date.

The permit fee is 20K of the annual maintenance and surveillance
fee, or not less than $227.50 �!, payable prior ta issuance of the
final permit. The permittee is required to submit Discharge Moni-
toring Reports  DMR! defining sample type, frequency and parameters.

facility may be liable for damages to private property as
to State waters regardless of permit compliance. If set

levels are exceeded for a specific waste component for a
period of time, the processor is in nan-compliance with t' he

The

well as

loading
specific
permit.
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EFFLUENT STANDARDS

Several different effluent limits apply to seafood processors
depending upon the receiving body, whether the facility is new or
existing, and. the intent to discharge to a POTW or directly to the
environment. The flow diagram in Figure 1 indicates all the LADEQ
effluent limi.t assignation procedures that apply to seafood proces-
sors. Waste load allocation covers all dischargers and may supersede
all other effluent regulations.

Waste Load Allocation

The waste load allocation  WLA! process determines effluent
limitations for point source discharges based upon the assimilative
capacity of the receiving water, Technology-based effluent limits may
apply to the seafood processors discharging into water bodies with
high assimilative capacities. The Atchafalaya, Red, and Mississippi
Rivers fall into this category. Effluent limits for point source
discharges to systems with limited assimi1ative capacity are based on
the results obtained from a water quality model. The model identifies
the least stringent effluent limit allowing the in-stream DO to be
maintained at or above 5.0 mg/1 �.0 mg/1 in coastal waters!,
determining the degree of treatment; secondary effluent limits
�0 mg/1 BOD / 30 mg/1 TSS!, nutrient limits, or no discharge of any
pollutants.

Existin Point Source Performance Standards

These effluent limitation guidelines promulgated by USEPA
represent the effluent reduction attainable by industrial wastewater
treatment facilities through the appli.cation of the best practicable
control technology currently available  BPT!. These technology based.
standards are applied in developing effluent limits for TSS, 0/G, and
pH discharged from existing point sources. Primary treatment methods
removing suspended and floating material from the waste stream are
required to meet these effluent standards.

Existin Source Pretreatment Standards

These effluent limitation guidelines issued by USEPA apply to
seafood processors that discharge to a POTW. Pretreatment for TSS,
oil and grease �/G!, and pH may be required before the wastewater can
be discharged to a POTW. The program regulating these dischargers i,s
normally administered through local authorities in cooperation with
LADEQ.

New Point Source Performance Standards

The BCT or best conventional technology standards required by
USEPA apply to new seafood processing facilities or proposed additions
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to existing facilities. The waste components covered by these
standards are BOD5, TSS, 0/G, and pH.

New Source Pretreatment Performance Standards

These standards promulgated by USEPA apply to new facilities that
discharge to a local POTW. These standards cover BOD , TSS, 0/G, and
pH. The program regulating these dischargers is normally administered
through local parish or city authorities in cooperation with LADEN'.

TREATMENT METHODS

Effluent treatment options for seafood processors vary consi-
derably depending upon the size and location of the facility.
Traditional "end-of-pipe" wastewater technologies such as activated
sludge or trickling filters can be applied to almost any wastewater,
but capital and operational costs may be high. In-plant water and
solid waste reduction practices or "waste minimization" can offer a
more economical approach to lowering overall wastewater treatment
cos'ts ~

Waste Minimization

Waste minimization reduces wastewater flow and strength through
management practices emphasizing washwater reduction, separation of
solids and reuse of process water. The waste minimization practices
for plant processes and wastewater treatment are shown in Figure 2.
Washwater reduction can be achieved by simple in-plant management,
such as turning off washwater to processes when not needed, or by
installing simple devices such as foot-operated pressure plates,
timers or metered flowmeters.

The reuse of process water in the seafood industry is regulated
by the Federal Drug Administration  FDA! and, in Louisiana, by DHHR.
Water reuse may reduce wastewater generation from some facilities.
Any modifications used at a facility must: �! be approved by DHHR
and FDA for coliform bacteria standards, and �! be relatively free of
solids to avoid clogging of equipment.

Wastewater Treatment Processes

Wastewater treatment processes can be divided into four cate-
gories: primary, roughing, secondary, and polishing. The sequence of
these wastewater treatment practices is shown in Figure 3. Table 1
compares treatment efficiencies of respective treatment methods.
Table 2 lists possible treatment trains for various process wastes to
achieve secondary effluent limits �0 mg/1 BOD /30 mg/1 TSS!. Primary
treatment is a physical or chemical process idtended to remove coarse
TSS and some BOD from the raw wastewater. Roughing treatment can be
physical, chemic21 or biological reducing high strength wastewaters to
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Figure 2. Relationship of in-plant waste generation
processes to waste minimization and
wastewater treatment practices.
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Figure 3. Sequence of wastewater treatment
practices for seafood processors.
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Expected Removal
Efficiency,

X of Influent

Waste Parameters
Removed

Treatment

50 � 65

24 - 45

Pr imary TSS

BOD

40 - 60

40 � 60

Roughing TSS

BOD

85 � 95

75 � 95

Secondary TSS

BOD5

80 � 99

65 - 98

70 � 80

85 � 98

Polishing TSS

BOD5

Phosphorus

Nitrogen
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Table 1. Comparison of Treatment Efficiencies for
Various Treatment Methods �!.
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acceptable levels for subsequent secondary treatment methods.
Secondary treatment is physical-chemical or biological, removing BOD
and fine suspended solids to specified levels. The remaining BOD ani
TSS, as well as nutrients such as ammonia, are removed using poli!hing
treatment.

Primer Treatment: Primary treatment can be used alone to meet
effluent standards for TSS, but is primari3.y used ta reduce wastewater
strength to levels acceptable for secondary treatment processes.
Screening, sedimentation, and flow equalization are the major primary
treatment methods used by seafood processors.

The screen types used most frequently in the seafood processing
industry are the static, rotating, vibrating, tangential, and moving
screens �!. The USEPA recommends a 20-mesh  number of openings per
inch! screen as the minimum treatment for most seafood processing
eff3uents �!. Screens are relatively inexpensive, easily retrofitted
to sumps and discharge weirs, easy to maintain, and can be designed
for automated operation. Screens may be inadequate for small particle
removal, or providing sufficient treatment for secondary or polishing
treatment technologies,

Sedimentation is the gravitational settling of suspended par-
ticles  TSS! which are heavier than water �!. The removal of TSS in
the sedimentation process may be enhanced by adding flocculating
chemicals such as calcium carbonate, ferric chloride, polymers or
other wastewater streams. These materials chemically react with both
dissolved and suspended compounds, creating heavier, more settleable
sludges. Capital costs are generally greater for sedimentation units
than screens, but effluent' quality suitable for subsequent secondary
treatment is achieved.

Flow equalization, another primary treatment option, may be
incorporated into the sedimentation process. A flow equalization
system consists of a holding tank and pumping equipment designed to
reduce flow fluctuations and shock loadings. The system maintains a
constant effluent flowrate, regardless of the influent flowrate.

Seconder Treatment: The main objective of secondary treatment'
is to remove fine suspended solids and soluble BOD . Secondary
treatment is generally, but not exclusively, biological. The majority
of currently used biological processes are aerobic systems, requiring
oxygen from mechanica3. aeration devices to support waste-consuming
microorganisms. If oxygen is not supplied, the system is anaerobic,
producing troublesome waste products, requiring further treatment.
Anaerobic treatment systems are used in some industries; however,
odors and lower treatment efficiencies are a problem,

Septic tanks are the most widely used treatment system for small
wastewater flows  8!. A well designed septic tank system consists of



two components: �! a tank designed to settle and anaerabically
degrade TSS, and retain floatable grease and scum, and �! a soil
absorption field or polishing treatment to further degrade soluble
BOD , and remove TSS and nutrients.

The soil absorption field is critical to proper operation of
these systems, using a septic tank alone does not provide adequate
wastewater treatment. For many seafood processors located along
bayous or streams, septic tank treatment systems can be severely
limited by shallow water tables or inadequate land availability for
the sail absorption components.

Activated sludge is a biological wastewater treatment process in
which a mixture of wastewater and biological sludge is agitated and
aerated �!. Conventional activated sludge consists of a primary
clarifier or sedimentation basin followed by the aeration basin and
secondary clarifier. Biological sludge is produced in the aeration
basin and separated in the secondary clarifier. Some of the sludge is
recombined with the influent wastewater, the rest is wasted. Aeration
and mixing is provided by diffusers or mechanical mixers. Expected
removal of 800 and TSS can range from 83 to 93 percent and 80 to
90 percent, ree ectlvely.

Wastewater stabilization lagoons are another option for secondary
treatment. The three ma!or types of lagoons include: facultative,
aerated, and anaerobic. However, effective lagoon systems require
large land areas.

Facultative lagoons are shallow and have three layers ar zones.
The upper layer is 100K aerobic due to wind-induced oxygen transfer or
algae photosynthesis. The middle layer contains facultative bacteria
which can function in either. aerobic or anaerobic conditions. The

bottom layer is anaerobic and actively decomposes accumulated solids.
Plant upsets may cause facultatiye lagoons to become anaerobic,
incurring odor problems and lowered treatment efficiency.

Aerated lagoons are 100 percent aerobic, with oxygen supplied
mechanically by surface aerators or submerged diffusers. Greater,
more reliable oxygen availability allows treatment of a higher daily
volume of wastewater. Lower land requirements and costs of construc-
tion make aerated lagoons advantageous to use.

Anaerobic lagoons provide no mechanism for oxygen transfer.
Incomplete degradation of organic wastes and TSS is performed by
anaerobic bacteria, therefore this treatment must be followed by an
oxidation pond or aerated lagoon to "polish" the effluent. Odor
problems are commonly associated with anaerobic lagoons.

Attached growth biological contactors include processes such as
trickling filters, rotating biological contactors  RBC!, and fluidized

83



beds  FS! . The media ia covered with aerobic microorganisms that
degrade organic matter in wastewater. Bacterial biomass builds up on
the rocks or media and eventually sloughs off from the surfaces. A
second clarifier must be provided to remove these solids from the
effluent. Trickling filters must be preceded by primary treatment or
the bed will clog with solids  8!.

Rotating biological contactors  RBC's! are series of rotating
disks  biological filters! placed equidistantly, partially submerged
in a wastewater tank. The rotation provides aeration. RBC's require
less space for operating than trickling filters.

In biological fluidized beds, microorganisms are attached to a
media as described for trickling filters and RBC's; however, the media
is a sand grain that is continuously suspended in an aerated flow of
wastewater. Because of the large surface area provided by the sand,
fluidized beds are more efficient than trickling filters, activated
sludge, or RBC's, and usually require less space. However, pumping
costs associated with the process can be prohibitive.

Dissolved air flotation  DAF! is a physical treatment method ta
remove dissolved material and 0/G from wastewater with the aid of very
tiny air bubbles �0!. Air is dissolved through pressurization into
the wastewater. The wastewater is held in a flotation tank to allow
the dissolved air to escape and attach to suspended particles, which
float to the top for skimming.

Rou hin Treatment: Roughing treatment is designed to reduce
BOD and TSS concentrations to levels acceptable for secondary treat-
ment �0 to 500 mg/1 BOD5! . Roughing treatment pre-treats high waste
loads minimizing shock loading effects. Roughing treatments are
designed to treat a higher concentration of wastewater. Stabilization
lagoons, RBC's, and trickling filters are commonly used far roughing
because of tolerance to shock loading, resistance to clogging, and low
operating costs.

Polishin Treatment: Polishing treatment is usually employed as
a final treatment step to reduce TSS, BOD , and nutrients to meet more
stringent effluent linitstions. Polfshln! trestnents for BOD sng fgg
removal include: sand filters, rock-reed filters, and wetlan s treat-
ment. Polishing treatments for nutrient removal include: fluidized
beds, RBC's, and chemical precipitation.

Sand filters are effective for the removal of BOD and TSS down
to low concentrations. Two types available to seafood processors
include rapid and slow sand filters. In rapid sand filters, waste-
water flows into the system and downward through the filter bed until
flow is restricted due to clogging. The filter is backwashed
 cleaned! by expanding the bed countercurrently with clean water. The
backwash water must be discharged to a sewer or to a slow sand filter
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f or solids collection. The rapid sand f il ter is e f f ective f or high
flowrate systems, though package units are available for almost any
sized facility.

Slow sand filters are passive filters that have a graded sand
media with no provision far backwashing. Wastewater flow is distri-
buted over the bed and flaws downward through the media where solids
collect: in the upper twa inches of the bed. When the filter begins to
clog, the flow is diverted and the wastewater is allowed ta slowly
seep into the bed until the bed is drained. The bed is cleaned by
scraping the upper one to two inches of sand, which should contain
most of the filtered suspended solids. This material is disposed of
as a solid waste in a dumpster or landfill.

Wetlands naturally remove TSS and BOD through a variety of
mechanisms: �! Plants and bottom surfaces provide sites for micro-
bial activity end the lowered water velocity effects sedimentation
 9!, �! plant uptake of nutrients may effect nutrient removal, and
�! long hydraulic detention times and shallow water provide
re-aeration conditions that will degrade soluble BOD . The use of
natural wetlands for wastewater treatment is experimental and direct
application for seafood processors is limited. Discharge regulations
perceive wetlands as receiving water bodies, not treatment units.
Further study is needed for widespread use of this approach, but it
does show promise as a low-cost: treatment method for seafood proces-
sors locat:ed. near wetlands.

Constructed artificial wetlands, or rock-reed filters, consist of
shallow lined or unlined basins filled with two ta three feet af rock

media supporting the growth of emergent plants and attached micro-
organisms. Wastewater flows into the system via a submerged inlet.
The plants uptake some nutrients, however, microorganisms attached ta
plant roots and rock media provide the bulk af the treat:ment. Sus-
pended solids are removed by simple entrapment in the rack and roots.
Water levels are maintained Just below the surface of the rock media,
to minimize odor and insect problems and to hinder the growth of
algae. Rock-reed filters are very effective for treating low strength
wastewaters.

SUI499N.Y

The United States Environmental Prot:ection Agency and the
Louisiana Department of Environmental Quality issue permits to regu-
late discharges from seafood processors. These permits require the
processor to supply detailed informat:ion about process flows and waste
generation. All information supplied becomes public record. In
general, seafood processors will interact more frequently with the
state than the federal agency.
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Most states presently use technology based effluent limitations
to determine treatment requirements. Waste Load Allocation procedures
may be used in the near future for coastal areas or sluggish streams
with low reaeration potential. These procedures will almost certainly
result in more stringent effluent regulations.

Use of waste minimization techniques may offer the most coat-
effective alternative for reducing wastewater flow and strength.
Success of these techniques will be dependent upon the type of pro-
cessor. Support utilities to pick up by-products such as solids must
be inplace before solids separation will be effective. Further
studies are needed to investigate actual wastewater reductions that
can be achieved through specific technology and management practices.
In addition, FDA regulations that apply to reuse and recycle of pro-
cess water must be fully addressed to identify limitations.

Conventional wastewater treatment technologies can be applied to
seafood processing wastewaters, but land availability can be limiting.
Specific treatment components to be included depend upon permit
restrictions, site constraints, and overall cost considerations.
Further studies are needed to examine the integration of compact
wastewater treatment methods wi.th waste minimization practices.
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INTRODUCTION

Disposal of seafood processing effluents is a major problem of
Gulf of Mexico shrimp processors. Most large shrimp processing plants
use Laitram Model A mechanical peelers capable of peeling up to 1100
pounds �99 Kg! of head-on shrimp per hour. The peelers require an
average of 8.6 gallons �2.5 L! of water to peel each pound of head-on
shrimp. Based on those parameters, each mechanical peeler can generate
9,460 gallons �5,808 L! of effluent per hour or 75,680 gallons
�86,464 L! per 8-hour workday. Some Gulf Coast shrimp processors
operate as many as eight shrimp peelers simultaneously.

Shrimp processing plants are located throughout the Gulf region,
either singularly or clustered together in seafood ports. Singular,
remote shrimp processing plants may discharge their processing
.effluents directly to receiving waterways according to the stipulations
of their National Pollution Discharge Elimination System  NPDES!
permits. Clustered shrimp processing plants generally discharge their
effluents to municipal sewage treatment systems. The sewage treatment
plants' effluents must also comply with NPDES permit limitations.

NPDES permits are maintained by either state environmental
regulatory authorities or the U. S. Environmental Protection Agency
 USEPA! depending on locality. Nonbreaded shrimp processing NPDES
permit limitations generally include permissible pH, biochemical oxygen
demand  BOD!, and total suspended solids  TSS! levels. In recent
years, state and federal environmental regulators have stringently
enforced seafood processing plant NPDES permits. Many remote
processors and municipal sewage treatment plants which serve clusters
of processors have had difficulty meeting their NPDES permit
limitations. As a result, state and federal environmental regulators
levied fines and entered lawsuits in courts against processors and
municipalities.
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Mauldin and Szabo �974! indicated that mechanical shrimp peeler
wastewater contained 3.2 -4.7 lb  or Kg! of BOD per 100 lb  or 100 Kg!
of shrimp processed. They also noted TSS in the range of 1.6 � 5.5 lb
 or Kg! per 100 lb  or 100 Kg! of shrimp processed. Assessing the
effectiveness of dissolved air flotation  DAF! for removal of
pollutants from screened shrimp peeler wastewater, the investigators
found that DAF reduced effluent BOD, TSS, turbidity and protein by
65.1r"., 65.6X, 83.0X and 52.5'I, respectively.

Perkins �977! found that screened raw shrimp processing
wastewater contained 0.2 � 1.0 Lb  or Kg! of BOD per 100 lb  or 100 Kg!
of shrimp processed. Protein content ranged from 0.2 � 2.6 g per
gallon �.053 � 0.687 g/L! of screened raw shrimp processing
wastewater. The study also showed that isoelectric precipitation and
centrifugation reduced effluent BOD and protein by 61.0X and 57.9X,
respectively.

More recently Johnson and Lind1ey �982! illustrated that a three-
stage hydrocyclone system could remove 77.5X of TSS and 72K of the
turbidity from screened shrimp processing wastewater. In a further
refinement, Johnson and Gallanger �984! showed that adding the
coagulant chitosan to screened shrimp processing wastewater  after
passage through the three-stage hydrocyclone system! removed 98K of TSS
and 96X of the turbidity.

Perkins and Harper �988! conducted a study to determine the
quantity and quality of proteinaceous solids recoverable from
mechanical shrimp peeler effluent. Solids were recovered by HCl
precipitation and centrifugation. Recovery of solids from untreated
effluent was 1X � 2X by weight and was predictable by turbidity. The
precipitation/centrifugation process reduced supernatant total organic
nitrogen, biochemical oxygen demand and turbidity by 49.8X, 50.0X and
92.4X, respectively, compared with untreated effluent. Total aerobic
plate counts  APC! of bacteria recovered from unprocessed shrimp and
precipitated solids were 105 � 106 CFU/g, approximately 1.5 log units
greater than from peeled shrimp or untreated effluent. Total APC of
bacteria recovered from clarified effluent was 3.2 x 10 CFU/ml.

MATERIALS AND METHODS

Byproduct Recovery Apparatus

Water containing dissolved and suspended fragments of shrimp meat,
shrimp shell, and shrimp protein was collected in a stainless steel
tank following its separation from the primary product  peeled shrimp
tail meat!. The recovery system was installed in-line following the
peeled shrimp/peeler effluent separation step.
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Pilot Plant Operation and Sample Collection

Eleven collections of mechanical shrimp peeler effluent were made
from July through September 1988. The pickup gate valve was opened,
and the pilot system electric motor started. Peeler effluent was
forced through the pilot system at a rate of 100 GPM and 70 psi. The
system was allowed to run for a minimurrr of 2 rrrinutes to allow liquid to
exit bath underflows and the overflow.

Untreated effluent samples were collected from the stainless steel
tank before entry into the recovery system. Underflow 1 and Underflow
2 samples were collected following exit from the 6 � inch hydrocyclone
and 3-inch hydrocyclone, respectively. Overflow samples were collected
at end of pipe, immediately prior to entry in the floor drain.

A11 samples were collected in sterile 1-quart plastic whirl-paks.
Duplicate 1-quart samples were collected on each sample date at each
sample point. All samples were placed on ice in an insulated plastic
cooler for transport to the laboratory thirty miles away.

Sample collections usually took l
processing plant to the laboratory never
analyses were begun no later than 1
laboratory. Therefore, no sarrrples were
time analyses were begun.

hour, and transport from the
took more than 1 hour. Sample

hour after arrival at the

more than 3 hours old at the

Physical and Chemical Determinations

Turbidity measurements of all four sarrrple types were taken on all
eleven sample dates. Turbidity measurements were made with a Hach
Model 2100A turbidimeter calibrated with standard tubes.
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Peeler effluent was piped from the collection tank to the recovery
system with 3-inch diameter Schedule-80 PVC pipe, and peeler effluent
flow controlled by a 3-inch gate valve. The 3-inch PVC pipe was
connected to the inlet of a Gould's Model 3196-ST stainless steel food
pump  rated at 100 GPM at 70 psi! driven by a 5 hp electric motor. The
outlet of the pump was connected to the inlet of the first hydrocyclone
with 2-inch PVC pipe. The first hydrocyclone was a 6-inch Dorr-
Oliver Model 6-NZ-C Dorrclone Hydrocyclone, fitted with a 1-inch vortex
finder and 3/8-inch apex valve. The overflow from the 6-inch
hydrocyclone was connected to the inlet of the second hydrocyclone with
1 1/2-inch PVC pipe. The second hydrocyclone was a 3-inch Dorr-Oliver
Model 3-NZ-C Dorrclone Hydrocyclone, fitted with a 5/8-inch vortex
finder and a 1/4-inch apex valve. The overflow from the 3-inch
hydrocyclone was piped to a floor drain with 1-inch PVC pipe.



Total Kjeldahl Nitrogen  TKN! and ammonia nitrogen  NH4!
determinations of all four sample types were made on all eleven sample
dates according to standard methods  AOAC, 1980!. Five-day biochemical
oxygen demand  BOD5! analyses were performed according to the standard
Winkler Azide Modification  EPA, 1983!.

Microbiological Determinations

Total aerobic plate counts  APC! of all four sample types were
performed on ten collection dates. Fecal coliform counts for all four
sample types were conducted on seven collection dates. All handling
and preparation, total aerobic plate count, and fecal coliform methods
conformed to methods prescribed in the FDA Bacteriolo ical Anal tical
Manual  AOAC, 1984!.

RESULTS AND DISCUSSION

Mean turbidity values for untreated effluent, underflow 1,
underflow 2, and overflow are presented in Table I. The results show
that the 6-inch hydrocyclone concentrated the turbidity of the
untreated effluent by 94K. The 6-inch hydrocyclone performed as
hypothesized, and nearly doubled the concentration of dissolved and
suspended organic particles found in the untreated effluent.

TABLE 1. SHRIMP PEELER WASTEWATER TURBIDITY.

No. of

Trials
Turbidity, FfU

 Mean + SD!Sample Type

However, underflow 2 turbidity was concentrated to a mean of only
81 Fluorometric Turbidity Units  FTU!, or only 65K more turbid than the
untreated effluent. Apparently, the 3-inch hydrocyclone was unable to
additionally concentrate effluent turbidity. And, the mean overflow
turbidity was 71 FTU, or 45K more turbid than the untreated effluent.
The overflow turbidity should have been less than the turbidity of the
untreated effluent. Apparently, the 3-inch hydrocyclone's inability to
sufficiently concentrate turbidity in the under flow caused the
unexpectedly high reading.
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Untreated Effluent

Underflow 1

Underflow 2

Overflow

49 + 29

95 + 57

81 + 50

71+ 33



The rather large standard deviations shown in Table 1 indicate the
extreme variability of the effluent samples encountered throughout the
course of the study. From sample type to sample type, and from
collection to collection, no definite turbidity recovery pattern could
be determined.

Mean Total Kjeldahl Nitrogen  TKN!, ammonia nitrogen  NH4!, and
total organic nitrogen  TON = TKN � NH4! values for untreated effluent,
underflow 1, underflow 2, and overflow are presented in Table 2. The
6-inch hydrocyclone concentrated the TON of the untreated effluent by
109K, or 15K more than the turbidity was concentrated at the same
point.

TABLE 2. SHRIMP PEEL% WASTEWATER NITROGEN,

No. of TXN, mg/I NH4, mg/L TON, mg/L
Sample Type Trials  Mean + SD!  Mean + SD!  Mean + SD!

However, underflow 2 TON was concentrated to a mean of only 158
mg/L, or only 66K more concentrated than the untreated effluent.  That
percentage increase in TON concentration was almost equivalent to the
percentage increase in concentration of untreated effluent turbidity at
the same point.! And, the mean overflow TON was 164 mg/1, or 72K
greater than the untreated effluent. The overflow TON should have been
less than the TON of the untreated effluent. Apparently, the 3-inch
hydrocyclone's inability to sufficiently concentrate TON in the
underflow caused the unexpectedly high reading. The rather large
standard deviations shown in Table 2 indicate the extreme variability
of the effluent samples encountered throughout the course of the study.

Mean 5-day biochemical oxygen demand  BOD5! values for untreated
effluent, underflow 1, underflow 2, and overflow are presented in
Table 3. The 6-inch hydrocyclone concentrated the BOD5 of the
untreated effluent by 135X. The 3-inch hydrocyclone concentrated the
BOD5 of the untreated effluent by 136X, or slightly more than did the
6-inch hydrocyclone. These results were consistent with the project's
hypothesis that each hydrocyclone in the pilot system would provide
additional concentration of organic materials from the untreated
effluent.
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Untreated Eff 11

Underflow 1 ll

Underflow 2 11

Overflow 11

100 + 75

209 + 144

168 + 122

170 + 64

4.5 + 1.5

10 + 21

10 + 20

6.2 + 7.3

95 + 75

199 + 146

158 + 122

164 + 64



TABLE 3. SHRIMP PEELER WASTEWATER BIOCHEAL OXYGEN DEMAND.

BOD5, mg/L
 Mean + SD!

No. of

TrialsSample Type

However, the mean overflow BOD5 was 1038 mg/L, or 75K greater than
untreated effluent BOD5.  That percentage increase in BOD5
concentration was nearly equivalent to the percentage increase in
cancentration of untreated effluent TON at the same point.! The
overflow BOD5 should have been less than the BOD5 of the untreated

effluent. Apparently, the 3-inch hydrocyclone's minimal additional
concentration of effluent BOD5 in the underflow caused the high
reading. The rather large standard deviations shown in Table 3
indicate the extreme variability af the effluent samples encountered
throughaut the course of the study. From sample type to sample type,
and from collection ta collection, na definite BOD5 recovery pattern
could be determined.

The results of total aerobic plate count  APC! determinations
 expresses as geometric means! for all four sample types are summarized
in Table 4. The mean Log10 APC of underflow 1 was elevated 1.4 log
units above the mean LoglO APC of the untreated effluent. The mean
Lag10 APC of underflow 2 was elevated an additional 0.17 log unit.
Those results were consistent with the project's hypothesis.

TABLE 4. SHRIMP PEELER WASTEWATER, LOG10 APC.

Log10 APC/ml
 Mean + SD!

No. of

TrialsSample Type

10

10

10
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Untreated Effluent

Underflow I

Underflow 2

Overflow

Untreated Effluent

Underflow 1

Underflow 2

Over flow

591 + 342

1387 + 1272

1395 + 1594

1038 + 647

3.72 + 0.67

5.13 + 0.96

5.30 + 1.09

4.78 + 0.57



However, the mean LoglO APC of the overflow remained 1.06 log
units greater than the mean Log10 APC of the untreated effluent.
Apparently, the 3-inch hydrocyclone's limited ability to additionally
concentrate microorganisms caused a greater number to report to the
overflow.

The smaller standard deviations associated with the aerobic plate
count organisms indicated that the recovery of miroorganisms was much
less variable  and therefore more reproducible! than the recoveries of
turbidity, TON, and BOD5. The microbiological recoveries noted in the
present study were also closely aligned with the microbiological
recoveries shown in the previous bench-scale phase of the study
 Perkins and Harper, 1988!.

The results of fecal coliform determinations  expressed as
arithmetic means! for all four sample types are shown in Table 5. The
number of fecal coliforms in underflow 1 was reduced to a level which

was 44X lower than the number of fecal coliforms noted in the untreated
effluent. However, the number of fecal coliforms in underflow 2 was
increased by 142K above the number of fecal coliforms found in the
untreated effluent. And, the number of fecal coliforms in the overflow
was increased by 277K above t the number of fecal coliforms in the
untreated effluent. Given the large standard deviations shown in Table
5, and the unpredictable recoveries of fecal coliforms, the pilot
system apparently exhibited little control on fecal coliforms.

TABLE 5. SHRIMP PEELER WASTEWATER FECAL COLIFORMS.

Fecal Coliforms/100 ml
 Mean + SD!

No. of

TrialsSample Type

In summary, the mean values of all parameters  turbidity, TON,
BOD5, Log10 APC, and fecal coliforms! were concentrated above untreated
effluent base levels in all underflow 1, underflow 2, and overflow
samples except one. Concentration of the chemical and microbiological
parameters was expected in underflow 1 and underflow 2. The
concentration noted in the overflow was not consistent with either the

system design or the project hypothesis.
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Untreated Effluent

Underflow 1

Underflow 2

Overflow

22.8 + 14.9

12.8 + 23.9

55.3 + 41.0

85.9 + 15.5
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The authors recommend that the shrimp byproduct recovery
technologies analyzed in years 1 and 2 be combined. Specifically,
hydrochloric acid should be injected into the system to assist with
coagulation of dissolved and suspended solids. Analyses of system
input and output flows should be conducted to calculate material
balances. A third 1 I/2-inch hydrocyclone should be installed to allow
for additional pilot plant test loop configurations. It is
hypothesized that shrimp peeler effluent treatment efficiency will be
increased, yielding more complete dewatering of solids and final
effluent clarification'
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INTRODUCTION

It has been found that crawfish develop a "mushy"
texture during cold storage. This textural defect has been
presumed to be due to degradation of structural proteins
and is most prominent in the first section of the abdomen
 tail!. The cause of this mushiness may be due to
proteinases from the hepatopancreas, muscle tissue, or a
combination of both.

Several proteinases have been found in the internal
organs of fish. Trypsins have been found in the pyloric
caeca of mackerel  Kim and Pyeun, 1986! and sardine
 Murakami and Noda, 1981!, in the gut of capelin
 Hjelmeland and Raa, 1982!, in the pancreas of catfish
 Yoshinaka et al., 1983a! and in the digestive tract of
various crustacea  Lee et al., 1980; Kimoto et al., 1983;
Zwilling and Neurath, 1981!. Chymotrypsins were found in
the pancreas of dogfish  Ramakrishna et al , 1987! and
catfish  Yoshinaka et al., 1981!, in the pyloric caeca of
sardine  Murakami and Noda, 1981! and mackerel  Kim and
Pyeun, 1986!, and in the digestive tract of krill and
various shrimps  Kimoto et al., 1985; Tsai et al., 1986;
Zwilling and Neurath, 1981!. Pepsin-like proteinases,
aminopeptidases and carboxypeptidases have also been
isolated from various internal organs of sardine  Noda and
Murakami, 19S1: Vo et al., 1983! and other fish species
 Osnes and Mohr, 1986; Osnes et al., 1986; Osnes and Mohr,
1985; Kimoto and Murakami, 1984!. Collagenolytic
proteinases were found in the catfish pancreas  Yoshinaka
et al., 1986a; 1987! and in the hepatopancreas of the
fiddler crab  Welgus and Grant, 1983; Welgus et, al., 1982;
Eisen et al., 1973!. Also, elastases were detected in the
pancreas of various sharks  Yoshinaka et al., 1986b!,
catfish  Yoshinaka et al., 1984; 1983b; 1982! and several
species of fish  Yoshinaka et al, 1985a: 19S5b!.
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Because of the wide range of proteinases that could be
present in the hepatopancreas of crawfish, it is difficult
to study the effect of enzymes on textural quality or the
effect of processing on their activity. Therefore the
long-range purpose of this research is to determine the
type of enzymes responsible for mushiness in crawfish
during refrigerated storage � C! and to develop
appropriate processing techniques to preserve the quality
of refrigerated crawfish. The objective of this initial
study was to isolate and characterize proteinases that
could be responsible for the degradation of the tail meat.

MATERIALS AND METHODS

The hepatopancreas of live crawfish was collected,
frozen immediately in a liquid nitrogen cabinet freezer and
stored at -85 C until use in crude enzyme extraction.

Four hundred ml of 1% sodium chloride solution
containing 1 mM Na2EDTA was added to 100 g of the
hepatopancreas and homogenized in a Waring blender for 30
sec. The extract was held at 30oC for 4 hrs to autoactivate
zymogens. The activated extract was centrifuged at 12,000xg
for 20 min at 4 C and the supernatant was filtered through
Whatman No.l filter paper. The supernatant was dialyzed
against distilled water overnight and centrifuged at
12,000xg for 20 min. The supernatant was considered the
crude enzyme solution.

Caseinolytic activity of the crude preparation was
measured by a modification of the method of Rick and Fritch
�974!. The assay mixture was composed of 0.75 ml of buffer
 using a pH range from 2.0-11.0!, 0.25 ml of 4% casein
solution and 0.05 ml of enzyme solution. The reaction
mixture was incubated for 30 min at various temperature
between 20 and 70oC. The reaction was stopped by addition
of 1.25 ml of 54  w/v! trichloroacetic acid  TCA! solution.
After standing for 30 min at room temperature, the solution
was centrifuged at 3,000xg for 15 min. To 0.5 ml of
supernatant was added 1.25 ml of 0.55 M sodium carbonate
solution and 0 ' 5 ml of 3-fold diluted solution of phenol
reagent. The mixture was incubated at 30 C for 20 min and
proteinase activity was determined by absorbance at 660 nm.
One unit of proteinase activity was defined as the
absorbance equivalent of 1 umole tyrosine produced per min
under experimental condition.

Purification of proteinase from crude enzyme solution
was undertaken by first employing ammonium sulfate
fractionation with 30-704 saturation. The suspension was
dialyzed against 0.01 M Tris-HCl buffer, pH 6.8 and
applied to a DKAE-Sephadex column �.6x40 cm! equilibrated
with the same buffer solution. The column was eluted with
a 2000 ml linear gradient ranging from 0 to 1.0 M sodium



chloride. The high proteolytic activity fraction  DEAEgl!
obtained by this chromatography was concentrated and
dialyzed against the same buffer, pH 6.8. The DEAEgl
fraction was rechromatographed using a DEAE-Sephadex A-50
column �.6x40 cm!, equilibrated with the same eluent and
the high proteolytic activity fraction  DEAE
! was
concentrated and dialyzed against 0.002 M phosphate buffer,
pH 6.8. The DEAE42 fraction was applied to a HTP-
hydroxylapatite column �.5x7 cm! equilibraed with the same
phosphate buffer, pH 6.8. The elution was performed with a
linear gradient from 2 to 200 mM phosphate buffer, pH 6.8.
The major peak  HTP! with caseinolytic activity was
concentrated and dialyzed against 0.01 M Tris-HCl buffer,
pH 6.8, containing 0.1 M NaCl. The dialyzed solution was
applied to a Sephacryl S-300 column �.5x90 cm!
equilibrated with the same buffer, pH 6.8. The fraction
 Sephacryl! with high caseinolytic activity was
concentrated with ultrafiltration and stored at -85 C until
use in subsequent characterization studies.

Protein concentration was determined by the method of
Lowry et al �951! using bovine serum albumin as a standard
protein. Electrophoresis was carried out according to the
method of Davis �964!. Molecular weight of the purified
proteinase was determined by Sephaacryl S-200 gel
filtration according to the method of Andrews �964!.

A preliminary evaluation of enzyme identity was
carried out using various inhibitors. The classes of
inhibitors used included: serine enzyme inhibitors,
diisopropylfluorophosphate and soybean trypsin inhibitor;
the trypsin inhibitor, tosyl-lysine-chloro-ketone; the
chymotrypsin inhibitor, tosyl-phenylalanine-chloro-ketone;
metalloenzyme inhibitors, ethylenediaminetetraacetate
 EDTA! and o-phenanthroline; the thiolenzyme inhibitor, p-
chloromercuribenzoate; and the acid protease inhibitor,
iodoacetate.

RESULTS AND DXSCUSS ION

The optimum temperature for activity of the crude
enzyme extract from crawfish hepatopancreas was found to be
50 C, with total loss of enzyme activity occurring between
70 and 75 C  Figure 1.!. The optimum pH was found to range
from 5.8 to 9.0  Figure 2.!. The pH results established
that one or more enzymes existed in the crude extract with
activity in the neutral to alkaline pH range, but activity
in the acid range was low. Therefore, it was decided to
concentrate on the enzyme or enzymes with activity in the
neutral to alkaline pH range.

The first DEAE-sephadex liquid chromatographic
analysis revealed only one fraction with significant
proteolytic activity. This fraction was purified through a
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series of susequent chromatographic separations  Table 1.!.
A purified enzyme extract was obtained with a 75 fold
increase in activity. The overall yield was approximately
12 4.

Using standard protein markers with gel filtration
analysis, it was established that the approximate molecular
weight of the purified proteinase was 17,000 D  Figure 3.!.
Inhibitor analysis established that the enzyme was most
probably a trypsin-like serine protease  Table 2!.

This preliminary study established the existence of a
major protease with optimum activity in the alkaline pH
range. Preliminary identification as a serine proteinase
will enable a more extensive study of its properties.
Also, a purification scheme has been established, which
will allow further study of processing effects on purified
enzymes and possibly allow large scale recovery procedures.
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Table 1. Summary of purif ication f or isolation of protease f rom cravf ish
hepatopancreas.

Specific
gi~i~r

Fraction Relative
Purity

~~me
 ml !  mg/ml !

 I.U.!

1001.0200

3.520

4825. 4

35.8

44.9

Sephacryl 74.9 12

DZAE-cellulose  DEAE!
Hydroxyapatite  HTP!

4.6

0 45
F

4.4 GEN

M 4.3

W 4.2

4.4

0.20 0.25 0.30 0.35 0.40 0.45 0 50 0.55 0.60

Kav

Ficrure 3. Estimation of molecular weight of purified enzyme.
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Crude

Salted

DKtLX4 1

DZAEg 2

4.9

L 48

G

1. 25

2.40

0.36

0.32

0. 36

0.34

0.20

0.68

4.96

6.99

8.75

1,4. 60



Table 2. Effects of enzyme inhibitors on activity of
purified protease.

Inhibitor

Serine

Serine 1 mg/ml

TLCKl Trypsin 62

TPCK2 Chymotrypsin 0. 34 mM 100

Metallo 63EDTA

Metallo 91

Thiol 95

Acid 106Zodoacetate

1Tosyl-lysine-chloro-ketone  TLCK!

2Tosyl-phenylalanine-chloro-ketone  TPCK!
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Diisopropyl-
fluorophosphate

Soybean trypsin
inhibitor

o-Phenanth-

roline

p-Chloromer-
curihenzoate

Concentration Relative
~A~vj ty
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