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SECTION I

INTRODUCTION

The United States is the third largest
consumer of seafood products in the world,
and shrimp is number two on the U.S. sea-
food consumption list at 1.4 kg/person
 NMFS 2000!. The U.S. currently imparts 66%
of its total edible seafood needs, approxi-
mately 1.8 x 10' metric tons  mt!, valued at
$10.1 billion  US!. Imported shrimp, of which
approximately half are aquacultured, account
for 3.4 x 10' mt, valued at $3.8 billion  US!
 NMFS 2000!. In 2000, forty-eight percent of
shrimp imports were shell-on heads-off
shrimp �.5 x 10' mt! valued at $1.8 billion
 US!, and thirty-three percent were peeled raw
shrimp �.3 x 10' mt! valued at $1.2 billion
 US!. Seventy percent of the imports came
from Thailand �1%!, Ecuador �%!, and Mexi-
co �3%!  NMFS 2000!.

The U.S. exports 10.0 x 10' mt of
edible seafood products valued at $3.0 billion
 US!, resulting in a fishery trade deficit of
$7.1 billion. Currently, 1.6 x 104 MT of
shrimp are exported with a value of $139
million  U.S.!  NMFS 2000!. As the upward
trend for seafood demand continues, the U.S.
must develop additional sources of high
valued seafood products or continue to suffer
high fishery trade deficits. A successful U.S.
shrimp aquaculture industry can help meet
domestic demands and reduce our fishery
trade deficit.

The aquaculture industry in the U.S. is
maturing and under increased scrutiny and
regulation. Thus, aquaculture producers
must be praactive and take the time to identi-
fy all potential risks associated with their
operations. An integrated risk assessment,
management, and communication approach
is necessary to minimize unintended conse-
quences from aquaculture. Aquaculture
enterprises should involve a holistic integrat-
ed approach addressing past, present, and
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future issues to ensure that aquaculture
neither causes nor gives the appearance of
contributing to unacceptable risks to animals
and the environment. This trend for in-

creased accountability of aquaculture with
respect to animal and environmental health
issues will continue  jahncke et al., 2001!.

Many disease episodes occur in con-
junction with introductions of non-indigenous
species. Recent episodes include the intro-
duction of Taura syndrome virus  TSV!, yellow
head virus  YHV!, infectious hypodermal and
hematopoietic necrosis virus  IHHNV!, and
white spot syndrome virus  WSSV! into shrimp
aquaculture facilities around the world. TSV
was identified in outbreaks in Hawaii, Texas
and South Carolina. YHV and WSSV were

found in a Texas shrimp farm  Lightner
1996a; 1996b!. Studies in the U.S. suggest
that native white shrimp may also be suscep-
tible to these viruses  Lightner 1999!. IHHNV
has been found in culture facilities and wild

stocks in North and South America and Asia

 Brady 2000!. The potential for disease
transfer, specifically shrimp viruses into
native wild stocks has been recognized by the
Texas Parks and Wildlife Department  TPWD!
as the single most serious resource manage-
ment issue  McKinney 1997!. Some natural
resource managers have even suggested
banning all live shrimp imports as a possible
method to control transmission of exotic

pathogens to native species  Iahncke and
Schwarz, 2002!.

Aquacuitured shrimp



Shrimp viral pathogens can be intro-
duced into the environment from several

sources. In addition to live animal-to-animal

transmission from production facilities,
shrimp processing plants also represent
potential transmission sources. An Environ-
mental Protection Agency  EPA! group on
shrimp indicated that there was a moderate
to high potential risk for the introduction of
viruses into the enviranment from untreated

shrimp processing plant effluent and solid
waste material. However, there was a low
potential risk for transmission of viable
viruses into the environment from effluents

and solids treated at municipal sewage facili-
ties  EPA 1998!.

Shrimp processing wastewater and
shrimp carapace waste material are all poten-
tial sources for transmitting exotic pathogens
to wild native populations. An average
shrimp processing plant can generate 3.8 x
10' liters/hour of wastewater, much of which
is discharged, often untreated, into bays and
estuaries. Yearly, thousands of metric tons
of shrimp carapace wastes are dumped into
bays or put into Iandfills. Leaching from
landfills into water systems and transmittal of
pathogens via birds feeding on carapace
wastes are all potential sources of contamina-
tion  EPA 1998!.

The absence of a logical risk manage-
ment plan to control shrimp viral pathogens
is a problem for the shrimp aquaculture
industry. The Hazard Analysis Critical Con-
trol Point  HACCP! system is a risk manage-
ment approach that has been accepted on a
worldwide basis to prevent major food safety
hazards. The Codex Alimentarius Commis-

sion has recognized the benefits of HACCP
for use as a global food-control system  Gar-
rett et al. 1997!.

mended that the HACCP concept be applied
to fresh water aquaculture programs in Asia
to control foodborne digenetic trematode
infections in humans  Santos 1997!. The
results in Vietnam showed that application of
MACCP principles ta silver carp Hypopthalm-
ichthys nwiitrix culture was effective in pre-
venting and controlling the human intestinal
parasite Cionorchis sinensis. Similarly, the
application of these principles to fresh water
aquaculture ponds in Thailand and Laas to
control parasitic Opisthorcis viverrini infec-
tions was also successful  Santos 1997!.

In the U.S., HACCP principles are also
being applied as a risk management toal for
a non-native oyster hatchery.
 jahncke and Schwarz 2002!.

HACCP

HACCP is a preventive risk manage-
ment system that requires a hazard analysis
to be conducted. Critical Limits  CLs!, maxi-
mum and/or minimum values, are set at each
Critical Control Paint  CCP! of the system. A
CCP is defined as a step at which control
must be applied to prevent, eliminate, or
reduce a hazard to an acceptable level. When
"real time" monitoring of CCPs reveals that
CLs are being violated, specific corrective
actions are taken to bring the system back
into compliance. A specific hazard analysis is
then performed on the system to evaluate the
next steps. Once the cause of the violation is
determined, a predetermined short-term fix is
immediately implemented and a long-term
solution is identified and scheduled for im-

plementation  Garrett et al. 2000!. These
activities are documented through corrective
action reports, including the deposition of all
non-complying items.

In addition to food safety, HACCP
principles can be used to control a variety of
non-food safety related hazards. The Food
and Agricultural Organization  FAO! and the
World Health Organization  WHO! also recom-
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HACCP TEAM

HACCP is a two-step
process. The first step is to
assemble a HACCP team

consisting of people with
Closed shrimp culture foci li ty

specific knowledge and
expertise of the operation.
The team describes the product, production APPLICATION OF HACCP PRINCIPLES
method, packaging, distribution, and intend- FOR AQUACULTURE
ed users of the product. Next the team
develops a flow diagram that describes the
operation, followed by on-site verification of
the flow diagram.

HACCP PRINCIPLES

The second step requires the team to
apply the seven HACCP principles.

1! To ensure receipt and production of
detectable LSP free shrimp;

2! To ensure detectable LSP free water
and feed; and

3! To treat the water and feed to elimi-
nate LSP

3
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By means of these
systematic monitoring and
surveillance procedures the
"nice" from the "necessary"
controls are separated so
that major errors can be
prevented. This allows
focusing of resources,
money, people, and equip-
rnent on essential elements

of the risk management
program.

HACCP principles were applied as a
risk management tool to control viral patho-
gens  listed specific pathogens-LSP! at shrimp
aquaculture production sites and at a shrimp
processing facility gahncke et al., 2001!.
Table 1 shows the hazard analysis for a
shrimp aquaculture production facility. The
operational flow diagram is shown in Figure
l. At each operational step and CCP, hazards
were identified and assessed, control mea-
sures and CLs were established, and moni-
toring procedures and record keeping re-
quirements were identified. Outsourced live
shrimp receipt, shrimp shipment {live and
finished product!, feed receipt, and incoming
water were identified as CCPs, as well as
effluent water at the pond growout step. The
preventive methods to control detectable
LSPs associated with shrimp, feed, and water
al e:



Preventive measures to control the de-

tectable LSP hazards associated with employ-
ees, animals, and equipment focus on:

1! Developing and implementing
employee training programs;

2! Following Good Agricultural Prac-
tices  GAPs!; and

3! Developing written detailed Stan-
dard Operating Procedures  SOPs!.

Appendix I provides a brief description
for a closed recirculating shrimp production
system. Figure 2 shows the flow diagram for
a shrimp production facility. Table 3 shows
the hazard analysis. Outsourced live shrimp
and shrimp shipment, prepared and live feed
receipt, and incoming water were identified
as CCPs. Preventive measures to control

detectable LSPs are:

1! Ensure receipt and production of
detectable LSP free shrimp;

2! Ensure detectable LSP-free water and
feed; and

3! Treat water and feed to eliminate
detectable LSP.

Preventive measures to control detect-

able LSP associated with employees, animals,
and equipment focus on:

1! Develop and implement employee
training programs;

2! Follow CAPs; and
3! Develop written SOPs for the

facility.

An abbreviated flow diagram for a
shrimp processing facility is shown in Appen-
dix II, Figure 3. Critical Control Points  CCPs!
include shrimp receipt, protein solids recov-
ery, transport of processing solids, treatment
of processing solids, and wastewater dis-
charge. Measures to prevent, eliminate, or
reduce to acceptable levels the hazards are:

1! Review of receiving records to
determine origin of shrimp;

2! Treat processing solid wastes on
site, or transport wastes in a leak
proof container to an off site treat-
rnent site;

3! Ensure adequate heating during
dehydration of solids for detectable
LSP inactivation;

4! Discharge effluents into a
municipal sewage treatment system;
OI

5! Filter and foam fractionate effluents
to reduce total solid concentrations

and reduce detectable LSP concentra-

tions.

CONCLUSIONS

HACCP principles provide a logical
step-wise approach to identify and control
animal and environmental hazards associated

with aquaculture production and processing
facilities. This management approach em-
phasizes process control and concentrates on
points in the operation that are critical to
animal and environmental safety.
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Shrimp maturation facility

BREEDING AND

8ROODSTOCK

PRODUCTION

The first step in
production is the
breeding and brood-
stock rearing facility.
In this facility, a small-

Vertical integration of shrimp maricul-
ture production has many advantages in
improving control over various aspects of the
production process. 0/ith the proliferation of
infectious disease and increasing attention to
biosecurity, control over stock quality is
crucial. An increasing body of literature
highlights recent advances and potential of
captive breeding programs that have been
developed for penaeid shrimp. Verticaliy
integrated shrimp production enhances the
patential far selective breeding and improved
control over stock health, factors which will
be increasingly important for risk manage-
ment and overall financial success. Produc-

tion phases need not be conducted at the
same geographic location. There are in fact
several advantages to separating various
phases of the production process. Logistical-
ly, transport of broodstock and larvae is
readily accomplished. Optimal water condi-
tions vary between production phases such
that a site optimal for larval production may
be poor in terms of growout. Maximum
biosecurity can be achieved thraugh isolation
of breeding, hatchery and production phases.
The following provides
a description of the
major components of
integ rated production.

scale maturation and larvai production center
is coupled with a broodstock rearing compo-
nent. The maturation system can be designed
to allow for maximum control over breeding
pairs. This requires effective tagging proto-
cols and maturation systems sized for better
control over mating rather than maximum
nauplii production. Although mating be-
tween families can be cantrolled in a conven-

tional maturation setup, precise control of
individual parents requires unisex culture and
artificial insemination. Therefore, larval
culture and nursery systems should be de-
signed to allow for a large number of batches
with relatively few larvae per batch. This
presents operational challenges very different
from a typical commercial hatchery or nurs-
ery system. Ease of aperation with large
numbers of small units and uniformity be-
tween units are key components. This is
especially crucial in the nursery phase where
shrimp are reared from PL to a taggable size.
Accurate and thorough tagging protacols,
although labor intensive, are crucial for
identification of progeny. Opportunities exist
for quality assurance and/or cross identifica-
tion using molecular technologies. The gro-
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Shrimp
maturation

facility

wout phase for broodstock is accomplished
most easily at low densities in large produc-
tion units with high levels of natural produc-
tivity. Ideally, production systems should be
situated in isolated locations to minimize
potential contamination from natural or
cultured shrimp. Broodstock production in
smaller indoor or enclosed units at higher
densities, where biosecurity can be main-
tained, has been demonstrated in areas
where outdoor culture would be prohibitive.
At each of these stages, the facility must be
designed with the strictest biosecurity proto-
cols possible to ensure adequate controls for
~ater, personnel and equipment. Contamina-
tion at this stage will affect all subsequent
stages. Introduction of viral pathogens in
broodstock can have profound effects in
Future generations. For example, IHHNV may
be asymptomatic if introduced in the growout
phase but if replicated through broodstock,
serious runt deformity syndrome may result.
Similarly, increased incidence of WSSV due to
vertical, rather than horizontal transmission
has been demonstrated. With investments in
and value of stocks increasing from genera-
tion to generation, risks associated with
contamination are highest at this phase of

7
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production.

MATURATION AND REPRODUCTION

Techniques for commercial scale repro-
duction of penaeid shrimp in captivity have
been well established for over the past 15
years. The basic components of the matura-
tion and reproduction facility include water
treatment, maturation tanks and spawning
tanks. Water treatment systems are designed
to provide the highest quality oceanic seawa-
ter. Particle filtration, activated carbon filtra-
tion, disinfection, temperature control and
addition of EDTA are typically employed.
Many systems utilize a recirculation loop to
reduce water usage, particularly in areas
where a higher degree of filtration and/or
temperature adjustment is necessary. Sim-
plicity seems to be an advantage in these
recirculation loops with avoidance of areas
where organic material can accumulate as a
key prerequisite. Spawning systems typically
require the best water quality and some
facilities add water-polishing steps for spawn-
ing tank water. While various designs have
been applied, large group spawning tanks
have been suggested as the most practical
for mass nauplii production. An egg washing



and disinfection stage and separate hatching
tanks have been incorporated at many facili-
ties ta reduce the potential for transfer of
pathogens between broodstock and larvae. If
properly designed, a high degree of isolation
can be maintained between broodstock and

larvae thereby eliminating extra-oocytic
vertical transfer of pathogens.

LARVAL CULTURE

Larval culture facilities typically consist
of water treatment, algae production, Ar-
temia hatching, larval rearing, and acclima-
tion/packing areas. Water quality require-
rnents and water treatment for larval culture

are very similar to that applied for maturation
and repraduction. Water of the highest quali-
ty is normally produced for the algal culture
area where axenic cultures are maintained.

Single celled algae including Chaetocerous,
Tetraselrnis and Skeletonema among others,
are normally produced for the earliest larval
stages. Freshly hatched Artemia cysts are
typically fed to larvae in later stages of devel-
oprnent. At same facilities these cysts or
freshly hatched nauplii are disinfected and/or
rinsed before introduction into larval culture

tanks. These natural feeds are usually supple-
rnented with one or more prepared micro-
particulate feeds. Many larval culture facili-
ties now culture bacteria, which are added to
the production tanks as a probiatic. Praduc-
tion tanks are typically designed to maintain
particles in suspension as much as possible
and a conical parabolic or U shaped tank may
be used. High levels of natural or artificial
lighting are typically encouraged. Some
facilities currently employ a two-stage pro-
duction strategy to maximize system efficien-
cy and ta provide optimal conditions for
larvae as they mature. In the two-phase
system, shrimp are transferred when they
rnetamorphase to post larvae and assume
more benthic behavior. I arger production
units may be used for the second phase in
which natural productivity of zooplankton
and periphyton are encouraged. Larval cul-
ture facilities are typically designed to allow

for periodic dry outs and cleaning and disin-
fection of water supply systems.

A nursery phase may be included be-
tween the hatchery and growout phases,
although in most operations post larvae are
stocked directly into ponds. Advantages of
the inclusion of a nursery phase include the
ability to head start shrimp in a more con-
trolled and biosecure enviranment, allowing
animals to reach a larger size before being
exposed to less controlled growout pond
conditions. Use of a nursery can allow for
more efficient use of production space as
animals can be held at higher densities dur-
ing the juvenile phase, freeing larger produc-
tion pond space. In areas with limited PL
production or short optimal stocking sea-
sons, nurseries can improve the outlaok for
larval availability and can be used to extend
the growing season if designed for enclosure.
Coastal nursery facilities need little water
treatment from a husbandry standpoint as
rich estuarine waters provide a high level of
natural productivity which can boost growth,
particularly that of young juveniles. This
presents a challenge for the operation of
biosecure nursery production units in areas
where serious excludable pathogens are
endemic, as treated water must be carefully
enriched before stocking. In addition to
natural productivity, formulated particulate
diets are normally offered. These may be
supplemented with live or frozen Artemia
during early production phases. Facilities
may vary from small tanks to raceways or
small earthen or plastic lined ponds. One of
the most important disadvantages of nurser-
ies is mortality associated with harvest and
transfer to growout ponds. This can be
reduced with effective design and operational
protocol s.
GRONOUT

Grawout facilities are typically large
earthen ponds open to the external environ-
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ment. As with nursery systems, natural
productivity is encouraged as a supplement
to formulated diets. As stocking density
increases and pond size decreases {produc-
tion is intensified!, the importance of natural
productivity decreases while the relative
nutritional contribution of prepared diets
increases. In general, water treatment for
pond systems is limited to settling and gross
particle filtration. Although there is ongoing
research to develop super-intensive biosecure
growout systems, consistent commercial

feasibility has yet to be demonstrated. Typi-
cally, water is pumped through the growout
pond during the production cycle to maintain
water quality, although the trend in the in-
dustry has been towards decreased water
use, particularly early in the growout cycle.
Elimination of water exchange in systems
with adequate supplemental aeration or very
low stocking densities has been demonstrat-
ed commercially. These practices can reduce
exposure to excludable pathogens or vectors
associated with exchange water. Harvest and
exchange effluent are normally discharged
into the environment. Problems with
eutrophication and cross infection between
farms can be minimized through effective
regional planning, site selection and farm
design.

SECTION II I

APPLICATION OF HACCP PRINCIPLES

9
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FOR A VERTICALLY INTEGRATED

SHRIMP MARICULTURE PRODUCTION

FACILITY

HACCP principles were applied as a
risk management tool to control exotic
shrimp viruses at aquaculture production
sites and shrimp processing facilities. Table
1 shows the hazard analysis for the shrimp
aquaculture pond production site. An opera-
tional flow diagram, preventive measures,
and CCPs are identified in Figure 1. For each
operational step and CCP, all hazards, control
measures for the hazard, monitoring, and
record keeping requirements have been
identified. Outsourced live shrimp receipt,
shipment of shrimp, prepared and live feed
receipt, and incoming water are CCPs, as well
as effluent water at pond growout. The
preventive methods to control LSP hazards
associated with shrimp, feed, and water are:

1! To ensure receipt and production of
LSP free shrimp;

2! To ensure LSP free water and feed;
and

3! To treat the water and feed to elimi-
nate LSPs.

Preventive measures to control LSP

hazards associated with employees, animal
vectors, and equipment focus on:

1! Developing and implementing em-
ployee training programs;

2! Following GAPs; and
3! Developing detailed written SOPs.

DEFINITIONS

HACCP: Hazard Analysis and Critical
Control Point

SOP: Standard Operating Procedure

LSP: Listed Specific Pathogen

SPF: Specific Pathogen Free

Critical Control Point: A step at which
control can be applied and is essential
to prevent or eliminate an animal or
environmental hazard, or reduce it to
an acceptable level.

Critical Limit: A maximum and/or mini-
mum value to which a biological,
chemical or physical parameter must be
controlled at a CCP to prevent, elimi-
nate or reduce to an acceptable level
the occurrence of an animal and/or
environmental hazard.

Monitor: To conduct a planned sequence
of observations or measurements to

assess whether a CCP is under control

and to produce an accurate record for
future use in verification.

Corrective Action: Procedures to be

followed when a deviation occurs.

Verification: Those activities, other than
monitoring, that determine the validity
of the HACCP plan and that verify the
system is operating according to the
plan.

10

HACCP in Shrimp Facilities



Table i. Hazard analysis of a vertically integrated shrimp production facility

IDPoIIIIII Nauru IIIRINcaII juatNiewfion Preentlve Ieasnres CCI'

Shrimp - receipt Shrimp may contain
detectable LSP

Yes

Shrimp - shipment Shrimp may contain
detectable LSP

SPF certNcate with every
shipment

Yes Yes

Incoming water Yes

Yes

Live feeds Yes Yes

ENuent may contain
detectable LSP

Effluent water Yes No

Yes'

Controlled by SOPs'Humans Yes Human vectors may
transfer detectable LSP

No

Animal vectors Animal vectors may
transfer detectable LSP

Controlled by SOPs'Yes

Facilities and equipment Yes Controlled by SOPs'

' SPF - Specific Pathogen Free
' LSP - Listed Specific Pathogen
' Pond Growout effluent and any other water not discharged into municipal water treatment systems
' SOP - Standard Operating Procedure
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Fresh frozen feeds,
prepared feeds,
Artemia cysts, and
ferblizers.

Water or waterborne

particles may contain
detectable LSP

Feeds, Artemia, and
fertilizers may contain
detectable LSP

Water or waterborne

particles with live feeds
may contain detectable
LSP

Facilities and equipment
may become contamina-
ted with detectable LSP

SPF' certification with every
receipt. Quarantineprocedures
and periodic testing for detectable
LSP'

Periodic testing for detectable
LSP, sentinel system,
disinfection of water

Certificate of compliance  COC!
ensuring detectable LSP free
feed fertilizers with every shipment.
Periodic testing of feeds for
detectable LSP

Certificate of compliance  COC!
ensuring detectable LSP free
feed fertilizers with every shipment.
Periodic testing of feeds for
detectable LSP

HACCP plan assures detectable
LSP free status in closed systems.
Water from closed systems will be
discharged into municipal water
treatment systems



Figure l. Opperational flow diagram for a vertically integrated shrimp production facility

Outsource � Shrimp  CCP!

Human & animal vectors  SOP!
Water  CCP!
Facilities and equipment  SOP!
Fresh frozen, prepared & live
feeds; Artemia; fertilizers  CCP!
Effluent

Shrimp  CCP!

Human & animal vectors  SOP!

Water  CCP!
Facilities and equipment  SOP!
Fresh frozen, prepared & live
feeds; Artemia; fertilizers  CCP!
Effluent

Shrimp  CCP!

4J
Vl

lA

CJ
Vl
0
U Human & animal vectors  SOP!

Water  CCP!
Facilities and equipment  SOP!
Fresh frozen, prepared & live
feeds; Artemia; fertilizers  CCP!
Effluent

Shrimp  CCP!

Human & animal vectors  SOP!
Water  CCP!
Facilities and equipment  SOP!
Fresh frozen, prepared & live
feeds; Artemia; fertilizers  CCP!
Effluent

Shrimp  CCP!

Human & animal vectors  SOP!
Water  CCP!
Facilities and equipment  SOP!
Fresh frozen, prepared & live
feeds; Artemia; fertilizers  CCP!
Effluent  CCP!
Shrimp  CCP!

CCP � Critical Control Point
SOP � Standard Operating Procedure
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CRITICAL LIMITS  CLs!

10

"Chang, P-S., L-J. Chen, and Y-C. Wang. 1998. The effect of ultraviolet
irradiation, heat, pH, ozone, salinity and chemical disinfectants on the
infectivity of white spot syndrome baculovirus. Aquaculture 166:1-17.
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WATER � MONITORING

What Who

Every
batch

UV bulb

intensity
Every
batch

Ozone con-

centration

Every
batch

Contact

time

"Oxidation Reduction PotentiaI

Residual

sodIum

hypochlor-
ite concen-

tration

How Frequency

Colorimetric

test and/or
spectro-
photometer

Monitor bulb

life, replace
as needed

ORP* or

ozone con-

centration

Determina-

tion

Flow rate or Every
batch holding batch
time

Facility
manager or

designee

Facility
manager or

designee

Facility
manager or

designee

Facility
manager or

designee
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CORRECTIVE ACTIONS

Where Corrective Actions

Feed

Water*

"Other disinfection procedures  e.g. chlorarnine, micro filters! may also
be appropriate

**Chang, P-S., L-J. Chen, and Y-C. Wang. 1998. The effect of ultraviolet
irradiation, heat, pH, ozone, salinity and chemical disinfectants on the
infectivity of white spot syndrome baculovirus. Aquaculture 166:1-17.
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Shrimp
receipt
and

shrimp
shipment

If an SPF certification does not

accompany incoming live shrimp,
reject shrimp and/or quarantine and
destroy if detectable LSP positive. If
outgoing shrimp test detectable LSP
positive, notify customer

If a COC indicating detectable LSP
free feed does not accompany
frozen/fresh feeds, reject shipment

If sodium hypochlorite concentration is
less than 100 ppm and contact time is
less than 10 minutes**, re-treat water

or

if UV radiation is less than 9x10~

pw,/cm' for 60 min.**, re-treat water
OI'

if ozone is less than 0.5 pg/mI for 10
minutes**, re-treat water
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FEED � VERIFICATION 4

RECORDS
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Verification Records

Check water
disinfection

monitoring records

~ Sodium hypochlorite
concentration and contact

time records

~ UV bulb life and contact

time  water flow rate!
records
~ Ozone concentration and

contact time records

Check calibration
recoIds

~ Spectro photometric
calibration records
~ Ozone generator
calibration records

Sentinel system Sentinel testing records

20
HACCP in Shrimp Facilities

WATER � VERIFICATION &

RECORDS



SECTION IV

SUPPORT INFORMATION FOR THE
HACCP MANAGEMENT PROGRAM

1.0 General information required from
the facility providing eggs, shrimp, or
live feeds.

l. l Description of biosecurity protocols
at the facility.

1.2 Description of all other aquatic spe-
cies held at the facility and any patho-
gens associated with these species for
the past two years.

1.3 Analytical testing protocols and re-
ports of analytical test results for rou-
tine surveillance disease monitoring of
eggs, shrimp, and/or live feeds at the
facility for the past two years.

1.4 Analytical testing protocols and re-
ports of analytical test results for dis-
ease outbreaks and routine disease
monitoring of eggs, shrimp, and/or live
foods for the past two years.

21
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1.5 Description of disinfection protocols
used to address disease outbreaks
within the facility within the last two
years.

1.6 Descriptions of disposition of eggs,
shrimp, and/or live foods following
confirmed disease occurrence during
the past two years.

1.7 Analytical testing results for certifica-
tion of SPF status.

Provide analytical data to verify
the SPF status of eggs, shrimp

: andj'or live foods. Basic .
information that is required in-
cludes identification of the
'testing !aboratory, a Ilstlng of
the pathogens tested, a listing
of the specific analytical tests
performed, procedures 'for
conducting the tests, sampling
protocols and testing frequen-
cy, etc. 5ee Section 5.0!.



Shrimp pond
wirh
paddlewheel
aeraEIon

2.0 Egg and Shrimp Acquisition

2.1 Source History

2.1.1 Description of the geographic
source of eggs and shrimp.

l i' o dia.geojri jh cciiicip-
~ tion, including the longitude
! and latitude, of the location s!
l where the eggs and/or shrimp
I were harveste'd or held,

2.1.2 Description of any disease occur-
rences within the past five years in the
region or past two years in any facility
from which the eggs and shrimp were
collected or held for any period of time.

List all documented dIsease
occurrences for shrimp'.and/oi.
eggs that occurred in the reg-

! ion or at the facility, where the
! "eggs arid/oi shrimp weri ha'r-:
! vested, held, reaied or hitched.

Include d6cumentatIon on any
' confirmed diseise outbreak for

any aquatic species from the
! region during the past 2 years.
l...

2.1.3 Description of transport procedures
for eggs and shrimp  e.g., any interme-
diate transfer from original source!.

I Describe how the eggs and/or !
i shrimp were packaged and: '
I transported. If the eggs and/
'.. or shrimp were temporarily:: !
i held at an intermediate Iocationl
I durirIg harvest and.tra'disport,
i include Information on the
! facility, or intermediate hold-
' ing site  See Section 1'.0!.- ..- ' '.I

3.0 Live Feed Acquisition

3.1 Source History

3.1.1 Description of the geographic
source of the live feeds.

j Provide a'geographIc descrip-
I tion, incIudIng the lorigitude
~ and latitude, of the locition s!
I where the live feeds were har-
I vested or held.
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APPENDIX I

HACCP PLAN FOR A COMPLETELY
CLOSED RECIRCULATING MARINE
SHRIMP AQUACULTURE FACILITY

See the HACCP Plan developed for the
Vertically integrated Shrimp Mariculture
Production Facility.

Except for the pond grow out step, the
HACCP plan for the RAS facility is identical to
the vertically integrated marine shrimp mari-
culture production facility. Water from grow
out ponds are normally discharged into the
environment and thus the growout pond
water effluent is a CCP. In this example,
water effluent from the RAS facility is dis-
charged directly into a municipal sewage
treatment system. However, if water effluent
is not discharged into a municipal treatment
system, the water effluent is a CCP.

SHRIMP PRODUCTION IN CLOSED
RECIRCULATING AQUACULTURE
SYSTEMS

Recent advances in biological and nutri-
tional requirements of Penaeid species in
conjunction with improvements in recirculat-
ing aquaculture systems  RAS! has improved
the potential far culturing marine shrimp
species in completely closed production
systems. However, the high stocking densi-
ties and eutrophic culture canditions assaci-
ated with RAS provide an optimum environ-
ment for pathogen growth and survival.
Thus, due diligence must be practiced to
ensure optimum water quality in order to
minimize stress and disease outbreaks in
cultured shrimp.

Recirculating aquaculture systems  RAS!
can be defined as a collection of parts and
devices used in the growing of aquatic organ-
isms in which water is continually cleaned
and recycled. They are a collection of devices

used in the husbandry of aquatic organisms,
and are analogous to swine barns or broiler
houses. They allow multiple reuse of water
within a tank system, allowing high-density
production in a limited space.

There are several inputs that are critical
for the successful culture of shrimp in RAS.

Water: The water is critical as diseases,
toxins and other contaminates may be trans-
ferred by the water. It is recommended that
RAS facilities are sited where clean, potable
and suNcient quantities of groundwater is
available. In additian, any water effluent
dischared from the production facility should
go through a municipal water treatment
system, or an equivalent type system, before
being released into the environment.

Feed: Feed is also a critical component
in the production of shrimp in RAS. Feed
must be certified as specific pathogen free
 SPF!. It must also be comprised of high
quality ingredients and be nutritionally com-
plete for all stages of shrimp production.

Outsourced Shrimp: Shrimp brought into
the production facility from an outside suppli-
er must have accompanying documentation
and testing results to ensure receipt of SPF
free shrimp. In addition, quarantine and
analytical testing protocols must be in place
at the receiving facility to ensure acceptance
of only SPF shrimp.

GROWOUT PRODUCTION SYSTEM

The shrimp production system described
in this section is designed to minimize con-
struction costs and maximize production
capabilities. The prototype tank has 3.8
cubic meter capacity with an additional 0.4
cubic meters for the water treatment equip-
ment. Double drain technology is used with a
water flow of 98 I/min via airlift manifolds
from the culture tank directly to air driven
Rotating Bia Contactors  RBCs!. The used
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water effluent travels from the double drains

 water flow rate of 98 I/min! into a swirl
separator �0 min. retention!, followed by a
custom designed protein skimmer treatment
 gas flow rate of 10 I/min!. [Nate: the skim-
rners ran be operated with injected ozone.
Approximately 25 g of ozone is used per kg
of feed. The amount of ozone in the system
is monitored using oxidation/reduction
potential �/R! controllers.] The water returns
to the RBC and then back into the culture

tank via an air lift manifold. The water is

turned over every 36 min. The RBC has a 929
sq. cm surface area and is self cleaning.

PRODUCTION SYSTEM OPERATION

The water quality in RAS should be moni-
tored daily. Water quality parameters that
should be monitored daily include: ammonia,
nitrite, nitrate, pH, alkalinity, temperature,
dissolved oxygen, etc. If ozone is used in the
system, additional testing for ORP, total
chlorine should also be conducted. The swirl

separator is drained and refilled once per
day, and water movement is via airlifts.

HARVEST

The day prior to harvest, feed is withheld
to allow the shrimp to evacuate their diges-
tive tracts. The harvested shrimp are imme-
diately chill killed, and then sorted by size in
a refrigerated packing house. The shrimp are
iced, boxed and then shipped.
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Table 2. Hazard analysis shrimp RAS production facility

JustificationSignificantID Potential
Hazard

Preventive
Measures

CCP

Shrimp � receipt Yes Yes

Shrimp may con- SPF certificate with every
tain detectable shipment
LSP

Shrimp - shipment Yes Yes

Incoming water Yes Yes

Yes Yes

Live feeds Yes Yes

Effluent water No

Yes'
Yes

Controlled by SOPs4 NoYesHumans

Controlled by SOPsAnimal vectors NoYes

Facilities and

equipment

Controlled by SOPsYes

'SPF - Specific Pathogen Free ' -Only if water is not discharged into a municipal water
'LSP - Listed Specific Pathogen treatment system

4SOP - Standard Operating Procedure
29
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Fresh frozen feeds,
prepared feeds,
Artemia cysts, and
fertilizers

Shrimp may
contain detect-
able LSP

Water or water-

borne particles
may contain
detectable LSP

Feed, Artemia,
and fertilizers
may contain
detectable LSP

Water or water-

borne particles
with live feeds
may contain
detectable LSP

ENuent may
contain detect-
able LSP

Human vectors

may transfer
detectable LSP

Animal vectors
may transfer
detectable LSP

Faciiities and equip-
rnent may become
contaminated with
detectable LSP

SPF' certification with every
receipt. Quarantine procedures
and periodic testing for
detectable LSP'

Periodic testing for detectable
LSP viruses, sentinel system,
disinfection of water

Certificate of Compliance  COC!
ensuring detectable LSP free feed
with every shipment. Periodic
testing of feeds for detectable LSP

Certificate of Compiiance  COC!
ensuring detectabie LSP free feed
with every shipment. Periodic
testing of feeds for detectable LSP

HACCP plan assures detectable
LSP free status in closed sys-
tems. Water will be discharged
into municipal water treatment
systems.



Outsource � Shrimp  CCP!

CCP � Critical Control Point
SOP � Standard Operating Procedure
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Figure 2. Operational flow diagram closed recirculating shrimp production facility.
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APPENDIX II

REFERENCE

Shrimp processing wastewater and
shrimp carapace waste material are all poten-
tial sources for transmitting LSP to wild native
shrimp populations. An average shrimp
processing plant generates approximately 3.8
x 10' liters/hour of wastewater, much of
which is discharged, often untreated, into
bays and estuaries. Yearly, thousands of
metric tons of shrimp carapace wastes are
dumped into bays or put into landfills.
Leaching from landfills into water systems
and transmittal of pathogens via birds feed-
ing on carapace wastes are all potential
sources of contamination  EPA 1998!.

An EPA shrimp processing group indicat-
ed that there was a moderate to high poten-
tial risk for the introduction of detectable LSP
into the environment from untreated shrimp
processing plant effluent and solid waste
material. However, there was a low potential
risk for transmission of detectable LSP from
processing plant effluents and solid waste
material treated at municipal sewage facilities
 EPA 1 998!.

An abbreviated flow diagram for a
shrimp processing facility is shown in Appen-
dix ll, Figure 3. Critical Control Points in-
clude shrimp receipt, protein solids recovery,
transport of processing solids, treatment of
processing solids, and wastewater discharge.
Measures to prevent, eliminate, or reduce to
acceptable levels the hazards are:

1! Review of receiving records to
determine origin of shrimp;

2! Treat processing solid wastes on
site, or transport wastes in a leak
proof container to an off site treat-
ment site;

3! Ensure adequate heating during
dehydration of solids for detectable
LSP inactivation;

4! Discharge effluents into a
municipal sewage treatment system;
or
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5! Filter and foam fractionate effluents
to reduce total solid concentrations

and reduce detectable LSP concentra

tions.

Environmental Protection Agency  EPA!.
1998. Report on the shrimp virus peer
review and risk assessment workshop.
Developing a qualitative ecological risk
assessment. Eastern Research Group Inc.
110 Hartwell Avenue, Lexington, MA
02173. 0/ork assignment No. 1-06, Un-
der Contract No. 68-C6-0041. June 30,

1 998.



Figure 3. Example of a condensed operational flow diagram for a
shrimp processing company.

Processing

SolidsWater

Backwash Sewer

Skimm ate Sewer

CCP � Critical Control Point

Receiving Shrimp
 CCP!

Coarse

screening

Fine

screening

Foam fraction
-ation

Discharge
 CCP!

Drying
 CCP!

Product recovery
 CCP!
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For more information, contact

Michael Jahncke, Ph.D.
Director / Associate Professor
Virginia Seafood Agricultural
Research & Extension Center

Virginia Tech

102 S. King Street
Hampton, VA 23669

Phone �57! 727-4861
Fax �57! 727-4871

e-mail:mjahncke@vt.edu
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