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Hudson Valley and Ireland.
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Preface

THE ConsumERr REPORTS Food Safety and Sustain-
ability Center is committed to ensuring that con-
sumers have access to a fair, just, and safe food system.

The center works in many domains, and one of its
core goals is to eliminate the inappropriate use of anti-
biotics and other chemicals in the food system.

We tested shrimp for bacterial contamination, antibi-
otic resistance and antibiotic residues. While we found
low antibiotic residue levels, the use and presence of
antibiotics in shrimp production is a public health
concern because heavy antibiotic use accelerates the
selection for antimicrobial resistant bacteria which are
then present in the product, production, and environ-
ment where they are raised. When those bacteria infect
people, the infection can be more difficult to treat.
Given that no antibiotics are approved for use in the
U.S. for shrimp production, it is concerning that 5% of
the imported shrimp we tested had illegal antibiotic
residues.

The current investigation looks at the interconnec-

tion of food safety and sustainability, with a focus on
the use of drugs and chemicals in shrimp production.

Introduction

IN THE U.S., shrimp is the single most
popular seafood item, accounting for
3.6 of the 14.5 pounds of per capita sea-
food consumption.! In 2013, 1.1 billion
pounds of shrimp sold in the U.S. were
imported from foreign aquaculture oper-
ations, representing $5.3 billion.? In order
to increase levels of production, intensive
systems have been developed to raise
shrimp. As the name suggests, those oper-
ations produce more shrimp in smaller
spaces and do so by adding feed as well as
avariety of antibiotics and pesticides to
limit the growth of bacteria and parasites
that can cause disease in crowded condi-
tions.? The systems can also be subject to
complete collapse when disease overtakes
them.* In addition to creating poor con-
ditions for the shrimp themselves, those
types of unsustainable systems can cause
many public health problems, including
harm to the environment and to workers,
and the overuse of antibiotics, including
those critical for human medicine.’

Though many other countries allow the
use of antibiotics in shrimp farming 67”8,
no antibiotics are approved by the U.S.
Food and Drug Administration (FDA) for
use in shrimp farming. The FDA does
permit licensed veterinarians to prescribe
some antibiotics for use in shrimp farm-
ing in the U.S. (through a mechanism
known as extra-label use®) and residue
tolerances are applied to domestic, farmed
shrimp. However, the FDA does not
permit any antibiotic residues for import-
ed shrimp. If the FDA finds residues of
any antibiotics in just one sample from an
imported shipment, the whole shipment
would be rejected. Unfortunately, the FDA
conducts laboratory testing on very few
samples. In fact, in 2014, only 0.7 percent
of shrimp import lines were tested.

As is the case in any situation in which
antibiotics are used, it has been shown that
the use of antimicrobial agents in shrimp
farming can select for bacteria resistant to
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the drugs used as well as to similar anti-
microbials in the same class of drugs.!°
Antimicrobial resistance is a major public
health crisis. The national Centers for
Disease Control and Prevention (CDC),
the World Health Organization, and other
medical organizations have stated that
drug-resistant bacteria are currently a
bigger threat to world health than AIDS,
and the CDC’s Threat Report 2013 states
that a minimum of 2 million illnesses and
23,000 deaths annually can be attributed
to antibiotic resistance in the U.S.!

Chemical- and drug-intensive shrimp
aquaculture systems are not sustainable.
The use of chemicals and drugs is a short-
term, band-aid solution for problems that
occur due to overcrowding, poor manage-
ment and inadequate hygiene. Conditions
that give rise to higher bacteria prevalence
and more antibiotic-resistant bacteria
have other adverse effects on public and
environmental health.

In order to illustrate the problems with
shrimp production, we report here the
results of our extensive testing of retail
shrimp for bacteria, antibiotic resistance
in bacteria present, and drug residues. We
will also discuss the conventional practices
for raising shrimp and how the FDA regu-
lates imported shrimp.

We believe that farmed food should be
produced in a way that does not rely on
drugs and chemicals to maintain health. A
sustainable farming system relies on good
hygiene and health-promoting manage-
ment practices, rather than on chemicals
and drugs that mask underlying prob-
lems and can adversely impact the envi-
ronment, public health, and ultimately
personal health.

It is possible to raise shrimp in a more
sustainable manner. This report, by dis-
cussing test results and reviewing labels
found on shrimp, will help readers find
more sustainably produced shrimp.
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Where Do Shrimp Sold in the U.S. Come From?

Origin
ACCORDING TO THE FDA, “shrimp imports rep-
resent 94 percent of total shrimp consumed
in the United States,” and “the vast majority of
shrimp comes from aquaculture operations in
Asian countries.”? In 2014, about 78 percent of the
total import volume to the U.S. came from the
following five countries: India, Indonesia, Ecua-
dor, Vietnam, and Thailand (Figure 1).1¥ Country
of origin labeling (COOL) has been required for
seafood since 2005, and as a result consumers are
often able to determine where the shrimp they
purchase comes from based on the label.'*1*

Processing

Import data from the Department of Com-
merce indicates that the majority of imported
shrimp arrive frozen.!s In 2014, frozen shrimp
represented 78.8 percent of all imported shrimp;
prepared shrimp (canned, breaded, or otherwise
prepared—and also usually frozen) accounted for
20.9 percent and fresh shrimp accounted for only
0.3 percent of imports. Frozen shrimp are sold
in two forms: raw (uncooked) and cooked. In the
latter form, shrimp are considered a ready-to-eat
food, which has different implications for food
safety. All types of shrimp come in a variety of
“cleaned” states, including shell on, deveined with
shell intact (EZ-Peel), and completely peeled and
deveined.

Influences on Availability

The supply of retail shrimp can vary due to the
year-to-year influences of disease and the envi-
ronment.” For instance, there are a variety of sig-
nificant shrimp diseases that have had document-
ed catastrophic effects on aquaculture operations
in some countries. White spot syndrome virus,
which causes wasting and high mortality among
shrimp, is highly contagious and has led to inter-
mittent collapses within the industry, particularly
in East and South Asia, beginning in the early
1990s.1% 1 More recently, the industry has been
plagued by outbreaks of the emerging shrimp
disease Early Mortality Syndrome (EMS) that
causes hepatopancreatic necrosis in shrimp, likely
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due to ingestion and gastrointestinal tract coloni-
zation by a unique strain of Vibrio parahaemolyticus
that produces a toxin.?° Though Vibrio bacteria
exist naturally in many water sources, the dev-
astation caused by EMS is likely enabled by the
environmental stresses associated with large-scale
shrimp farming.?! EMS first caused large-scale
die-offs among shrimp farming operations in
Asia in 2010, and as recently as the spring of 2014
has been detected or appears to have impacted
production in Thailand, Malaysia, Vietnam, and
Mexico.?> 2324 Additionally, unfavorable weather
has been reported as a problem influencing the
ability of farming operations to meet expected
yields.? Environmental conditions can have sig-
nificant effects for capture fisheries, as well.26- 2

China Mexico
(Mainland) A 4%
6%

Figure 1. Percent of 2014 shrimp import volume to U.S.

Shrimp and Sustainability—
Why Our Choices Matter

S WITH OTHER foods, our choices matter
when we buy shrimp.

Whether the shrimp we eat are harvested from
the wild or farmed (70 percent of worldwide
shrimp production is farmed),? the fisheries and
farms that bring us shrimp rely on and interact
closely with the natural environment, workers,
and communities. There are different ways to fish
and farm shrimp—and many choices that fish-
eries and farmers make impact people and the
environment.

For wild shrimp, for example, fishing vessels
can use nets that will catch everything in their
path, including endangered species such as turtles
that can be injured or killed in the process. Or
the nets can be outfitted with devices that allow
creatures larger than shrimp, including turtles,
to escape and remain largely unharmed. In the
U.S., federal law requires that fishing vessels, with

some exceptions, in the Atlantic or Gulf must

be equipped with an approved turtle exclusion
device (TED) in each net.?° However, a state law in
Louisiana prohibits state officials from enforcing
the federal law in that state.

Shrimp farmers can also make choices that
impact the environment and local communities.
They can focus on maximizing the production
of shrimp, increasing their numbers in ponds to
levels that create crowded and unsanitary con-
ditions, which then increases the animals’ vul-
nerability to disease, leading in turn to the need
for antibiotics, chemical disinfectants, and other
drugs that can have serious ramifications for the
environment and public health. Or farmers can
choose a more sustainable system without drugs
and chemicals, and carefully manage the shrimp
in biologically diverse systems at densities that
maintain health.

CONSUMER REPORTS Food Safety and Sustainability Center 7 %
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AQUACULTURE/FARMED SHRIMP

Aquaculture is the farming of aquatic species.® When shrimp is labeled “farmed” or “farm-raised,”
it means that the shrimp were raised in captivity, in ponds or tanks. In warm climates, shrimp
farming often takes place outdoors. In colder climates, shrimp farming can take place indoors in
smaller tanks in climate-controlled spaces.®' Depending on the system, shrimp ponds can range
in size from less than 0.1 acre® to as large as 74 acres outdoors,*® and are generally 0.25 to 2.5
acres.® The ponds can be stocked with post-larvae (young shrimp) that are captured from the
wild or from commercial hatcheries.® Shrimp ponds used to be located primarily in coastal areas,
but today, due to the cost of coastal land and environmental concerns, many shrimp farms have

moved inland.%®

Systems and Trends in Shrimp Aquaculture

The general trend in shrimp farming parallels that of land-based animal agriculture: beginning with
raising animals at low densities in farms that mimic their natural habitat and use minimal outside
inputs, giving way to more intensive cultivation at higher stocking densities focused primarily on
producing shrimp, requiring considerable outside inputs to maximize yields and maintain the
system.®” Though crowded monoculture farms may maximize yields in the short term, they raise
concerns about the overall health, long-term viability and sustainability of shrimp production.

Sustainable food systems can meet the needs of today’s generation without sacrificing the abil-
ity of future generations to meet theirs. That means that sustainable farms aim to preserve natural
resources and reduce waste and pollution. Just as importantly, sustainable farms promote health,
self-reliance, and resilience on the farm. Sustainable systems must also be economically and
socially just, and worker welfare is another critical cornerstone of sustainability.

As is the case with all types of food, there are many different systems of shrimp farming.
Understanding the type of shrimp production systems is essential to framing the most important
environmental and social concerns associated with shrimp farming. The different ways of farming
shrimp are roughly categorized, and briefly summarized, as follows:

Extensive System

The traditional way of raising shrimp is known
as an “extensive system.” In this system,
shrimp larvae are introduced into large outdoor
ponds, where they grow gradually by feeding
on algae, small benthic plants and animals,
and plankton that appear naturally in the
water.® The system involves very little manage-
ment or inputs. Stocking densities in extensive
systems are low, and so are the yields.% 40

Semi-Intensive System

In the mid-1970s, feed companies began
experimenting with supplemental feeding in
extensive systems, which gave rise to the
semi-intensive system.*' In a semi-intensive
system, farmers feed the shrimp once or twice
per day and raise the stocking densities.*? The
higher stocking density requires more manage-
ment, such as refreshing the water, in addition

to outside sources of feed.*® Other outside
inputs and management practices can be in-
troduced, from pesticides to drugs to chemical
disinfectants.** As stocking density rises, so do
the yields.*

Intensive System

Intensive systems aim for maximum produc-
tivity. Intensive systems are generally in small-
er-sized outdoor ponds (0.25 to 2.5 acres) with
higher stocking densities.“® In this type of sys-
tem, the shrimp density exceeds the availability
of natural sources of feed in the water, and

the shrimp must be given a formulated feed
three to five times daily to meet their nutritional
needs.*” The stocking density also exceeds the
natural oxygen supply in the water and the abil-
ity to absorb waste, so intensive ponds need
careful and constant intervention by the shrimp
farmer to maintain appropriate levels of oxygen

in the water, prevent buildup of harmful waste,
and prevent disease.*®

This type of system is heavily reliant on
outside inputs, including feed, drugs, and
disinfectants. Intensive systems have been
shown to be more fragile and prone to disease
outbreaks and collapse. As shrimp industries
in Asian countries moved to intensive systems,
a boom-and-bust pattern emerged as Taiwan,
China, Thailand, and the Philippines all expe-
rienced total collapses of their national shrimp
industries in the 1980s and 1990s.4°

Super-Intensive System

There is a relatively new system of farming
shrimp that is growing in popularity in plac-
es with colder climates that do not support
outdoor shrimp farming: a super-intensive
system.®® A super-intensive system generally
takes place in indoor tanks in climate-con-
trolled spaces.®" Stocking densities can be
very high—higher than in intensive outdoor
systems—and yields can be as high as 60,000
pounds per acre.*

Recirculating Aquaculture
Systems (RAS)

Recirculating aquaculture systems (RAS)

raise shrimp in tanks and use a water filtration
system to continuously clean the water for
reuse.®® Water can be filtered with mechanical
filters or biological filters (“biofilters”). Biofil-
ters are a combination of bacteria, algae, and
other organisms that metabolize the pollutants
in the water and thereby clean it.>* Because
water is recirculated, it means there is reduced
use of freshwater,% which is a valuable natu-

ral resource, and reduced amounts of waste
released from the farm;% however, RAS do
require the use of electricity.

RAS can be located indoors or outdoors,
depending on the climate.®” They can be less
dependent on drugs and chemical inputs
because water is continuously cleaned and
the closed system keeps out potential patho-
gens.®® If managed with a focus on sustain-
ability, for example by using renewable and
nonpolluting sources of energy to supply the
water pumps and organically grown feed, recir-
culating farms can be sustainable.

Hatcheries and Nurseries
Regardless of the type of system used —ex-
tensive or intensive—many shrimp farms have
shifted from sourcing young shrimp from the
wild to sourcing from hatcheries.®® Sourcing
from hatcheries means that wild young shrimp
(post-larvae) and the sensitive coastal habi-
tats where shrimp spawn are left undisturbed
for the purpose of stocking shrimp farms.®°
One reason that shrimp farms source from
hatcheries and nurseries is to help prevent
the introduction of disease into the ponds.®'
Shrimp farmers can buy juvenile shrimp from
nurseries that are “Specific Pathogen Free”
(SPF) certified, which means that the shrimp
have been screened and determined to be
free from specified pathogens (most typically
those are viruses and parasites) of concern to
shrimp farmers.®? Hatcheries and nurseries can
also be intensive operations that use drugs
and chemicals to prevent disease, and some
of the sustainability issues outlined below apply
to shrimp hatcheries and nurseries as well as
“grow-out” ponds.5% 4
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Shrimp Farming and
Sustainability

Sustainability is a complex issue,
and there is no one way to mea-
sure it. Neither is there a single
system that is inherently and
absolutely sustainable. Some
concerns, including the destruc-
tion of important ecosystems
such as mangroves or wetlands
to make room for shrimp farms,
can happen whether the farm is
an extensive polyculture system
or an intensive monoculture
system. Indoor and inland
ponds, which do not directly
impact coastal ecosystems, can
be heavily dependent on formu-
lated feed, which can indirectly
affect coastal areas from the
synthetic fertilizers, pesticides,
and other pollutants in the
runoff from the farms that grow
the shrimp feed ingredients. It is
therefore not possible to neces-
sarily generalize that one type

of system is always sustainable
or not.

Yet, in many ways, some
systems are more sustainable
than others. Systems that are
heavily dependent on outside
inputs are generally not sus-
tainable. Increasing stocking
densities and reducing biolog-
ical diversity can lead to con-
ditions that promote disease,
waste, and pollution. Improving
sustainability of food-produc-
tion systems happens along a
continuum. Steps can be taken
to improve the sustainability of
shrimp production, starting with
choosing a system that is more
likely to be resilient and self-re-
liant, then taking individual
steps to ensure that the farm is
managed in ways that promote
sustainability, environmental
stewardship, worker welfare, and
animal welfare.

For the purpose of under-
standing and comparing labels

44

on shrimp, we have reviewed
measurable sustainability
attributes below. We acknowl-
edge that there are many more
sustainability measures, but we
chose these attributes as espe-
cially important. After discuss-
ing the individual elements
below, we will compare how
four certified labels on farmed
shrimp address these particular
sustainability issues.

Diversity and Polyculture
Monoculture refers to a farming
system that raises one partic-
ular crop, whereas polyculture
systems raise two or more crops
in an interconnected farming
system. Traditionally, extensive
farms were not monoculture
operations that focus exclusive-
ly on shrimp production (as
many are today),% but polycul-
ture operations, farming two

or more species.®® Polyculture
pond farming can mix shrimp
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farming with tilapia, milkfish,
barramundi, mussels, clams,
crabs, and seaweed.?’

Polyculture farms harness the
natural behavior and functions
of different types of organ-
isms to create a more balanced
system, which reduces depen-
dence on outside inputs and can
reduce waste and pollution. Like
a monoculture system, polycul-
ture systems still require a lot of
management if they are to be
sustainable, but they are man-
aged in different ways and based
on different principles. Shrimp
yields on polyculture farms are
generally lower than on inten-
sive monoculture farms, but the
farmer generally requires fewer
inputs (lowering costs), can use
or sell other crops produced on
the farm, and is less suscepti-
ble to total losses from disease
outbreaks.®

One type of shrimp polycul-
ture farm is a shrimp-tilapia
farm. The tilapia in a shrimp
pond can reduce the presence of
parasites,® promote beneficial
algal blooms,” reduce accumu-
lation of waste,” and consume
diseased or dead shrimp.”
Those factors may also contrib-
ute to preventing illness in the
shrimp.”

Diverse systems can also be
more economically sustainable.
Though polyculture farms have
lower shrimp yields compared
with intensive farms, there are
other benefits to the farmer.
The system promotes health
and reduces diseases, thereby
reducing the need for chemicals
and the costs of sourcing those
inputs.” Also, if prices drop for
one type of crop or if a farmer
loses one type of crop to disease,
the losses can be weathered
more easily in a diverse system
than in a monoculture system.”

More farmers are choosing
polyculture over monoculture

as one of many ways to
make shrimp farming more
sustainable.”

Stocking Density
Like other complex living
organisms, shrimp become
more susceptible to disease
when they are raised in crowded
conditions.” Viruses or bacteria
that would not otherwise harm
shrimp can lead to disease and
mortality when the animals are
stressed from crowding, poor
water quality, and/or poor nutri-
tion.”® ™ Poor water quality can
also result from the accumula-
tion of waste and depletion of
oxygen, which can result from
high stocking densities and poor
management. Keeping shrimp
healthy in outdoor ponds with
high stocking densities is a chal-
lenge that many farmers have
attempted to address with the
use of drugs and chemicals.
However, very densely stocked
shrimp ponds or tanks also can
be managed using environmen-
tally sustainable methods. For
example, indoor recirculating
farms can have very high stock-
ing densities yet use no drugs or
other chemicals if the water is
cleaned using biological filters.

Chemical and Drug Use
ANTIBIOTICS

Some of the most devastating
diseases in the shrimp industry
have been caused by viruses
(e.g., white spot disease, Taura
syndrome).?° Only an estimat-
ed 20 percent of losses from
disease have been caused by
bacterial pathogens that could
be treated with antibiotics.®!
Most major disease outbreaks in
the shrimp industry have been
caused by a combination of pro-
duction practices and the weak
immune systems of shrimp,
leading to infections with viruses
that cannot be treated with

antibiotics.®?

Nevertheless, rather than
change the conditions that
can lead to disease outbreaks,
shrimp farmers in major
shrimp-producing countries
have turned to drugs as short-
term, band-aid solutions to
support a vulnerable system,
including antibiotics to attempt
to prevent or treat bacterial dis-
eases.®* No antibiotic drugs are
specifically approved for shrimp
sold in the U.S,, and it is illegal
for any imported shrimp to have
any antibiotic residues. However,
extra-label use (discussed below)
of some drugs is permitted in
U.S. farmed shrimp. In other
countries, the use of many anti-
biotics appears to be permitted
in aquaculture.?* 8 Some of
the countries that are exporting
shrimp to the U.S,, such as China
and Vietnam, appear to allow
up to 20 and 32, respectively,
antibiotics and other chemicals
to be used in shrimp farming.?”
The use of antibiotics in shrimp
aquaculture has been document-
ed in studies and government
programs that have detected
antibiotic residues in shrimp.3%
89,90 Many of those drugs in turn
carry risks to public health and
the environment.”!

One of the most serious public
health risks of using antibiotics
in food production, especially
for non-therapeutic reasons,
is the development of anti-
biotic resistance. In 2013, the
CDC noted that 23,000 human
deaths could be attributed to
the development of antibiotic
resistance from overuse of anti-
biotics, including in agricultural
settings.%?

SYNTHETIC PARASITICIDES

In addition to using antibiotics
to control bacterial diseases,
shrimp farmers can attempt to
prevent disease with the use of

CONSUMER REPORTS Food Safety and Sustainability Center 11 x
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certain other drugs and chem-
icals.?® % One example is the
parasiticide formalin, an aque-
ous solution containing formal-
dehyde gas.? %9798 Formalin is
approved for shrimp aquacul-
ture in the U.S. and abroad.”
Formalin, as well as other
chemical disinfectants such as
chlorine and iodine, can be used
in hatcheries and nurseries to
treat shrimp eggs and larvae,
often for preventive rather than
therapeutic reasons.°% 10! For-
malin baths can also be used to
treat certain diseases, at con-
centrations that are not toxic
to shrimp but are effective for
disease control.!?? 103 There is
no mandatory withdrawal time
prior to food animal harvest
and no residue tolerance set by
the FDA.!1%4
Formaldehyde/formalin is a
known human carcinogen.!® It
is also classified as a “hazard-
ous substance” by the Envi-
ronmental Protection Agency
in accordance with the Clean
Water Act.'¢ Substances that are
designated as “hazardous” by
the EPA are compounds which,
when discharged in any quan-
tity in water, “present an immi-
nent and substantial danger to
the public health or welfare,
including, but not limited to,
fish, shellfish, wildlife, shoreline,
and beaches.”'”

PESTICIDES
In addition to using antibiotics
to control bacterial diseases,
shrimp farmers can attempt to
prevent disease with the use of
certain other drugs and chem-
icals.?? % One example is the
parasiticide formalin, an aque-
ous solution containing formal-
dehyde gas.% %9798 Formalin is
approved for shrimp aquacul-
ture in the U.S. and abroad.”
Formalin, as well as other
chemical disinfectants such as

12 Shrimp Report April 2015

chlorine and iodine, can be used
in hatcheries and nurseries to
treat shrimp eggs and larvae,
often for preventive rather than
therapeutic reasons.!°% 19! For-
malin baths can also be used to
treat certain diseases, at con-
centrations that are not toxic
to shrimp but are effective for
disease control.1? 198 There is
no mandatory withdrawal time
prior to food animal harvest
and no residue tolerance set by
the FDA.104
Formaldehyde/formalin is a
known human carcinogen.'® It
is also classified as a “hazard-
ous substance” by the Envi-
ronmental Protection Agency
in accordance with the Clean
Water Act.'°¢ Substances that are
designated as “hazardous” by
the EPA are compounds which,
when discharged in any quan-
tity in water, “present an immi-
nent and substantial danger to
the public health or welfare,
including, but not limited to,
fish, shellfish, wildlife, shoreline,
and beaches.”

CHEMICAL DISINFECTANTS
Another way to attempt to
prevent disease outbreaks is

by treating incoming seawater
with chemical disinfectants,
such as chlorine and iodine.!'> 112
Chemical disinfectants can also
be used to disinfect shrimp eggs
and nauplii in hatcheries.!3 114
Chlorine appears to be a com-
monly used chemical in shrimp
production. A survey of Thai
shrimp farmers found that 67
percent reported using chlorine
as a disinfectant.!” According

to a 1998 report, in Thailand,
50,000 tons of chlorine is used
annually on shrimp farms.!

Protecting Natural

Resources
MANGROVES
One of the most devastating

environmental impacts of
shrimp farming has been the
destruction of mangroves and
other important ecological
systems.

Mangroves are “coastal
woodlands” or “tidal forests”
found along sheltered tropical
and subtropical coastlines.!”
Mangroves provide numerous
benefits to the local environ-
ment, including significant
social and economic benefits to
people living in coastal commu-
nities.'® 1 The many functions
of mangroves include mitigating
floods; protecting coastal areas
from storms and waves; wildlife
habitat, including providing
nurseries and feeding grounds
for commercially important fish,
shrimp, and shellfish;'?° remov-
ing toxicants and pollutants
from the environment; con-
trolling erosion; and more.!!

In certain countries, over 80
percent of the mangroves have
been destroyed.'?? Not all is due
to the conversion to shrimp
farms—shrimp aquaculture,
especially extensive systems,
played a role, especially in
Southeast Asia.!?3 In Thailand,
for example, the Royal Thai
Forest Department estimated
in 1993 that 17.5 percent of the
country’s original mangrove
areas were occupied by shrimp
farms.!2*

A survey of 12 Asian coun-
tries by the Asian Development
Bank found that 41.9 percent
of extensive shrimp farms and
19 percent of intensive shrimp
farms were built on land that
used to be mangroves.'

Many countries have laws and
regulations in place to pro-
tect mangroves.'?¢ The shrimp
industry has also voluntarily
moved away from siting shrimp
farms in former mangrove
areas, not only to respond to
environmental concerns but also

because former mangrove sites
are not optimal sites for shrimp
farms and land above the inter-

tidal zone is more accessible,
manageable, and productive.'?”
128 Nevertheless, even siting
shrimp farms in inland locations
still often requires access to the
ocean, and some mangroves
may need to be disturbed.?
Sustainable shrimp production
should ensure that no man-
groves are disturbed or lost.!3°

LOCAL WILDLIFE

Local wildlife can take advantage
of shrimp ponds and hatcheries
as an easy source of food, which
can become a serious problem
for shrimp farmers.*** There are
many species that can become
problematic predators, including
snakes, birds (herons, kingfish-
ers), fish, amphibians (frogs),
crustaceans (crabs), and mam-
mals (otters).’®? To protect local
wildlife, shrimp farmers should
use methods that deter predators
rather than aim to injure or kill
them. That is especially import-
ant when predators are threat-
ened or endangered species.

NATIVE SHRIMP

There are two main threats
from shrimp aquaculture to

the well-being of local wild
shrimp populations. The first

is the introduction of shrimp
that may be genetically differ-
ent from the wild species living
in surrounding waters. When
farmed shrimp are released
into the environment, either
intentionally or unintentionally,
they can compete with native
shrimp and other crustaceans.!s?
The introduction of non-native
species is considered a relatively
major ecological risk associated
with aquaculture.!3*

Second, shrimp aquaculture
can source young shrimp larvae
either from wild harvesting or
from commercial hatcheries.!3
Collecting young shrimp from
wild areas influences the eco-
system and can affect aquatic
biodiversity.’¢ Larvae of other
crustaceans, fishes, and other
animals are often caught and
discarded as bycatch.’¥

Many shrimp farms have
turned to commercial hatch-
eries as a source of juvenile

shrimp stock, not for ecolog-
ical reasons but in an attempt
to prevent disease outbreaks.
Hatcheries can supply Specific
Pathogen Free shrimp, which
means the post-larvae have
been sourced from hatcheries
that are biosecure and have
been screened and determined
to be free from specified patho-
gens (mostly viruses and some
parasites) that are of concern to
shrimp farmers.!38

EUTROPHICATION
Shrimp ponds receive a large
volume of nutrients, either in
the form of fertilizers added
to the water to promote the
growth of naturally occurring
feed sources or as formulated
shrimp feed. Some of those
nutrients will accumulate and
be discarded in wastewater.!
That can cause nutrient pollu-
tion, also known as eutrophica-
tion, of nearby water bodies.!°
Eutrophication results when
the nutrients and organic matter
in wastewater exceed the ability
of the receiving water to accu-
mulate them."! The nutrients



in the wastewater feed algae and cyanobacteria in
the receiving water, which then in turn can lead
to high concentrations of toxins and low levels of
oxygen in the water. Those conditions can change
the ecosystem and decrease biodiversity.!4?

SALINIZATION
If not managed properly, shrimp ponds can con-
tribute to salinization (contamination with salt) of
local water and land. Salt can leach from the pond
water unintentionally, if the pond is not proper-
ly sealed, or salty pond water can be discharged
intentionally into freshwater bodies or surround-
ing land between crops (most intensive systems
have two shrimp crops per year).14?
Contamination with salt from shrimp ponds
leads to numerous negative impacts on the local
environment and communities. A major concern
is that salinization makes nearby land unsuitable
for agriculture.*4 % Salinization of freshwater
bodies can harm the wildlife living in those bodies
of water.!*6 The impact on local communities can
be serious, as salinization can make water unsuit-
able for irrigation in agriculture and for drinking.
In a study of the Nellore District in India, the
quality of drinking water wells in villages near
shrimp farms was affected in 17 of 26 villages.*”

Sustainability of Feed

As stocking densities rise, so does the need for
outside sources of feed.*® In extensive systems, no
or very little feed is added to the ponds because
the shrimp are able to meet their nutritional needs
by feeding on naturally occurring algae, plank-
ton, and small benthic animals and plants.*® In
semi-intensive systems, shrimp are fed one to two
times daily, and in intensive systems, formulated
feed is added to the ponds up to five times daily."°
As with land-based animal agriculture, the sources
of feed and whether its ingredients are produced
sustainably or harvested sustainably (in the case of
wild fish meal) are important factors when assess-
ing the sustainability of aquaculture operations.!!

WILD FISH

Though it may seem logical to assume that
buying farmed seafood relieves pressure on
ocean fisheries, that is not always the case. For
many farmed seafood species, including shrimp,
feed contains wild fish meal and wild fish oil. For
shrimp specifically, traditional formulations of
feed contain 20 percent to 30 percent fish meal.!’>
193 In fact, the shrimp aquaculture industry is the
single largest global aquaculture consumer of
wild fish meal, with an estimated 24 percent to 27

percent of fish meal used for aquaculture being
used for shrimp.!*

If fish meal in shrimp feed is made from the
byproducts of fish that are processed for human
consumption (and those fish were sustainably
caught), it can be a relatively sustainable source
because it turns a waste product into food. But
fish meal can also contain low-value (in market-
ing terms) but food-grade fish, such as anchovy,
sardine, and mackerel. Those fish are sometimes
referred to as “trash fish.”"** Trash fish are usu-
ally caught as bycatch (unintended catch) when
non-selective fishing gear is used.””® Using fish
that could be used directly for human consump-
tion as feed for farmed aquatic species, including
shrimp, raises serious social and environmental
concerns.’”” That is especially true because most
shrimp farms consume more seafood—from wild
fisheries to feed the shrimp—than they produce.'’

One way to lower the dependence on fish
meal and fish oil is to lower stocking densities,
which allows the shrimp to meet more of their
nutritional needs from natural feed sources and
requires farmers to use less formulated feed.
Another way is to substitute other protein-rich
ingredients, sourced from sustainable aquaculture
and agriculture.

LAND-BASED ANIMAL PRODUCTS
Land-based animal slaughter byproducts have
been identified as an alternative protein source
that can replace wild fish meal.'®® They include all
of the parts of livestock that are not marketed for
human consumption, such as lungs, intestines,
livers, and other organs, as well as the bones,
feathers, and hides.!6°

If animal byproducts are derived from animals
that were raised in densely stocked confined
animal feeding operations—which often give
rise to concerns with animal welfare, pollution,
drug use, and unsustainable feeding practices—it
simply substitutes one unsustainable feed source
for another.

PLANT-BASED INGREDIENTS
Plant-based protein sources that can replace wild
fish meal in shrimp feed include soybeans, corn,
and peas.'®! Sustainable shrimp farming should
source feed ingredients from sustainable farms.
In the U.S,, the vast majority of soybeans have
been genetically engineered for pest or herbicide
resistance. The adoption of genetically engi-
neered crop varieties has increased the use of
herbicides in U.S. agriculture and has led to the
development of “superweeds” that are resistant to

those herbicides and require more toxic herbi-
cides to control. Genetically engineered crops

are not required to be independently tested for
long-term safety before they can be grown com-
mercially for human food and animal feed. Given
the intensive pesticide use required for growing
genetically engineering plants, we do not consid-
er genetically engineered soy to be a sustainable
feed source for shrimp.

Worker Welfare and Local Communities
Shrimp aquaculture can have a positive impact
on local communities if managed responsibly,
by providing income and employment oppor-
tunities.'®? However, in order to have a positive
impact, it is important to ensure that workers
are treated fairly, are protected from hazardous
working conditions, and are paid a living wage.
The Department of Labor lists shrimp from
Bangladesh, Cambodia, and Thailand among its
list of goods that it has reason to believe can be
produced by child labor, and shrimp from Burma
and Thailand is listed among its list of goods that
it has reason to believe can be produced by forced
labor in violation of international standards.!
Respecting basic human rights and meeting
higher social standards is important not only on
the shrimp farm itself but also along the entire
supply chain. In June 2014, the British newspaper
The Guardian revealed that slaves were forced to
work for no pay for years at a time under threat of
extreme violence in Thailand’s shrimp industry.

The slaves were held on boats that provided fish
meal to the world’s largest shrimp producer in
Thailand.!¢*

Many of the environmental attributes discussed
above are relevant to the local communities and
workers on shrimp farms. Respecting the com-
munities nearby means respecting the local envi-
ronment and natural resources on which those
communities depend.

Animal Welfare

A common practice in the shrimp industry that
directly impacts animal welfare is the removal
of one eyestalk of female shrimp in hatcheries.
Hatcheries capture female shrimp from the wild
in order to produce post-larvae for grow-out
ponds. The removal of one eyestalk of each wild-
caught female shrimp induces maturation and
spawning.165 166

Farming Shrimp Sustainably—
A Look Behind the Labels

OR THE MAJOR issues we covered above, we

briefly summarize how they are addressed
by four labels that can be found on packages of
shrimp. The four labels we review are the Global
Aquaculture Alliance’s Best Aquaculture Prac-
tices Certified label (GAA BAP), the Aquaculture
Stewardship Council’s Certified “Farmed Respon-
sibly” label (ASC), the Whole Foods Market
“Responsibly Farmed” label (Whole Foods), and
the Naturland label. Those are the only labels we
identified that are third-party certified to stan-
dards that are publicly available. Full label reviews
are available on GreenerChoices.org. Our label
reviews determine whether the label is not mean-
ingful, somewhat meaningful, meaningful, or

highly meaningful by evaluating many attributes,
including the rigor of the standards, the inde-
pendence of the verification process, whether the
organization behind the label is free from conflict
of interest, whether the standards were developed
with broad public input, and other factors.

Some labels that may be found on shrimp, such
as “natural,” “environmentally aware,” and “turtle
safe,” are not verified and are not backed by a set
of consistent standards. In some cases, companies
use those labels when they are certified to one
of the label standards that we reviewed, such as
Naturland. But we have also seen the labels used
on shrimp packages that have no independent
certification to verify those claims.
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\/+ STRONG STANDARD

Naturland

Whole Foods -
Responsibly Farmed

Aquaculture Stewardship
Council Certified -
Farmed Responsibly

1-star means only the processing plant is certified.

Best Aquaculture Practices
Certified (1-Star)

2, 3, and 4-stars means the farm where the shrimp
are grown is certified.

Best Aquaculture Practices
Certified (2, 3, and 4-Star)

“Turtle Safe,” “Natural,” and
“Environmentally Aware”

GENERAL

=" Prohibits
monoculture

X

X

X

X

X

Max. stocking
density

X

X

X

X

J % DRUG & CHEMICAL USE

Prohibits
~ " antibiotics

Prohibited in grow-out ponds and
hatcheries, including broodstock.

Prohibited in grow-out ponds and
hatcheries; permitted for treating
broodstock.

Prohibited in grow-out ponds and
hatcheries; permitted for treating
broodstock.

X

Processing plants are required to periodically
test for presence of antibiotic residues.

X

Only antibiotics that are “proactively
prohibited” in the importing country cannot
be used.

22001 Prohibits
other drugs:
parasiticides

v+

v+

X

X

X

Only chemicals that are "proactively
prohibited" in the producing or importing
country are prohibited.

2 » » | Prohibits
chemical
2 o disinfectants

v+

X

X

X

Only chemicals that are "proactively
prohibited" in the producing or importing
country are prohibited.

>~ Prohibits
U pesticide use

v+
Pesticides are prohibited, including
"natural" pesticides such as
rotenone.

Only organophosphates are
prohibited.

Only pesticides banned by
international convention or those
rated “extremely hazardous” or
“highly hazardous” by WHO are
prohibited.

Only pesticides that are proactively prohib-
ited in the importing country are prohibited.
Standards require that agricultural chemicals
be labeled, stored, used and disposed of in a
"safe and responsible manner".

s FEED

== Standards for

A sustainable sourcing
of aquatic animal
ingredients in feed
»2 00 (fish meal)

v+
From organic aquaculture, fish pro-
cessing byproducts, or sustainable
fisheries.

Prohibition of “trash fish” in shrimp
feed.

v

From sustainable fisheries, within
5 years of certification.

v

From BAP-certified feed mills [for 3-star if
feed mill is certified, and 4-star] or mills with
a “written plan for responsibly sourcing fish
meal.” [for 2-star and 3-star if feed mill is not

certified].

Standards for
sustainable sourcing
= of nonaquatic animal
ingredients in feed

v+

Slaughter by-products must be
from organic agriculture.

v+
Slaughter by-products are
prohibited.

X

X

WU Standards for

20 sustainable sourcing
X of plant ingredients

in feed

v+
Ingredients must be certified
organic.

X

X

By 2019, 80% of soy and palm oil
should be from sources certified
by an ISEAL member’s certification
scheme that addresses environmen-
tal and social sustainability.

22 2 Prohibits
U GMOs in feed

NE

X

Labeling planned for 2018.

Labeling is required when GMOs
are present in feed.

Visit greenerchoices.org for more information
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Naturland

\/+ STRONG STANDARD

Whole Foods -
Responsibly Farmed

Aquaculture Stewardship
Council Certified -
Farmed Responsibly

1-star means only the processing plant is certified.

Best Aquaculture Practices
Certified (1-Star)

2, 3, and 4-stars means the farm where the shrimp
are grown is certified.

Best Aquaculture Practices
Certified (2, 3, and 4-Star)

“Turtle Safe,” “Natural,” and
“Environmentally Aware”

PROTECTING NATURAL RESOURCES

Prohibits destruction
of mangroves and
wetlands

v+

v+

v+

X

X

“Native animals shall be protect-
ed.” No synthetic chemicals for
predator control. Measures that do
not harm the animals are preferred.

Requires protecting
local wildlife

Vulnerable and endangered species
cannot be killed. Lethal predator
control must be last resort.

Protected, threatened, or
endangered animals cannot be
killed. No lead shots or chemicals
for predator control.

v-

Endangered species cannot be killed.

Requires protecting
native shrimp from
farm pond escapes

Preference for native species;
“ecological harmlessness” of other
species must be proven before
they can be farmed.

Non-native species can be farmed
when a substantial commercial
industry for farming that species
already exists.

Non-native species can be farmed
when in production already locally.

Farms must comply with national legislation
regarding non-native species.

Prohibits harvesting
wild shrimp larvae

v+

v+

v+

v+

v+
Requirement for regular monitoring
of nutrient pollutants, and “ade-
quate measures must be taken to
minimize outflow of nutrients”.

Requires protecting
water from shrimp
pond pollution

v

Requirement for effluent monitoring
program, and producers must work
to minimize the negative impacts
of effluent on receiving waters by
reducing inputs of nitrogen and
phosphorus. No maximum levels of
nutrient pollutants are set.

v

Maximum levels of nutrient pollut-
ants are set; additional requirements
to prevent eutrophication, such
as treatment of effluents before
discharge.

Maximum levels of nutrient pollutants are
based on U.S. point discharge levels.

Requires preventing
salinization of land
and water

Farms must prevent salinization of
nearby land; no standard for water.

v+

v+

v+

ANIMAL WELFARE

Prohibits eyestalk
ablation of female
shrimp

v+

SOCIAL RESPONSIBILITY

Prohibits

Forced labor is prohibited, but not
forced labor

verified on fishing boats that supply
fish meal.

Standards do not specifically
prohibit forced labor but farms
must comply with local labor
laws. Forced labor is prohibited
worldwide.

Forced labor is prohibited, but not
verified on fishing boats that supply
fish meal.

Industry baseline; forced labor is prohibited
and verified in the processing plants but
not on the farms that grow the shrimp or on
fishing boats that supply fish meal.

v

Some exceptions: Children may work

on family or neighbor farms if properly

supervised and the work does not inter-

fere with education or development and
is not hazardous.

Prohibits
child labor

X

Local labor laws must be followed.

v+

Prohibited in the processing plant. No
standard for the workers on the farms.

No children under age 14; children 14-18
should not engage in hazardous work.

Requires minimum
wage for workers

At least minimum wage or industry
standard; applies to temporary
workers also.

X

Standards do not set or require a
minimum wage.

Ve

Permanent workers receive a living
wage. Temporary workers receive
at least minimum wage.

At least the minimum wage in the processing
plant. No standard for wages on the farm.

v

At least minimum wage in the processing
plant and on the farm.

Visit greenerchoices.org for more information
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Reliable Labels

Naturland
HIGHLY MEANINGFUL

The Naturland label means that the shrimp were
raised on farms that are managed in accordance
with comprehensive standards by Naturland, a
German organic certification organization, that
include environmental, social responsibility, and
animal welfare components.'” The label means
that the shrimp were raised in outdoor ponds without the use of
antibiotics, synthetic parasiticides, synthetic pesticides, synthet-
ic fertilizers, and synthetic processing aids that can pollute the
environment.'%8

Of all shrimp labels we have reviewed, the Naturland label is
the only one with standards that require low stocking densities to
prevent the overcrowded conditions that increase the likelihood
of disease outbreaks.!5

It is also the only label we reviewed that comprehensively
covers feed, requiring certified organic ingredients (genetically
engineered ingredients are prohibited).”® Wild fish meal is al-
lowed, as long as it consists of byproducts of wild fish caught for
human consumption or bycatches of captures for human con-
sumption in line with internationally established sustainability
standards, with some exceptions.”” Shrimp feed cannot contain
more than 20 percent fish meal, which is in line with the indus-
try standard.!”?

The standards also prohibit the removal of the eyestalks of
female breeding shrimp in hatcheries.”” The social responsibility
requirements ensure that the workers on shrimp farms are paid
at least the minimum wage and are treated fairly.”

Consumers should not see shrimp labeled “organic” with the
Naturland logo on shrimp packages because the Department
of Agriculture (USDA) organic standards do not permit organic
certification of aquatic animals.

Naturland

Aquaculture Stewardship Council—Farmed Responsibly Label
MEANINGFUL

: The label means that the shrimp were raised on farms that met
m standards aimed at reducing the negative environmental and
- social impacts of shrimp farming. The standards for ensuring
worker welfare are especially strong and go beyond preventing the most egre-
gious abuses,'” such as forced labor and child labor.'”® The standards, for exam-
ple, require that a “fair or living” wage (rather than a minimum wage) be paid
to all permanent workers. A fair or living wage is defined as “a wage level that
enables workers to support the average-sized family above the poverty line.””

The environmental standards are meaningful, although there is no require-
ment for a maximum stocking density or for polyculture.”” The standards
do set maximum limits for certain pollutants in wastewater,"” prohibit the
destruction of mangroves'®® and the salinization of nearby water and soil,'® and
prohibit lethal predator control for local endangered or threatened wildlife
species.!8?

The standards also prohibit selling shrimp with the label if they were treated
with antibiotics'®? but do allow certain other drugs and chemical treatments,'s
such as synthetic parasiticides.’®> And though the most hazardous and persistent
pesticides are prohibited,'® many pesticides are allowed.!*”

The Aquaculture Stewardship Council’s shrimp standards are relatively new.
The first version of ASC standards for shrimp was finalized in 2014. Though
shrimp with the label were not yet available when we did our study, they
became available in 2015.

Whole Foods Market—Responsibly Farmed Label

MEANINGFUL

The standards behind the Whole Foods Market Responsibly
. Farmed label focus especially on eliminating the use of drugs and
CELITETIGE  some, but not all, chemicals used in shrimp farming, as well as
':.E 5 other environmental protections.'® The standards prohibit sell-

- ing shrimp with the label if they have been treated with antibiot-
ics, parasiticides including formalin, or with the artificial processing chemical
sodium metabisulfite.’®® The standards also address protecting native wildlife
around shrimp farms, preserving mangroves, and protecting the local environ-
ment from farm pollution.!*

There are no strong standards for worker welfare and animal welfare. The
standards only state that local labor laws must be followed.!*!

All farmed shrimp sold in Whole Foods stores are third-party certified to the
standards.

..II
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Unreliable Labels

Global Aquaculture Alliance—Best Aquaculture Practices Label

l -STAR (only the processing
plant is certified)

SOMEWHAT MEANINGFUL*

*The farm, feed mill and hatchery are
not certified to the BAP standards.

Though the BAP label has some standards above
the conventional baseline, we found that four of
the 11 samples of imported shrimp with illegal
residues were BAP certified. Therefore, we do not
recommend the BAP label at this time.

Though the BAP 1-star certified label
is still rated as “somewhat meaning-
ful,” it only covers the processing
plant and is less meaningful than the
2-star, 3-star and 4-star labels.

The Global Aquaculture Alli-
ance’s Best Aquaculture Prac-
tices Certified label should
mean the shrimp were
processed in a certified plant
2 that met standards that aim to ensure that

“STAR (the processing plant the food safety requirements in overseas

and farm are certified) . . . .
COMEWHAT VEANNGEUL facilities are.equwalent to those reqmred in

U.S. processing plants. The processing plant

standards also have social responsibility and
wastewater management components.'9? If
only the processing plant is certified, the
blue logo can appear on the front without
qualification, but on the back of the package
it will be accompanied by one star and the
word “processor.” There are also standards
for the farms where the shrimp are raised.
If the processor and the farm where the
shrimp are raised are certified, the blue logo
on the back of the package will be accom-
panied by two stars and the words “processor” and “farm.” Three stars means the
processor, farm, and either the feed mill or the hatchery are certified. Four stars
means the processor, farm, feed mill, and hatchery are certified.

The standards for shrimp farms aim to reduce the most serious negative envi-
ronmental and social impacts associated with shrimp farming, such as the destruc-
tion of ecologically important mangroves'*® and the pollution of nearby water and
land with waste from the farms.!%

In many cases, such as drug use and wastewater pollution, the standards mirror
the industry standard in the U.S. and will therefore ensure that shrimp farms in
foreign countries meet the basic environmental and public health regulations that
U.S. shrimp farms would meet. The standards allow the use of antibiotics, includ-
ing for preventive purposes, except those that are “proactively prohibited” for use
in aquaculture in the importing country.' That means that BAP standards permit
the use of antibiotics such as tetracyclines, since those are not “proactively prohib-
ited” for use in shrimp farms in the U.S. Drugs allowed in the importing country—
such as formalin, which is allowed in the U.S.—are also permitted.!”¢ Drugs can be
used for preventive purposes with veterinary oversight.!”

The standards have no restrictions on the use of pesticides and allow artificial
processing materials as long as they are discharged in wastewater responsibly.!%
There is no requirement for a maximum stocking density.

Shrimp with the GAA BAP label are widely available in U.S. stores.

-STAR (the processing plant,
farm, and either feed mill or
hatchery are certified)
SOMEWHAT MEANINGFUL

-STAR (the processing plant,
farm, feed mill and hatch-
ery are certified)
SOMEWHAT MEANINGFUL

22 Shrimp Report April 2015

Organic Labeling on Shrimp

In the U.S,, food can only be labeled “organic” if it has been certi-
fied to the federal organic standards. Currently, however, there are
no federal organic standards for aquaculture. As a result, shrimp
cannot be labeled as organic in the U.S., even if they were raised on
farms that are certified to private or other countries’ organic stan-
dards (such as Naturland organic standards).

The USDA, which is responsible for developing and maintaining
the national standards for organically produced agricultural prod-
ucts, is currently drafting standards for organic aquaculture. Those
standards will be proposed to the public for comment before being
finalized.

Organic aquaculture standards should be written in a way that
promotes a sustainable system of shrimp farming and prevents
monoculture operations with high stocking densities from qualify-
ing for organic certification.

We believe that organic standards should have rigorous require-
ments for all of the sustainability attributes covered in this report.
The following should be included:

@ Prohibition of the use of synthetic inputs, including syn-
thetic pesticides, fertilizers, and drugs.

@ Requirement for 100 percent organic feed and prohibit
wild fish in feed.

@ Prohibition of natural pesticides that pose dangers to work-
ers, such as rotenone, which currently remains approved
for use in organics.

@ Maximum stocking density.

@ Requirement for the cultivation of more than one species
(polyculture) to prevent monoculture operations.

@ Requirements to control major inputs and outputs in closed
farming systems, such as waste management and nutrient
recycling, to minimize environmental impacts and ensure
quality of the shrimp.*

*Though it does not apply to shrimp farming, we also believe that the
organic aquaculture standards should prohibit open ocean net pens. Open
ocean net pens make it difficult to control major inputs (e.g., contaminants,
pollutants) and outputs (e.g., waste, fish escapes, disease, and parasites) in
the farming system.
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Fishing Wild Shrimp Sustainably

UYING WILD SHRIMP raises different sustainabil-

ity issues than buying farmed shrimp. A major
concern with wild shrimp is the method of catch-
ing, which can disrupt the marine environment
and can result in many pounds of bycatch for every
pound of shrimp caught. Bycatch is non-intended,
or nontargeted, catch and can include fish, ranging
from small or juvenile fish to large sharks, nontar-
get crustaceans, sea turtles, and dolphins.’*® Accord-
ing to the Monterey Bay Aquarium, “in the worst
cases, for every pound of shrimp caught, up to 6
pounds of other species are discarded.”?*°

One of the most common pieces of equipment
used to catch shrimp is an otter trawler, which is a
cone-shaped net that is designed to work optimally
at the bottom of the sea floor.?”! According to the
National Oceanic and Atmospheric Administration
(NOAA), an agency of the Department of Com-
merce, incidental capture, injury, and mortality
during fishing operations is one of the major threats
to sea turtles in the marine environment.??

Sea turtle mortality can be reduced drastically
when trawlers are equipped with a Turtle Exclu-
sion Device (TED), which is a grid of bars with an
opening that allows small animals such as shrimp
to pass through the bars and into the net while
larger animals, such as sharks and turtles, are given
the opportunity to escape through the opening.2%?
The devices can reduce turtle bycatch by 97 per-
cent or more, thereby drastically reducing, though
not eliminating, mortality of nontarget animals.2%*
However, those devices are not without costs to the
shrimp industry; first the device has to be pur-
chased, and the use of the device can result in some
reduction in shrimp catch.?%

Federal law and regulations require that any
shrimp trawlers, with some exceptions, in the Atlan-
tic or Gulf must be equipped with an approved
turtle exclusion device (TED) in each net.2¢ Import-
ed shrimp needs to be accompanied by an import
certificate declaring that the shrimp are harvested
in a way that does not harm turtles, using devices
similar to those required in the U.S.2%7

In response to that law, the Louisiana state legis-
lature, believing “that the imposition of TEDs on
Louisiana shrimpers is unjustified, inequitable, and
unworkable,” passed a state law in 1987 prohibiting
the enforcement of federal regulations requir-
ing the use of TEDs in Louisiana waters.?°® The
Monterey Bay Aquarium recommends avoiding

wild shrimp from Louisiana.?*® Wild shrimp from
Mexico is also listed as “avoid” by the Monterey Bay
Aquarium.#°

A skimmer trawl is another type of fishing gear
that can be used to catch shrimp.?!! Skimmer
trawls are used in shallow, near-shore waters.22
Federal regulations exempt skimmer trawls from
the requirement to use turtle exclusion devices.?'s
According to NOAA, though sea turtle mortality
has historically been considered low for fisheries
using skimmer trawls, sea turtles can still become
captured, and stress and injury to the animals can
occur with the skimmer trawl.?* NOAA has part-
nered with the fishing industry to develop TEDs for
skimmer trawls, but no regulations have been put
in place.?"> 216 Monterey Bay Aquarium’s Seafood
Watch lists wild shrimp caught with skimmer trawls
as options to avoid.?”

The only wild shrimp with Monterey Bay Aquar-
ium’s “Best Choice” rating are the wild spot prawn
from Canada and wild shrimp from Alaska.?’® The
cold-water shrimp fisheries in the U.S. and Canada
have regulations in place to reduce bycatch, and
because sea turtles do not live in cold water, the risk
to sea turtles from shrimp fisheries in those places is
negligible.?"® According to the Monterey Bay Aquar-
ium, stock status is unknown for all shrimp species
caught on the west coast of the U.S. But the Monte-
rey Bay Aquarium considers that the small size of
many of the fisheries and the measures in place to
protect spawning stocks increase the likelihood that
those stocks are being fished sustainably.??°

Wild shrimp that are considered “good alterna-
tives” by the Monterey Bay Aquarium include all
shrimp from Canada (wild spot prawn from Canada
is a “Best Choice”) and all U.S.-caught shrimp
except those from Louisiana and those caught by
skimmer trawl.??!

For assurance that the fisheries reduced their
impact on nontarget species, and used bycatch
reduction devices, consumers can look for wild
shrimp with the Marine Stewardship Council
(MSC) label. The MSC has recently updated its
standards and included stronger requirements
for fisheries to reduce bycatch.??? Shrimp fisheries
that are MSC certified (and that consumers may
see in U.S. stores), are located in Canada, Oregon,
Australia, and Suriname, and those fisheries reduce
bycatch by outfitting their nets with bycatch reduc-
tion devices.
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Making Better Shrimp Choices

¢ For wild shrimp:
* Best choices for wild shrimp, according to the Monterey Bay Aquarium, are wild spot prawn
from Canada and all shrimp caught in Alaska.
» U.S. federal law and regulations require approved turtle exclusion devices in shrimp trawl-
ers’ nets, with some exceptions. A state law in Louisiana prohibits enforcement of this federal
requirement, so look for reliable labels when buying wild shrimp from Louisiana.
¢ Look for wild shrimp with the Marine Stewardship Council (MSC) label, which provides
assurance that shrimping vessels were equipped with turtle exclusion devices or other bycatch
reduction devices.
* Whole Foods only sells wild shrimp that is either rated “Best Choice” or “Good Alternative” by
the Monterey Bay Aquarium or is certified to Marine Stewardship Council (MSC) standards.

¢ For farmed shrimp:

* Look for “Farmed Responsibly ASC Certified,” “Naturland” or “Whole Foods Responsibly
Farmed” certification.

* Labels on farmed shrimp such as “turtle safe” or “environmentally aware” are less reliable,
since they typically have no standards or verification behind them.

* The GAA BAP label ensures basic requirements are met, but based on our test findings (dis-
cussed below), we do not recommend this label.
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Regulations of Shrimp Safety in the U.S.

FDA Regulation of Drugs in Shrimp Aquaculture

Drugs Approved for Use in Aquaculture

IN THE U.S., the Food and Drug Administration (FDA) has regulatory authority over the
use of antimicrobial drugs in farmed shrimp. The FDA has not approved any antibiotics
for use in shrimp production and has approved only one chemical, formalin (used as a pesti-
cide for controlling protozoan parasites), for shrimp aquaculture.??

The FDA does not allow unapproved animal drugs to be administered in any dosage form
to an animal (including shrimp). Those drugs are often referred to colloquially as banned
drugs, though the FDA still uses the term unapproved. For approved drugs, tissue residue
tolerances may be set.?%*

‘Extra-Label’ Use of Drugs in Shrimp Aquaculture

Though no antibiotics are approved for shrimp production, the Animal Medicinal Drug Use

Clarification Act of 1994 allows veterinarians in the U.S. to prescribe approved new animal or
human drugs for uses other than those on the approved label. This is called “extra-label use”

and is defined by the FDA as:

Actual use or intended use of a drug in an animal in a manner that is not in accordance with the
approved labeling. This includes, but is not limited to, use in species not listed in the labeling, use for
indications (disease and other conditions) not listed in the labeling, use at dosage levels, frequencies,
or routes of administration other than those stated in the labeling, and deviation from labeled with-
drawal time based on these different uses.?*

The FDA prohibits the extra-label use of certain drugs or classes of drugs in food-produc-
ing animals that pose a risk to public health. The following drugs or families of drugs are
prohibited for extra-label uses in food-producing animals including shrimp (except where
noted in parenthesis):2%6

¢ Chloramphenicol

¢ Clenbuterol

¢ Diethylstillbestrol

¢ Ipronidazole and nitroimidazoles

¢ Furazolidone

¢ Nitrofurazone

¢ Sulfonamide drugs (in lactating dairy cattle except approved use of
sulfadimethoxine, sulfabromomethazine, and sulfaethoxypyridazine)

¢ Fluoroquinolones

¢ Glycopeptides

¢ Phenylbutazone (in female dairy cattle 20 months of age or older)

¢ Cephalosporins (not including cephapirin) (in cattle, swine, chickens, or turkeys)

That means that although no antibiotics are approved for use in shrimp aquaculture, some
antibiotics can be legally used in farmed shrimp from the U.S., including those that are
approved by the FDA for other animals or types of aquaculture. For example, the FDA has
set a permissible residue level of 2ppm for oxytetracycline in U.S. farmed shrimp. (Tetra-
cycline residues are illegal in imported shrimp.) Tetracycline residue limits are based on an
acceptable daily intake (ADI) for the sum at 25 ug/Kgbw/day (the tolerance for milk is 0.3
ppm).227 228

Extra-label use does not apply to shrimp farmed in other countries that is imported to
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the U.S. There are no antibiotic residues allowed
in imported shrimp, and if the FDA found res-
idues at any level in a shipment, that shipment
would be rejected.

Interestingly, though the U.S. has only one
drug approved for shrimp aquaculture (and only
nine for aquaculture), many countries exporting
shrimp to the U.S. have much longer lists of drugs
that may be approved for shrimp aquaculture. For
example, China allows as many as 20 and Viet-
nam as many as 32 antibiotics and other chem-
icals to be used in shrimp farming.?*® Fluoro-
quinolones, an important class of antibiotics, for

example, are not permitted in shrimp sold in the
U.S., however their use is permitted in China,?°
but technically no residues of quinolones are
allowed in imported or domestic shrimp.

The use of drugs in farm-raised seafood raises
significant public health and environmental
concerns. The application of those drugs during
the various stages of aquaculture can result in
the presence of the drugs or their metabolites in
shrimp and the environment. Perhaps even more
significant, the overuse of antibiotics can promote
the development of antibiotic-resistant bacteria.

FDA Regulation of Imported Shrimp

NDER THE FEDERAL Food, Drug, and Cos-
metic Act, the FDA is responsible for ensuring
that the nation’s food supply, including imported
seafood, is safe, wholesome, sanitary, and prop-
erly labeled.?! When it comes to shrimp, the FDA
looks to ensure are that products are not filthy
or decomposed, are labeled properly, and do not
contain any antibiotic residues and certain other
chemicals or additives.?3?
The FDA’s main tools for ensuring the safety
of imported seafood are the Hazard Analysis &
Critical Control Point Regulations (HACCP) with
which both domestic and foreign processors
and importers must comply (discussed below),
inspection of foreign processors (the FDA has not
recently published the number of foreign firms it
has inspected), and the inspection process at ports
of entry, but that can be challenging.?323* HACCP
is not necessarily required for shrimp farmers
(where many of the problems originate), only
processors, 235 but FDA has told us that it holds
processors accountable for ensuring that antibiot-
ics are not used on the farms.

Hazard Analysis & Critical Control Points
(HACCP)

The FDA requires that all seafood processors—
domestic and foreign—and importers conduct a
hazards analysis to determine whether chemical
and microbiological hazards exist and are reason-
ably likely to occur at each of the steps involved
in processing.?®

In the case that safety hazards are identified,
processors must have and implement a Hazard
Analysis & Critical Control Points (HACCP)
plan.?¥” For shrimp, HAACP is more focused on
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contamination with chemicals than with bac-
teria. Specific examples of potential chemical
hazards include the use of animal drugs during
aquaculture and application of sulfites to raw
shrimp.?® Potential microbiological hazards also
exist, including the water used in processing and
the handlers.?** However, although microbio-
logical hazards exist, the FDA does not have any
strict quantitative metrics for microbiological
contamination in shrimp HACCP, as the USDA
does for meat and poultry. We believe that the
FDA should address all hazards with quantitative
metrics, including both bacterial and chemical
contamination.

LIMITED SCOPE FOR VIBRIO CONTROL
The FDA has provided strategies for control of
naturally occurring pathogens for molluscan
shellfish (e.g., bivalves such as oysters), includ-
ing control of the potentially problematic Vibrio
species V. vulnificus, V. parahaemolyticus, and V.
cholerae; however, there are no similar recom-
mendations that explicitly apply to shrimp. The
suggested methods for killing Vibrio and other
pathogenic bacteria in seafood include heat,
pressure, irradiating, or individual quick freezing
(IQF) with extended storage.?*® The last process,
IQF, involves the use of blast freezing technolo-
gy to quickly lower the temperature of the food
below freezing and then, with storage at freezing
temperatures for an extended amount of time, is
expected to reduce the numbers of Vibrio present
on molluscan shellfish to non-detectable, as vib-
rios are considered especially freeze-sensitive.?!
The FDA does not provide this same guidance
for Vibrio control in shrimp, probably because,‘it
is assumed that shrimp will be cooked before con-
sumption, so bacterial pathogens on raw product
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would not normally be considered a HACCP
Critical Control Point to be monitored.”*? Given
the established public health risks associated with
Vibrio and the fact that we found it on a large
percentage of our samples (discussed below), the
FDA should require control of this pathogen in
shrimp.

Interestingly, IQF is a process that is already
commonly used for shrimp processing.?*? In the
case of shrimp, the IQF process has been adopted
to retain texture and moisture (i.e., raw character-
istics of the food) and provide a more convenient
product for consumers.?" 2#* The FDA indicates
that IQF and other processes that it recommends
for killing Vibrio species may be useful for control
of pathogens including Vibrio for products other
than raw molluscan shellfish; however, the agency
notes that “such applications are not presently in
commercial use in the U.S. fish and fishery prod-
ucts industry.”?*> Our findings, below, suggest that
IQF may not be controlling bacteria levels (Vibrio)
as well as thought.

FDA’s Role at the Port of Entry

The FDA requires that entities importing food
into the U.S. provide prior notice of that shipment
to regulatory authorities.?*¢ The information,
including the importer’s identity, address, prod-
uct identity, country of production, and identity
of any country to which the shrimp product has
been refused entry, is reviewed by an automated
system that can flag products that warrant manual
review.?” 28 Further review may be required if
there have been issues found with a particular

producer or product from a particular country.?+

After manual review of the import record, the
reviewer determines whether the shipment can
enter into the U.S. or will require further deten-
tion.?° Only a very small percentage of imports
are subject to a physical field examination. The
majority of field examinations are simply a visual
inspection to determine whether proper stor-
age conditions have been maintained, to detect
rodent infestation, and to perform a label exam-
ination. An even smaller number of products will
be subjected to laboratory testing.

FDA Import Alerts, also called FDA automatic
detention lists, are a mechanism the agency uses
to detain imports from companies or countries
that have previously been found to be in violation
of FDA regulations. If an import alert is issued, all
affected shrimp products should be automatically
detained. The detained products have to be tested
and certified by a third-party lab to show that they
are free of the issue that led to the import alert,
such as drug residues, before they are allowed into
the U.S. commerce. Failure to obtain certification
results in the import being refused. Recent import
alerts have been issued for nitrofurans in shrimp
from China and filth, decomposition, and Salmo-
nella in shrimp from India.?" 252

We have obtained data from the FDA on the
number of shrimp import lines (an import line is
a unique product in each import entry) and the
number of Detentions without Physical Exam-
ination (DWPE), field exams, label exams, and lab
tests performed on those imports from 2007 to
2012 (Table 1).

Table 1. Shrimp and prawns import lines with inspection activities — FY 2007 — 2012. Data was obtained from the FDA.

Shrimp & DWPE’s - Field Exams - Label Exams - Coﬁeagial:s - |DWPE Refusals -
Prawns, Total Shrimp & Shrimp & Shrimp & Shrimp & Shrimp &
FISCAL YEAR Import lines Prawns Prawns Prawns Prawns Prawns
2007 104,304 2,174 1,159 262 890 207
2008 104,091 2,905 1,162 229 771 143
2009 99,345 3,186 1,110 394 864 188
2010 96,450 3,210 1,489 573 799 222
2011 99,838 3,953 2,380 842 1,008 333
2012 103,154 4,112 3,435 954 786 220
TOTAL 607,182 19,540 10,735 3,254 5,118 1,313
AVERAGE 101,197 3,257 1,789 542 853 219

Note: An import line is identified as a unique product in each import entry. An import entry may consist of one or multiple import lines.
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These FDA import inspection data reveal that while the
rate of examination of shrimp and prawns import line has
increased from 1.11 percent for field exam and 0.25 percent
for label exam in 2007 to 3.83 percent and 0.92 percent,
respectively, in 2012, the agency still conducts very few
examinations. This rate of inspection is extremely low
and considerably lower than that estimated of the EU (20
percent to 50 percent), Japan (12 percent to 21 percent),
and Canada (2 percent to 15 percent).?’? It is important to
note that neither field exam nor label exam are used to
determine whether the shrimp product contain bacteria
or the drug residues that the FDA tests. For that, the actual
shrimp sample has to be collected and tested, and even
fewer samples are subjected to that type of analysis.

Though many unapproved drugs could be used to pro-
duce the shrimp imported into the U.S., the FDA tests for
only a limited number of them. The drugs that the FDA
tests for as part of regulating imports include drugs with-
out tolerances, such as chloramphenicols, flouroquinolo-
nes/quinolones, and nitrofurans.?* In addition, it also has
the ability to test for oxytetracycline and sulfa drugs, as
well as triaryl dyes. If a drug residue is found, that ship-
ment can be rejected.

The FDA publishes import refusals on its website, at
http:/www.fda.gov/forindustry/importprogram/impor-
trefusals/default.htm. A review of that data from 2011 to
the present reveals that 1,250 imported raw shrimp entry
lines were rejected during that period. Just over half (51
percent) of those rejections were contaminated with Salmo-
nella, 12 percent were contaminated with nitrofurans, 19
percent were contaminated with veterinary drug residues
other than nitrofurans, and none were rejected because of
chloramphenicol.

FDA oversight of imported seafood has been criticized
by a number of groups, including the U.S. Government
Accountability Office (GAO). In 2011, after reviewing
documents from the FDA and other agencies, the GAO
concluded that the FDA’s oversight program to ensure the
safety of imported seafood from residues of unapproved
drugs is limited, especially as compared with the other
countries. For instance, the FDA tests for residues of up to
16 unapproved drugs in imported seafood products, while
Canada tests for 40 drugs, some EU members test for 50
drugs, and Japan tests for 57 drugs.?*

Though the FDA is able to eliminate some contaminated
samples with its targeted inspection, its limited sampling
is likely to allow some contaminated shrimp to enter the
marketplace and reach consumers.
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Consumer Reports Testing

Why We Tested

LITTLE INFORMATION IS available regarding the
prevalence of bacteria in retail shrimp sold in
the U.S., and even less is known about their anti-
biotic-resistance profiles. The presence of bacteria
can put consumers at risk for foodborne disease,
including both food poisoning and extra-intes-
tinal infections. Antibiotic resistance is a major
public health concern because antibiotic-resistant
bacteria are harder to treat if they cause an infec-
tion and can increase the risk of suffering and
death. The development of antibiotic resistance
is promoted by the overuse of antibiotics in any
situation, including food production. Data on the
prevalence of bacteria and antibiotic resistance on
shrimp is especially critical because the majority
of shrimp available in the U.S. are produced in
intensive aquaculture operations in other coun-
tries where numerous important antibiotics can
be used. Though the FDA has not approved any
antibiotics for shrimp production, there have
been reports and FDA findings of illegal residues
on shrimp. Because there has been little study of
the prevalence of those residues in retail shrimp,
we wanted to document them. The presence of
most drug residues is less of an individual health
concern (from consuming tiny levels of residues)
than it is a public health and sustainability issue.
The use of those unapproved drugs in shrimp
production raises questions about overuse of
antimicrobial drugs in intensive aquaculture

and promotion of antibiotic-resistant bacteria,
which can impact public health. That is particu-
larly important because there is little testing of
imported seafood by the FDA, and most shrimp
is imported. The use of those important medi-
cations is a band-aid solution for problems that
could be prevented by healthier, more sustainable
production systems.

As such, we also investigated the aspects of
various sustainable production systems, includ-
ing wild systems—which are by their nature less
reliant on drugs and chemicals than conventional
farmed shrimp—and farmed shrimp with mean-
ingful labels and certifications. We purchased
several wild samples from the U.S. and certified
farmed shrimp to see whether there were mean-
ingful differences and how consumers may be
able to get more value.

Goals for Testing and Sampling

We wanted to assess the prevalence and antibiotic
resistance of bacteria isolated from frozen shrimp
sold at retail, as well as the prevalence of chemical
residues. We also wanted to see whether we could
find differences in the prevalence of bacteria,
antibiotic resistance, and residues in shrimp from
different countries of origin, production systems
(farmed, sustainably farmed, and wild), and ways
in which the shrimp were processed/cleaned
(type). We did not design our sampling plan to
differentiate among brands. After a comprehen-
sive survey, using secret shoppers in 27 cities, we
designed our sampling plan to:

OTest a large sample of uncooked frozen
shrimp and a smaller sample of cooked
frozen shrimp.

Include samples from countries where =5
percent of the total products found in our
survey originated.

@Obtain a relatively larger sample of
shrimp from the U.S. and from each of
the four largest exporters identified in our
survey: Thailand, Vietnam, Indonesia, and
India.

GObtain a large sample of wild shrimp. Our
marketplace survey revealed that wild-
caught shrimp were available from a limited

set of countries, with the most available from
the U.S.

@Obtain a large sample of farmed shrimp
claiming to be produced sustainably.

@Obtain a mix of types based on
availability.

Sample Procurement

We purchased samples of frozen shrimp from 27
metropolitan areas across the U.S. over a period
of about two weeks from March to April of 2014.
Samples were purchased at retail from large chain
supermarkets, big-box stores, and “natural” food
stores. The vast majority of samples purchased
were prepackaged. Samples were kept frozen on
dry ice and shipped overnight to the testing lab.

A total of 284 frozen uncooked shrimp samples

and 58 frozen cooked shrimp samples were purchased for microbiological and chemical analysis.
As planned, the majority of our samples were imported farmed shrimp. Details on the breakdown by
country of origin, production type, product type, and label claims are presented below.

COUNTRY OF ORIGIN

Uncooked samples were sourced from 10 different countries, with approximately 21 percent from the

U.S., 13 percent to 15 percent from each of the top importing countries (India, Thailand, Vietnam, and
Indonesia), and 6 percent or less from several other countries that contributed fewer retail products to
the U.S. market in our survey (Figure 2).

Argentina China
Bangladesh % /— 39
4%
Mexico
5%

Ecuador
6%

Thailand
15%

Figure 2. Country of origin listed for uncooked shrimp samples.

Cooked samples purchased were from six different countries, with 34 percent of the sample originat-
ing from Thailand, about 20 percent each from the U.S. and Vietnam, and smaller proportions from
India, Indonesia, and China (Figure 3).

Indonesia
3%

Thailand
34%
_—

—_—

Figure 3. Country of origin listed for cooked shrimp samples.
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FARMED VS. WILD-PRODUCED SHRIMP

As is the case in the marketplace, the majority of both uncooked and cooked shrimp in our sample
were farmed (Table 2). At the time of our purchase, wild shrimp were found only from the U.S., Argen-
tina (uncooked only), Mexico (uncooked only), and India (cooked only). All of the shrimp from Argenti-
na were wild, and nearly all of the U.S. shrimp were also wild. All shrimp we purchased from Thailand,
Vietnam, Indonesia, Ecuador, China, and Bangladesh were farmed.

Table 2. Production type (farm-raised or wild-caught) for shrimp samples by country of origin.

Uncooked Cooked
Country of Origin Farmed Wild Farmed Wild
u.S. 5 (8.3%) 55 (91.7%) 12 (100%)
India 43 (100%) 4 (57.1%) 3 (42.9%)
Thailand 41 (100%) 20 (100%)
Vietnam 40 (100%) 11* (100%)
Indonesia 36 (100%) 2 (100%)
Ecuador 8 (100%)
Bangladesh 2 (100%)
China 9 (100%) 5 (100%)
Mexico 6 (46.2%) 7 (53.8%)
Argentina 12 (100%)
Total 210 (73.9%) 74 (26.1%) | 42* (73.7%) 15* (26.3%)

‘SUSTAINABLE’ SAMPLES

Many sustainability claims can be found on pack-
ages of shrimp in the market, and these vary in
meaning. We found some labels to be meaningful
and some to fall short. For a full review of the
standards behind sustainable label claims related
to shrimp, see pp. 13-21.

WILD

Many wild shrimp are considered sustainable
choices, (see labeling section, pp. 22-23) in part
because no drugs and few chemical inputs are
used in wild systems. As discussed on pages 22-23,
there are issues with fishing practices that can
vary with origin and that are critical to determin-
ing whether wild shrimp are fished sustainably or
not.

Making truly sustainable choices when purchas-
ing is possible but can be challenging. We noted
that methods used for catching wild shrimp were
not explicitly stated on the packaging of most
products we tested. In addition, 15 percent of our
U.S. wild shrimp samples did not list the specific
region where the shrimp were caught.

We found a “Best Choice” by Seafood Watch
claim on three of the uncooked U.S. wild-caught
samples purchased from Whole Foods Market;
two were from the Gulf and one was from the
Pacific. We found the MSC Certified Sustainable

Note: Blanks indicate samples were not available for this country and production type. * One cooked sample from
Vietnam had an unknown production type and is not included in the table.

Many of our samples from the U.S. had additional information about origin. For our uncooked sam-
ples, two-thirds of the wild U.S. shrimp had labels that indicated they were from the Gulf or Key West,
while we found and purchased fewer that indicated they were from the Atlantic or Pacific (Figure 4;).

Sustainable Farm
8%

Atlantic 8%

Pacific 2% —,

Not Listed 15%

Figure 4. U.S. region listed on domestic farmed and wild-caught uncooked shrimp samples.

Seafood seal on four of our cooked samples; all
four were from a single brand, and the shrimp
were caught in Oregon.

FARMED

The only farmed samples we tested that had a
label that we consider to be meaningful were pur-
chased from Whole Foods Market.

We purchased 22 uncooked and six cooked
samples from Whole Foods Market that carried a
“Responsibly Farmed, 3 Party Verified” seal. (Note:
All shrimp at Whole Foods should carry that seal.)
The uncooked samples came from Thailand (n=12),
the U.S. (n=5), and Ecuador (n=5), and the cooked
samples were from Thailand (n=6).. In addition to
the Whole Foods “Responsibly Farmed” label, we
rate and recommend additional sustainability labels
for farmed fish.

BEST AQUACULTURE PRACTICES CERTIFICATION
The most common certified label we found on the
shrimp we purchased was the Global Aquaculture
Alliance (GAA) Best Aquaculture Practices (BAP)
label. That label was found on 99 samples we pur-
chased (Table 3). As previously discussed, the label
has different tiers and levels of meaningfulness as
indicated by the number of stars in the logo (see

p- 20). About 54 percent of the samples with a BAP
certification had one star, 34 percent had two stars,
and 10 percent had four stars. We found no samples
with three stars, and we were unable to identify the
number of stars for two packages. All BAP certifi-
cations were evaluated and only considered to be
somewhat meaningful for sustainability. And because

Jfour of the 11 samples with illegal residues we found

were BAP certified, we do not recommend the label at
this time.

Table 3. Farmed shrimp samples with Best Aquaculture Practices (BAP) claim on package label.

Uncooked Number of Stars Cooked Number of Stars
Country of Origin - . 3 P ] 2 2 P
us. 0 (0%) -
India 18 (41.9%) 9 9 4 (100%) 1] 2
Thailand 18 (43.9%) | 14 | 4 4 (20%) 3 1
Vietnam 23 (57.5%) 8 | 13 1 5 (45.5%) 2 2 1
Indonesia 12 (33.3%) 9 3 1 (50%) 1
Ecuador 6 (33.3%) 6 -
Bangladesh 0 (0%) -
China 3(33.3%) 3 5 (100%) 5
Mexico 0 (0%) -
Total 80 (38.1%) 19 (45.2%)

Note: Asterisk (¥) means information was missing for one sample from this origin; dash (-) means no cooked samples were

available from this country.
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OTHER LABEL CLAIMS

Claims related to ingredients—such as no added
chemicals, no antibiotics, no hormones, no pre-
servatives, and no sulfites—and organic standards
were also found on a small proportion of packag-
es. Some ingredients listed on shrimp packages
aside from shrimp included salt, sodium bisulfite
(preservative), sodium tripolyphosphate (mois-
ture retention), sodium metabisulfite (to prevent
melanosis/black spot), water, sodium bicarbon-
ate (phosphate-free moisture retention), and
citric acid. Additionally, artificial coloring agents,
including paprika and red food coloring, were
listed in the ingredients for three of the samples
in this study; all three were cooked samples from
India.

A “no antibiotics” claim was found on 10
uncooked samples, all with third-party verifi-
cation and from Ecuador (purchased at Whole
Foods or sold by Ecofish). Though not void of
meaning, we would caution that a no antibi-
otics claim without third-party certification
would be less reliable than one with third-party
certification.

SHRIMP TYPES

SHRIMP SPECIES

Additional characteristics for the shrimp samples
included product type, size, and species. Species
was the least consistently available information
on retail packages. Less than 45 percent of sam-
ples had the genus and species names or type

of shrimp (i.e., white shrimp) listed, and a 2014
study by Oceana indicated that species labeling of
shrimp can sometimes be inaccurate.

PRODUCT TYPE

Product type refers to the peeled status of the
shrimp and whether the vein has been left in or
removed. The most common product type for
uncooked shrimp was EZ-Peel (deveined) (Table
4); EZ-Peel refers to shrimp that have an easy-
to-peel shell but their heads have been removed
and they have been deveined. The most common
product type for cooked shrimp was Peeled

& Deveined Tail On (i.e., “traditional” cocktail
shrimp).

Table 4. Product types for uncooked and cooked shrimp samples.

Number (%) of samples

Product Type Uncooked Cooked

EZ-Peel (deveined) 117 (41.2%) 3 (5.2%)
Peeled & Deveined Tail On 0(17.6%) 27 (46.6%)
Peeled & Deveined (tail off) 8 (20.4%) 8 (13.8%)
Shell On (un-deveined) 6 (16.2%) 1(1.7%)
Salad Shrimp 15 (25.9%)
Peeled Tail On (un-deveined) 8 (2.8%) 2 (3.4%)
Peeled Un-deveined (tail off) 5(1.8%) 2 (3.4%)
Total 284 (100%) 58 (100%)

Notes: - Blanks indicate samples were not available in this product type
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Product type also differed by country (Table 5). Uncooked shrimp from several countries—India,
Indonesia, Thailand, Bangladesh, and China—were mostly EZ-Peel (deveined). Fifty-eight percent of
uncooked samples from Vietnam were Peeled & Deveined (with the tail on or off); 51 percent of U.S.

wild shrimp were Shell On (un-deveined) and 36 percent were Peeled & Deveined (tail off).

Table 5. Number of uncooked shrimp samples of each product type by country of origin and production method.

Peeled & Peeled & Peeled Peeled
EZ-Peel Deveined Deveined Shell On Tail On Un-Deveined

Country of Origin (Deveined) Tail On (Tail off) (Un-Deveined) | (Un-Deveined) (tail off)
India (Farmed, n=43) 28 11 1 0 3 0
Indonesia (Farmed, n=36) 26 5 3 2 0 0
Thailand (Farmed, n=41) 21 6 12 2 0 0
Vietnam (Farmed, n=40) 16 18 5 1 0 0
Bangladesh (Farmed, n=12) 8 0 0 4 0 0
China (Farmed, n=9) 6 1 2 0 0 0
Ecuador (Farmed, n=18) 5 0 6 2 5 0
Mexico (Wild, n=7) 3 1 1 2 0 0
U.S. (Farmed, n=5) 2 3 0 0 0 0
Mexico (Farmed, n=6) 1 3 2 0 0 0
U.S. (Wild, n=55) 1 1 20 28 0 5
Argentina (Wild, n=12) 0 1 6 5 0 0

n is the number of samples from origin

All of the samples we purchased were headless. Peeling and deveining shrimp are additional pro-
cessing steps that can require more handling (by manual laborers and/or automated machines). It is
generally believed that some contamination of shrimp with pathogens can occur directly from food
handlers, equipment, or the environment during processing.?®® We consider the Peeled & Deveined
(tail off) shrimp to be the most processed type in our sample; the least handled product type, Shell On
(un-deveined). (See S. aureus results section on p. 40 for more information on the possible influence of
shrimp type on our test findings.)
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Testing Methods

Microbiology Testing Methodology

WE TESTED SHRIMP for E. coli (generic), Salmo-
nella species, Listeria monocytogenes, Staphy-
lococcus aureus, and Vibrio species because those
organisms can cause foodborne illness and/or
extra-intestinal infections in humans (i.e., E. colz
causes extra-intestinal infections and S. aureus can
cause both). We also tested for Aeromonas because,
like Vibrio, they can occur in marine environments,
and we thought they might serve as a common
indicator organism. In addition, under specific
conditions certain Aeromonas species can cause
disease in shrimp, as well as in humans.

Test methods were adopted from the FDA
NARMS Program, the FDA Bacteriological Ana-
lytical Manual (BAM), and papers published in the
peer-reviewed scientific literature.?’

Some bacteria, such as Salmonella and Listeria
monocytogenes, are known to be pathogenic to
humans, and there is little or no tolerance for their
presence on food because they are considered an
inherent food safety risk. For some other bacteria,
such as E. coli, there are higher tolerances for their

presence because they do not typically cause food
poisoning, although certain types may be able to
do so or may be associated with other extra-intes-
tinal infections.?®

We also tested isolates of Salmonella and E. coli
that we found to try to determine their virulence.
All Salmonella isolates underwent further testing to
identify serotypes based on the Kaufman-White
Scheme and CDC guidelines. In addition, DNA
“fingerprinting” by pulsed-field gel electrophoresis
(PFGE) was performed based on CDC PulseNet
methods. All E. coli underwent further genetic test-
ing for extra-intestinal pathogenic E. coli (EXPEC)
virulence genes using real-time PCR.

After all bacteria we found were identified and
confirmed, antibiotic susceptibility testing was
performed. Minimum inhibitory concentrations
were determined by broth microdilution based on
Clinical and Laboratory Standards Institute (CLSI)
methods. When available, 2014 CLSI interpretive
criteria were used; otherwise breakpoints from the
FDA NARMS 2011 Report or FDA were used.

Testing Results and Discussion

Overall Prevalence of Bacteria
WE TESTED 284 samples of uncooked

shrimp and 58 samples of cooked shrimp
to determine whether several types of potential
bacterial pathogens could be found on them.
The bacteria we looked for were E. coli (generic),
Salmonella species, Listeria monocytogenes, Vibrio
(Vibrio cholerae, V. parahaemolyticus, V. vulnificus),
Staphylococcus aureus, and Aeromonas species.

As expected, uncooked samples were

significantly more likely to have at least one of
the bacteria we looked for than were cooked
samples. Overall, 60 percent (n=171) of uncooked
samples were contaminated with one or more of
the bacteria we were looking for, and we found
the organisms on only 15.5 percent (n=9) of the
cooked samples. Prevalence rates for the specific
organisms are given below (Table 6).

Table 6. Prevalence of bacterial species among uncooked and cooked shrimp samples.

Number (%) of samples

Target Bacteria Uncooked Cooked

Vibrio spp. 79 (27.8%) 1 (1.7%)
Aeromonas spp. 74 (26.1%) 5 (8.6%)
S. aureus 58 (20.4%) 2 (3.5%)
E. coli 30 (10.6%) 2 (3.5%)
L. monocytogenes 4 (1.4%) 0 (0%)
Salmonella spp. 1 (0.4%) 0 (0%)

We tested a total of 284 Uncooked and 58 Cooked samples.

Because few bacteria were isolated from cooked shrimp, the majority of the following discussion and
analysis is focused on the uncooked samples.

Differences in Bacterial Prevalence and Resistance
Based on Country of Origin and Production Type

PREVALENCE OF BACTERIA
Shrimp originating from some countries and production methods (farm-raised or wild-caught) were
more likely than others to contain the bacteria we looked for.

Overall, U.S. wild shrimp tended to be contaminated with fewer bacteria than other shrimp, but
specific rates of contamination varied by country and production method and by type of bacteria.
U.S. wild shrimp were statistically less likely to contain at least one type of bacteria compared with
uncooked shrimp from Bangladesh, India, and Indonesia (Figure 5). Moreover, though 60 percent of
U.S. wild shrimp did not have any of the bacteria we tested for, at least 70 percent of samples from
India, Bangladesh, Vietnam, and Indonesia had at least one of the types of the bacteria, including 20
percent with two or three of the types of the bacteria in our study. Other countries’ contamination rates
fell somewhere in between.

A

Bangladesh (Farmed, n=12)

India (Farmed, n=43) A

Indonesia (Farmed, n=36)

Argentina (Wild, n=12)

Vietnam (Farmed, n=40)

Ecuador (Farmed, n=18)

U.S. (Farmed, n=5)

Mexico (Wild, n=7)

Mexico (Farmed, n=6)

Thailand (Farmed, n=41)

China (Farmed, n=9)

U.S. (Wild, n=55) *
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Bangladesh (Farmed, n=12) A

India (Farmed, n=43) A

Indonesia (Farmed, n=36) A

Ecuador (Farmed, n=18)

Vietnam (Farmed, n=40)

Thailand (Farmed, n=41)

Argentina (Wild, n=12)

U.S. (Wild, n=55) [ *
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Figure 5. Uncooked shrimp samples with at least one type of bacteria: A includes Aeromonas, B does not include Aeromonas and does
not show country of origin and production type groupings that had fewer than 10 samples.

U.S. wild samples (marked with *) were significantly less likely to have one or more of the bacteria we looked for than samples
from Bangladesh, India, or Indonesia (marked with ~). Samples with n less than 10 had sample size too small for comparison.
n is the number of samples from origin.

Though there were differences in the prevalence of contamination of farmed uncooked shrimp from
different countries—for instance, lower rates of contamination among farmed samples from China and
Thailand vs. other countries—the differences were not statistically significant.
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Antibiotic Resistance

We tested almost all of the bacteria we isolated for antibiotic resistance. Overall, the likelihood of find-
ing bacteria resistant to antibiotic classes (families of antibiotics) also differed by production method
and country of origin. Resistance to more than three classes of antibiotics was found for bacteria from
farmed shrimp from Ecuador, Vietnam, Bangladesh, and Indonesia (Table 7 and Figure 6). The coun-
try and production methods that had the fewest bacteria with resistance (i.e., no resistance) included
U.S. wild and farmed shrimp, farmed shrimp from China and Thailand, and wild shrimp from Argen-
tina and Mexico.

Table 7. Proportions of uncooked shrimp samples with bacterial resistance to antibiotic classes.

Country of Origin (Production Resistance to
Type, Number of Samples With Resistance to Resistance to Resistance to More than 3
at Least One Isolate) No Resistance 1 Class 2 Classes 3 Classes Classes
Ecuador (Farmed, n=11) 18% 9% 46% 9% 18%
Vietnam (Farmed, n=25) 20% 24% 28% 16% 12%
Bangladesh (Farmed, n=10) 20% 20% 20% 30% 10%
Mexico (Farmed, n=3) 33% 33% 0% 33% 0%
India (Farmed, n=35) 40% 34% 17% 9% 0%
Indonesia (Farmed, n=26) 46% 15% 31% 4% 4%
Thailand (Farmed, n=18) 50% 17% 33% 0% 0%
Argentina (Wild, n=8) 50% 37% 13% 0% 0%
Mexico (Wild, n=4) 50% 25% 25% 0% 0%
U.S. (Farmed, n=3) 67% 0% 33% 0% 0%
U.S. (Wild, n=21) 67% 14% 14% 5% 0%
China (Farmed, n=4) 75% 0% 25% 0% 0%

n is the number of samples with at least one bacterial isolate

Looking more closely, bacteria on U.S. wild shrimp were resistant to the fewest number of classes of
antibiotics compared with bacteria on farmed shrimp from Ecuador, Bangladesh, and Vietnam (Figure
6). Though resistance was low in farmed shrimp from China, the sample size was too small to make it
statistically significant.

MULTIDRUG-RESISTANT ISOLATES

When a bacterial isolate shows resistance to three or more classes of antibiotics, it is called multidrug
resistant (MDR). The proportions of MDR bacterial isolates were compared among countries and
production types for samples that had bacteria. We found that farmed samples from Bangladesh (50
percent) and Ecuador (86 percent) had the highest proportions of MDR isolates among samples with
bacteria, whereas just one of 21 (5 percent) U.S. wild samples with bacteria had an MDR isolate (Figure
7). Among the farmed shrimp with bacteria, those from Thailand, Indonesia, or India were also less
likely to have MDR bacterial isolates (O percent to 9 percent). We also did not find MDR isolates among
bacteria from wild shrimp from Mexico or Argentina or farmed shrimp from China, but the number
of samples with at least one isolate (n) was not large enough to determine statistical significance. (The
numbers of MDR isolates we found for each type of bacteria can be found below in Table 11 and are
discussed in greater detail under headings for each type of bacteria.)

Bangladesh (Farmed, n=10)
Ecuador (Farmed, n=11)
Mexico (Farmed, n=3)
Vietnam (Farmed, n=25)
India (Farmed, n=35) o *
Indonesia (Farmed, n=26)
U.S. (Wild, n=21) o *
Argentina (Wild, n=8)
U.S. (Farmed, n=3)
Mexico (Wild, n=4)
Thailand (Farmed, n=18) | *
China (Farmed, n=4)

0% 10% 20% 30% 40% 50% 60%

Figure 7. Proportion of uncooked shrimp samples with bacteria that had at least one multidrug-resistant (MDR) bacterial isolate.
Statistically significant difference found between groups marked with * and those marked with ~. Samples with n less than 10 had
sample size too small for comparison.

n is the number of samples with at least one bacterial isolate.

RESISTANCE TO ANTIBIOTIC CLASSES

When we analyzed resistance to specific classes of antibiotics, resistance also varied by production
type and country. Wild shrimp from the U.S. had the lowest resistance to each of the classes (Table

8). Farmed samples from Vietnam, Ecuador, and Bangladesh were more likely to have higher rates of
resistance for several of the classes of antibiotics. However, in the case of phenicol antibiotics, a higher
proportion of samples with bacteria (33 percent) from Vietnam were resistant compared with shrimp

Ecuador (Farmed, n=11) - K from the other countries.
Bangladesh (Farmed, n=10) I .
) Table 8. Resistance to antibiotic classes of uncooked farmed shrimp and wild-caught US shrimp with bacteria.
Vietnam (Farmed, n=25) I L
Mexico (Farmed, n=3) 1 class Antibiotic Class Lowest Resistance Rates Highest Resistance Rates
India (Farmed, n=35) " 52 classes
Indonesia (Farmed, n=26) I 3 classes Aminog|ycoside U.S. (VV||d) Ecuador
Mexico (Wild, n=4) I 4 classes
Thailand (Farmed, n=18) =5 classes
' 6 classes Penicillin (Beta-lactam) [U.S. (Wild) Ecuador
Argentina (Wild, n=8) III— "7 classes
U.S. (Farmed, n=3) - No resistance i US ild , Thailand |ndia’ i
e — Phenicol (Wild) ’ Vietnam
U.S. (Wild, n=21) Bangladesh, Ecuador
China (Farmed, n=4) I
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Sulfonamide U.S. (Wild), Thailand, Ecuador Vietnam, Bangladesh
Percent Within Country
Figure 6. Antibiotic resistance (number of classes) of bacteria from shrimp samples by country and production type. Tetracycline U.S. (Wild) Vietnam, Ecuador

Bacteria found on wild samples from the U.S. (marked with *) were resistant to significantly fewer classes of antibiotics than bacteria
found on samples from Ecuador, Bangladesh, and Vietnam (marked with ~). Samples with n less than 10 had sample size too small
for comparison.

n is the number of samples with at least one bacterial isolate.

Note: Except for U.S., as noted, production method for listed countries is Farmed; HIGH and LOW resistance rates presented are
significantly different; the numbers of samples with bacteria were less than 10 for China (Farmed), Mexico (Farmed, Wild), U.S.
(Farmed), and Argentina (Wild), so significance could not be determined.
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ANALYSIS OF SAMPLES BY LABELS
There was a difference in prevalence and resistance rates in U.S. wild shrimp, which were relatively
lower than a number of farmed shrimp. All wild shrimp were also free of any antibiotic residues.

We did not see a meaningful difference in prevalence or measures of resistance among certified
farmed shrimp we rated as meaningful or highly meaningful compared with conventionally farmed
shrimp. Overall, we also did not see a difference in prevalence or resistance between shrimp with BAP
certifications and other conventional shrimp. That may be because there actually is no difference,
because our sample size was too small to see a difference, because cross-contamination of those prod-
ucts may have occurred during processing, or because of other reasons.

Details on Findings for Specific Types of Bacteria

We looked for six different types of bacteria. Examining the data on those individual types of bacteria,
we see some differences in prevalence and resistance profiles related to production type and country
(Table 9 and below).

Table 9. Comparison of the prevalence of potential bacterial pathogens on uncooked shrimp by country of origin and production type.

(Production Type, Number Salmonella Aeromonas
of Samples) Vibrio spp. S. aureus E. coli Listeria spp. spp- spp-

India (Farmed, n=43) 24 56% 10 23% 8 19% 1 2% 0 0% 21 49%
Indonesia (Farmed, n=36) 17 47% 11 31% 3 8% 0 0% 0 0% 4 11%
Thailand (Farmed, n=41) 16 39% 2 5% 1 2% 0 0% 0 0% 6 15%
Vietnam (Farmed, n=40) 11 28% 10 25% 7 18% 0 0% 1 3% 11 28%
Ecuador (Farmed, n=18) 4 22% 8 44% 0 0% 0 0% 0 0% 1 6%
China (Farmed, n=9) 1 11% 1 11% 0 0% 0 0% 0 0% 3 33%
U.S. (Wild, n=55) 5 9% 4 7% 1 2% 1 2% 0 0% 15 27%
Argentina (Wild, n=12) 1 8% 3 25% 0 0% 0 0% 0 0% 5 42%
Bangladesh (Farmed, n=12) 0 0% 6 50% 9 75% 0 0% 0 0% 2 17%
Mexico (Farmed, n=6) 0 0% 1 17% 0 0% 0 0% 0 0% 3 50%
U.S. (Farmed, n=5) 0 0% 1 20% 0 0% 2 40% 0 0% 0 0%
Mexico (Wild, n=7) 0 0% 1 14% 1 14% 0 0% 0 0% 3 43%

n is the number of samples from origin

VIBRIO SPECIES

Bottom line: Overall, the high frequency with which we detected Vibrio species in our uncooked
shrimp samples was surprising. Though the government (FDA) requires producers/processors to con-
trol Vibrio in molluscs, it does not have specific requirements for Vibrio or any other bacterial controls
for shrimp. The FDA suggests that freezing and heating are control processes to kill or reduce Vibrio
species for molluscs and suggests freezing may be effective for non-molluscan shellfish as well. Given
that we found Vibrio on 28 percent of uncooked, frozen shrimp, we think that the FDA should reconsid-
er and reassess the effectiveness of freezing to reduce Vibrio and should require shrimp producers to
also control for Vibrio (as part of shrimp HACCP). The presence of ¥ibrio on one cooked sample is not
highly alarming, but nevertheless, the contamination with that and other types of bacteria should be
prevented from occurring in cooked foods. Ideally, ready-to-eat foods such as cooked shrimp should
be free of potentially harmful pathogens.

Background: Vibrio species are frequently isolated from marine environments and can cause infec-
tions in shrimp. Many environmental isolates are non-pathogenic, but strains that produce Vibrio
toxins can cause serious infections in people. In fact, Vibrio infections are the most common cause of
seafood-related outbreaks and deaths in the U.S., though they are usually due to consumption of raw
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oysters, not shrimp.?®" 262 [ parahaemolyticus, V. vulnificus, and V. cholerae that contaminate shellfish can
all cause gastroenteritis if they are consumed. V. parahaemolyticus is most likely to cause food poisoning,
and the CDC estimates that about 35,000 infections with V. parahaemolyticus occur each year.?® Accord-
ing to the CDC, the incidence of Vibrio infections (mostly with V. parahaemolyticus and mostly from
oysters) increased by 32 percent in 2013 compared with 2010 to 2012 and was at the highest rate noted
since data collection began.?*

Vibrio species were the most common potential pathogen we isolated from shrimp. Although cook-
ing will kill those organisms, they can potentially contaminate cooked foods in the kitchen if proper
hygiene is not practiced.? Vibrio were isolated from 79 (28 percent) uncooked shrimp samples. V. para-
haemolyticus was recovered from 77 of those samples, V. cholerae from four, and V. vulnificus from one.

We did not test the V. parahaemolyticus, V. cholerae, and V. vulnificus isolates for toxins, so the virulence
of the isolated strains is not known.

Test findings: When we looked at the production types, farmed samples from India and Indonesia were
more likely to have Vibrio, and farmed samples from Bangladesh and wild samples from either the U.S. or
Argentina were the least likely (Figure 8 and Table 9).

India (Farmed, n=43) A

Indonesia (Farmed, n=36)

Thailand (Farmed, n=41)
Vietnam (Farmed, n=40)
Ecuador (Farmed, n=18)

China (Farmed, n=9)

U.S. (Wild, n=55) L * “Vibrio spp.
Argentina (Wild, n=12) [ *
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U.S. (Farmed, n=5)
Mexico (Farmed, n=6)
Mexico (Wild, n=7) | *
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Figure 8. Prevalence of Vibrio species on uncooked shrimp by country of origin and production type.
Statistically significant difference found between groups marked with * and those marked with ~. Samples with n less than 10 had

sample size too small for comparison.
n is the number of samples from origin.

Food poisoning caused by Vibrio is usually self-limited and treated with fluids, not antibiotics. Most
people will recover within a few days. Other types of infections caused by Vibrio may require antibiot-
ics, and the first line of treatment is doxycycline (which is in the tetracycline class of antibiotics), plus
a cephalosporin or a quinolone added.? In our tests we found only one MDR Vibrio isolate, which was
resistant to ceftazidime, a cephalosporin; gentamicin, an aminoglycoside; and tetracycline (Table 10).

Table 10. Multidrug-resistant (MDR) bacterial isolates found on uncooked shrimp.

Target Bacteria Number (%) Samples With MDR Isolates
S. aureus (n=58) 18 (31%)

E. coli (n=30) 2 (6.7%)

Aeromonas spp. (n=73") 3 (4.1%)

Vibrio spp. (n=69%) 1(1.5%)

L. monocytogenes (n=4) 0 (0%)

Salmonella spp. (n=1) 0 (0%)

*Ten samples for Vibrio and one sample for Aeromonas could not be tested, so denominators do not include
those samples. n is the total number of isolates for each type of bacteria.
Note: MDR = MRSA or bacterial isolate resistant to =1 drug in =3 antibiotic classes.
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Among samples with vibrios, 14 percent were resistant to tetracyclines and 32 percent were resistant
to beta-lactams, the class that includes cephalosporin antibiotics (Table 11). The results are especially
concerning because those drugs are indicated for treatment of infections with that type of bacteria. We
also noted that 17 percent of samples with vibrios were resistant to aminogylcosides. Though amino-
glycosides are not first-line agents for treating Vibrio infections, they are very important drugs used to
treat infections caused by other types of bacteria. There was no resistance to quinolones in the Vibrio
isolates we found.

Table 11. Resistance of Vibrio species isolated from uncooked shrimp samples to important antibiotic classes.

Number (%) of samples resistant to antibiotic class
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Ten samples for Vibrio could not be tested, so denominators do not include those samples.

n is the total number of samples that contained at least one ¥brio isolate.

Notes: Blanks indicate test was not applicable. ? Beta-lactam class includes third-generation cephalosporins and amoxicillin/
clavulanic acid.

STAPHYLOCOCCUS AUREUS

Bottom line: In our study, S. aureus was found on 60 (17.5 percent) uncooked and two (3.5 percent)
cooked samples. Based on our findings, it appears that samples that were likely to be the least handled
(shell on) typically had less S. aureus compared with samples that were likely to be the most handled.
That varied by country. Because S. aureus is a common contaminant of skin and surfaces, the source of
S. aureus on food may be handling by contaminated workers.?7- 268,269,270

Multidrug-resistant (MDR) S. aureus were found on 31 percent of uncooked shrimp samples (Table
10, above). On seven of the 18 samples with MDR S. aureus isolates, the MDR isolate was a MRSA isolate.
That is more MRSA than we have seen in each of our previous studies of chicken, turkey, and pork.
Among samples that had S. aureus, MDR S. aureus were more likely to be from farmed shrimp from
Vietnam (70 percent), Bangladesh (50 percent), or Ecuador (50 percent). At least one MDR S. aureus was
isolated from farmed samples sourced from Indonesia and India, as well as one from a wild shrimp
sample from the U.S.

Background: Staphylococcus aureus bacteria are commonly found on the skin of humans and animals
and can live there without causing disease. Under certain circumstances, though, the bacteria can cause
a range of infections, including those of the skin, lungs, and blood. S. aureus is also one of the most
common causes of food poisonings and is estimated to cause in excess of 241,000 cases in the U.S. each
year.?’! In order to cause gastroenteritis, staphylococci must have the ability to make Staphylococcal
enterotoxin. Those toxins are heat stable, so although cooking can kill the bacteria on food, the toxins
can still remain. It is important to always keep food such as shrimp cold prior to cooking so as not to
allow any staphylococci present to grow and produce enough toxin to cause illness. In this study, we
did not do testing to determine whether the S. aureus isolates we found were capable of producing
enterotoxin.

When S. aureus becomes resistant to methicillin/oxacillin, it is know as methicillin-resistant Staphy-
loccccus aureus, or MRSA. MRSA is a medically significant, human pathogen that can cause serious
infections.?”%2* MRSA was first recognized for its spread in hospitals but is now also frequently com-
munity-acquired through contact with people who are colonized by MRSA, their personal care items
(e.g., towels), or surfaces that have been contaminated, including fitness equipment.?’ On the other
hand, exposure to MRSA via food, and seafood in particular, is not a commonly discussed route of
acquisition. The findings of our study are concerning because they reveal that contamination of shrimp
with MRSA may be yet another exposure consumers may have to that increasingly prevalent and
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difficult-to-treat MDR pathogen.

Test findings: Overall, the highest proportions of S. aureus on uncooked samples were farmed shrimp
from Bangladesh (50 percent) and Ecuador (44 percent) (Figure 9). Bangladesh, Ecuador, Indonesia,
and Vietnam (all farmed shrimp) were more likely to have S. aureus than were farmed shrimp from
Thailand or wild shrimp from the U.S.
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Figure 9. Prevalence of Staphylococcus aureus on uncooked shrimp by country of origin and production type.

Statistically significant difference found between groups marked with * and those marked with ~. Samples with n less than 10 had
sample size too small for comparison.

n is the total number of samples from origin.

We tested our isolates against a wide array of antibiotics, many of which are potential antibiotic treat-
ments for infections caused by S. aureus. Though drugs in the beta-lactam class, including penicillins
or cephalosporins, have been commonly used as empiric therapy for S. aureus infections, an increasing
prevalence of infections caused by MRSA, which are resistant to those antibiotics, has meant that other
classes of drugs—including quinolones, tetracyclines, and sulfonamides—are becoming more heavily
relied upon.?’527¢ The results of our study revealed that 76 percent of samples with S. aureus showed
resistance to drugs in the beta-lactam class, 28 percent had resistance to tetracyclines, 24 percent had
resistance to sulfonamides, and 24 percent had resistance to macrolides (not a common treatment for
S. aureus, but common for other types of bacteria) (Table 12). Additionally, chloramphenicol resistance
was found for seven samples (chloramphenicol is not approved for shrimp farming in most countries,
and detection of the drug residue in food is grounds for refusal of imports into the U.S.).

Table 12. Resistance of S. aureus isolated from uncooked shrimp samples to important antibiotic classes.

Number (%) of samples resistant to antibiotic class
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a_%uéeus 4 |7e%)| 14 |@a%)| 7 |12%)| 4 | 7%) 9 | (16%) 14| (@4%)] 16 |(28%)

n is the number of samples with at least one S. aureus isolate.
Notes: Blanks indicate test was not applicable. (S. aureus showed no resistance to nitrofurans, oxazolidinones, lipopeptide, and glyco-
peptide classes (not presented in table).) * Beta-lactam class includes third-generation cephalosporins and amoxicillin/clavulanic acid.
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ESCHERICHIA COLI (E. COLI)

Background: E. coli is a common inhabitant of the gastrointestinal tract of humans and animals, where
it can live without causing illness. However, when E. coli infects other parts of the body (extra-intestinal
infections) such as blood, the urinary tract, and organs, it can pose serious health risks, especially if it
can’t be killed easily with antibiotics. Some pathogenic strains of E. coli cause foodborne illness (such
as the infamous O157:H7), as well. In this test, we looked for generic E. coli only as a measure of general
filth and did not look for the specific types associated with food poisoning. For each E. coli, we looked
for a limited number of virulence genes associated with extra-intestinal infections. Bacteria with those
genes are known as extra-intestinal pathogenic E. coli (ExPEC).?””

Test findings: We found E. coli on 30 (9.4 percent) uncooked and two (3.5 percent) cooked shrimp
samples. Farmed samples from Bangladesh had a disproportionately high rate (75 percent) of E. coli,
especially compared with wild samples from Argentina (O percent) and the U.S. (2 percent) and farmed
samples from Ecuador (0 percent) (Figure 10).

Bangladesh (Farmed, n=12) AAR
India (Farmed, n=43) [ AA
Vietnam (Farmed, n=40) [ A

Mexico (Wild, n=7) [
Indonesia (Farmed, n=36)
Thailand (Farmed, n=41) =
U.S. (Wild, n=55) |« *

*

“E. coli
Ecuador (Farmed, n=18)

China (Farmed, n=9)
Argentina (Wild, n=12) | *
U.S. (Farmed, n=5)
Mexico (Farmed, n=6)
0% 10% 20% 30% 40% 50% 60% 70% 80%
Percent Prevalence

Figure 10. Prevalence of Escherichia coli on uncooked shrimp by country of origin.

Statistically significant difference found between groups marked with *, ~~~, ~~, and ~. Samples with n less than 10 had sample size too
small for comparison.

n is the number of samples with at least one E. coli isolate.

There was significant resistance to sulfonamides in the E. coli isolated from our samples (77 percent);
sulfonamides have traditionally been an important class of drug for treating simple E. coli infections
(Table 13).27¢ Utility of sulfa drugs for treating simple E. coli infections has decreased, however, as resis-
tance rates have risen.?”® In addition, there was resistance to tetracyclines among 17 percent of samples,
and though that class of antibiotics is not important for treating E. coli, it is important for treating other
types of bacteria. Of the 30 samples that had E. coli, two (6.7 percent) farmed samples from Bangladesh
had MDR isolates.

Table 13. Resistance of E. coli isolated from uncooked shrimp samples to important antibiotic classes.

Number (%) of samples resistant to antibiotic class

Target
Bacteria

Beta-lactam?®
Macrolide
Phenicol
Quinolone
Lincosamide
Aminoglycoside
Ansamycin
Sulfonamide
Tetracycline

E. coli (n=30) 2 (7%) 0 (0%) 0 (0%) 2 (7%) 2 (7%) 23 [(77T%)| 5 |(17%)

n is the number of samples with at least one isolate of the bacteria.
Notes: Blanks indicate test was not applicable.? Beta-lactam class includes third-generation cephalosporins and amoxicillin/clavulan-
ic acid.
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Only one sample contained an E. coli that was
determined to be EXPEC. That does not mean
that the other bacteria we found are not capable
of causing extra-intestinal infections, though,
because we tested only for a limited number of
genes, and almost any bacteria may be able to
cause infection if it finds itself in the right place
under the right circumstances. That being said,
E. coli causing urinary tract infections may be
less likely to come from shrimp than from other
types of food.

LISTERIA MONOCYTOGENES

Bottom line: L. monocytogenes was found on only
four (1.4 percent) uncooked samples, and none
were isolated from cooked shrimp.

Background: Most of the time, Listeria is con-
sidered an adulterant on ready-to-eat foods,
including cooked shrimp, and may sometimes be
considered an adulterant on raw foods. Listeria
can be very serious, particularly for the young, the
old, and pregnant women. According to the CDC,
Listeria causes about 1,600 infections in the U.S.
each year and is the third leading cause of death
from food poisoning.?® Listeria infections are
mostly attributed to deli meats and hot dogs, soft
cheeses, unpasteurized milk, smoked seafood, and
some produce, including sprouts, cantaloupe, and,
recently, prepackaged caramel apples.?6-28' Listeria
can be killed by cooking, and even though Listeria
is not that common, the CDC recommends that
the immunocompromised cook deli meats to
avoid potential exposure to the deadly pathogen.?

SALMONELLA
Bottom line: We did not find any Salmonella
on cooked shrimp samples, where it should be

Mexico (Farmed, n=6)

considered an adulterant. We also found very
little on uncooked samples. Only three S. enterica
isolates were found from one uncooked sample.
The sample with Salmonella was resistant only to
sulfonamide antibiotics. The three Salmonella iso-
lates recovered from the sample belonged to the
serovar Weltevreden, a very common Salmonella
serotype isolated from seafood.??

Background: Salmonella is estimated to cause
as many as 1.2 million illnesses in the U.S. every
year.?* The FDA has an extensive list of countries
and firms that it has on import alert for Salmonella
in shrimp.284 285

AEROMONAS SPECIES

Aeromonads, like vibrios, are naturally occurring
in marine environments, though under certain
conditions they can cause infections in shrimp.?®
We chose to include Aeromonas in our testing to
investigate whether it could serve as a marker for
overall bacterial contamination and help us make
comparisons among different types of samples. It
is the type of bacteria in our test that is the least
concerning for human health, and though some
Aeromonas species can cause gastroenteritis in
humans, they are not a common cause of food
poisoning.?” We found only two shrimp samples
with a species (4. veronii) associated with human
disease.

Aeromonas was the second most frequently
isolated. Overall, Aeromonas species were isolated
from 74 (26.1 percent) uncooked shrimp samples
and five (8.6 percent) cooked samples. Among
uncooked shrimp, farmed samples from India
were most likely (49 percent) to have Aeromonas,
and samples from Ecuador (6 percent) and

India (Farmed, n=43)

Mexico (Wild, n=7)

Argentina (Wild, n=12)
China (Farmed, n=9)
Vietnam (Farmed, n=40)
U.S. (Wild, n=55)
Bangladesh (Farmed, n=12)
Thailand (Farmed, n=41)
Indonesia (Farmed, n=36) ... *
Ecuador (Farmed, n=18) ... *

U.S. (Farmed, n=5)

0% 10% 20% 30%

& Aeromonas spp.

40% 50% 60%

Percent Prevalence

Figure 11. Prevalence of Aeromonas species on uncooked shrimp by country of origin and production type.
Statistically significant difference found between groups marked with * and those marked with ~. Samples with n less than 10 had

sample size too small for comparison.
n is the number of samples with at least one Aeromonas isolate.
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Indonesia (11 percent) had significantly lower proportions with Aeromonas (Figure 11). There was no sig-
nificant difference in Aeromonas rates for any of the wild shrimp from the U.S. or Argentina compared
with shrimp sourced from farmed shrimp from countries with higher rates.

The availability of breakpoints for interpreting antibiotic resistance profiles of Aeromonas isolates is
very limited. Although that type of bacteria may appear to have lower rates of resistance than some of
the other bacteria we tested, it is important to remember that it did not have as many data points. In
spite of fewer antibiotics being evaluated, three samples had MDR Aeromonas isolates, and samples with
Aeromonas had some resistance to beta-lactam antibiotics (11 percent) and tetracyclines (10 percent)

(Table 14).

Table 14. Resistance of Aeromonas species isolated from uncooked shrimp samples to important antibiotic classes.

Number (%) of samples resistant to antibiotic class
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*One sample for Aeromonas could not be tested, so denominators do not include that sample.

n is the number of samples with at least one Aeromonas isolate.

Notes: Blanks indicate test was not applicable.? Beta-lactam class includes third-generation cephalosporins and amoxicillin/clavulan-

ic acid.

Antimicrobial Residue Testing

METHODS

The use of antimicrobial drugs in aquaculture
may be quite common, and yet very few stud-

ies have examined the extent of their use or the
extent of drug residues in retail shrimp. We con-
ducted extensive testing of our sample for resi-
dues of antimicrobial drugs. Many of the drugs
we tested for are potentially harmful to human
health (carcinogens), and their use is completely
banned in the U.S. and many other countries. We
also tested for antibiotic drugs that are not specifi-
cally approved for use in shrimp aquaculture but
that are allowed in U.S. shrimp farming through
extra-label use. While imported shrimp in the
U.S. are not supposed to be farmed with antibiot-
ics according to the FDA, they are permitted to be
used in certain countries for shrimp not intended
to come to the U.S.. When present, those drugs
are often found at such low levels that they are
unlikely to have adverse effects on human health.
They are nonetheless extremely concerning
because of their potential to promote the devel-
opment of antibiotic-resistant bacteria and that
any antibiotic residues are illegal on imported
shrimp.
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We tested the raw shrimp samples for a wide
variety of antimicrobial compounds that may be
used in shrimp aquaculture. Shrimp were main-
tained in a frozen state and shipped to ISO 17025
certified labs for testing. Prior to testing, the shell
and tail were removed from the shrimp (as appli-
cable) and edible portions for each individual
sample were homogenized.

Testing was conducted for the following classes
and individual drugs:

* Aminoglycosides

k Beta-lactams (including cephalosporins)

¢ Chloramphenicol*

* Lincomycin

¢ Macrolides

¢ Nitrofurans*

* Quinolones*

¢ Sulfonamides

*k Tetracyclines

¢ Triaryl dyes* (malachite green, crystal

violet, and metabolites)

% Virginiamycin
Note: For items marked with an asterisk (*), that drug or drugs
in that class are not permitted for extra-label use in U.S. farmed
shrimp. For unmarked items, that drug or some drugs in that
class are permitted for extra-label use in U.S. farmed shrimp

if prescribed by a veterinarian. Residues of all drugs listed are
illegal in imported shrimp.

All 284 shrimp samples underwent screening
for the triaryl dyes using an ultra high perfor-
mance liquid chromatography—-tandem mass
spectrometry (UHPLC-MS/MS) method.

All 284 shrimp samples also underwent screen-
ing for aminogylcosides, beta-lactams, quinolo-
nes, and tetracylines using immunoassays based
on biochip array technology. If a positive screen
was found, the sample was subjected to confirma-
tion testing using LC-MS/MS methods.

A random representative subsample of shrimp
from the 284 samples was selected for screening
for chloramphenicol, lincomycin, macrolides,
nitrofurans, sulfonamides, and virginiamycin.
The chloramphenicol screening was done using
an ELISA-based method, and the other drugs
were screened using LC-MS/MS methods.

Findings

Overall, we found 11 uncooked, imported, farmed
samples that contained one or more drug res-
idues that are not approved for use by the U.S.

in shrimp farming. No residues we tested were
found. Also, all of the residues we found were

in imported shrimp, not domestic (though our
farmed domestic sample was very small). That
means that 5.4 percent of the imported, farmed
shrimp we tested contained an illegal drug resi-
due that should not be allowed for sale in the U.S.
We can’t say whether drugs were or were not used
in farmed samples where we did not detect any
residues. We have reported these residue findings
to the FDA for further investigation.

We found three imported farmed samples that
contained low levels of the quinolone enroflox-
acin. One was from Vietnam and two were from
Thailand. The sample from Vietnam had a two-
star BAP certification. Two-star BAP certification
applies to both the processor and farm, and under
that program, shrimp producers should not use
drugs that are “proactively prohibited” in the
country they are destined for.

Nine samples of imported, farmed shrimp were
positive for oxytetracycline. Tetracyclines are
an important class of drug in both human and
animal medicine, and their overuse can promote
the development of antibiotic resistance. Eight
of the positive samples were from Vietnam and
one was from Bangladesh. Four of the samples (all
from Vietnam) had a BAP claim; half had one star
and the other half had two stars. One of the sam-
ples from Vietnam also had a label on the package
that said “Chemical Free.” (Note: Chemical-free is
not a meaningful claim because it does not have
defined standards or third-party verification.) One
of the samples positive for oxytetracyclines was
also positive for enrofloxacin.

Tetracyclines are the most commonly used
drug in aquaculture around the globe. Interest-
ingly, according to the FDA, their level of detec-
tion for oxytetracycline is 99.19ppb. However, we
were able to detect well below that, and three of
the nine samples we tested had levels above the
FDA'’s level of detection. Again, we have asked the
FDA to investigate these findings.

Two samples that were positive for tetracylines
were also positive for sulfonamide drugs. That
is a class of antibiotics that is important for both
human and animal medicine. Both samples were
farmed in Vietnam; one contained sulfamethox-
azole residue and the other contained sulfameth-
azine residue. One came from the package with
a “Chemical Free” claim on it. The use of those
sulfonamide drugs is concerning because over-
use can promote the development of antibiotic
resistance. In fact, in our microbiology testing we
found significant levels of resistance to sulfon-
amide drugs in the bacteria we isolated.

We found no detectable levels of chloramphen-
icols, nitrofurans, or triaryl dyes in our samples—
all compounds that are also not approved for use
in shrimp production by the U.S. (or for extra-la-
bel use in the U.S. farmed shrimp) and have been
the subject of FDA import alerts. We also found
no detectable levels of aminoglycosides, beta-lac-
tams, lincomycin, macrolides, or virginiamycin.
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Key Findings

BACTERIAL PREVALENCE
< As expected, we found more bacteria on uncooked than cooked shrimp.

< The most common bacteria found on our uncooked samples were Vibrio (28 percent),
followed by Aeromonas (26 percent), Staphylococcus aureus (20 percent), and E. coli (11 per-
cent). We found very low rates of Listeria (1 percent) and Salmonella (less than 1 percent).

< Overall, there were fewer bacteria found on wild shrimp from the U.S. compared with
farmed shrimp from all other countries.

< Farmed shrimp from India, Bangladesh, Vietnam, and Indonesia had the highest aver-
age number of bacteria, especially compared with U.S. wild shrimp.

< Significantly more U.S. wild shrimp (60 percent) were free of all the bacteria we tested
for compared with only 20 percent to 30 percent of the shrimp from Bangladesh,
India, and Indonesia. The farmed shrimp with the lowest contamination rates were
from Thailand, China, and Mexico, although they were not statistically significant due
to sample size constraints or other factors.

< Based on our findings, it appears that samples that were likely to be the least handled

(shell on) typically had less S. aureus compared with samples that were likely to be the
most handled.

< Farmed shrimp from Bangladesh, Ecuador, Indonesia, and Vietnam were more likely to
have S. aureus than were farmed shrimp from Thailand or wild shrimp from the U.S.

< Vibrio and Staphylococcus aureus can potentially cause extra-intestinal infections, and
some can cause food poisoning through release of a toxin. Both types of bacteria are
killed by cooking, so shrimp should be handled carefully and cooked well. The toxin
produced by S. aureus is heat stable and not destroyed by cooking, so the best way to
avoid that toxin is to always keep shrimp cold until cooking. Once cooked and hot,
keep shrimp hot if they are to be out for longer than 2 hours before being consumed to
minimize the risk of toxin production.2s?

ANTIBIOTIC RESISTANCE IN BACTERIA

<> We did not see a high rate of multidrug-resistant bacteria overall. However, improve-
ments can still be made, and there were some notable results:

< The most common multidrug-resistant bacteria were Staphylococcus aureus (18), and
almost half (seven) of those were MRSA.

* That is more MRSA than we have seen present in each of our previous tests of chick-
en, turkey, and pork.

* It is concerning because the contamination of shrimp with MRSA may be yet anoth-

er exposure consumers may have to the increasingly prevalent multidrug-resistant
pathogen.

* Samples from Vietnam were more likely to have MDR S. aureus than samples from
other countries.

< Overall, bacteria from U.S. wild samples had fewer resistances than farmed samples from
most countries.

< Samples from Ecuador, Bangladesh, and Vietnam had the highest average number of
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resistances, and wild shrimp from the U.S. had the lowest. The farmed shrimp with the
least resistance were from the U.S., Thailand, China, and Mexico, although they were
not statistically significant due to sample size constraints or other factors.

< Resistance to the important antibiotic class beta-lactams was high among samples with S.
aureus or Vibrio species; sulfonamide and tetracycline resistance was highest among those
with S. aureus or E. coli (Table 15).

Table 15. Resistance of potential bacterial pathogens isolated from uncooked shrimp samples to important antibiotic classes

Number (%) of samples resistant to antibiotic class
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S. aureus (n=58) 44 | (76%)| 14 |[(24%)| 7 |(12%)| 4 | (7%) 9 |(16%)| 1 @%) | 14 |(4%)| 16 |(28%)
E. coli (n=30) 2 (7%) 0 (0%) 0 (0%) 2 (7%) 2 (7%) 23 | (77%) 5 (17%)
é]eggz;)nas spp. 8 | (11%) 3 |ew| o | 0w 2 | 3%) 5 | 7% | 7 |(10%)
Vibrio spp. (n=69*) | 22 |(32%) 0 (0%) 0 (0%) 0 (0%) 12 | (17%) 2 B3%) 10 |(14%)
L. monocytogenes
(n=4) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 5 (9%) 0 (0%) 0 (0%) 0 (0%)
Salmonella spp.
(n=1) 0 | (0% | 0 | (%) | 0 | (0% | 0 | (0%) 0 | (0%) 1 |(100%)| 0 | (0%)

Ten samples for Vibrio and one sample for Aeromonas could not be tested, so denominators do not include those samples.
n is the total number of samples with at least one of the bacteria.

Notes: Blanks indicate test was not applicable. aBeta-lactam class includes third-generation cephalosporins and amoxicillin/clavulanic acid.

DRUG RESIDUES

< Eleven of the 284 samples we tested contained one or more antibiotic residues. Those
drugs were found only in imported farmed shrimp, and the FDA permits none of them
in imported shrimp.

< Three of the eleven samples contained enrofloxacin and were from Vietnam and Thai-
land. One of these samples had a two-star BAP label.

< Nine of the eleven samples contained residues of oxytetracycline. Eight were from
Vietnam and one was from Bangladesh—four had a BAP label. One of the nine also
had one of the enrofloxacin residues.

< Two of the samples that contained oxytetracycline residues also contained residues of
sulfonamide antibiotics. Both samples were from Vietnam, and one sample was in a
package with a “Chemical Free” claim.
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Key Recommendations

Wild Shrimp

@ The best choices for safe and sustainable shrimp are wild shrimp from the U.S. iden-
tified by the Monterey Bay Aquarium Seafood Watch program as “Best Choice” or
“Good Alternative.”

@ Wild shrimp from other countries with the same ratings from the Seafood Watch pro-
gram are also good choices.

@ The Marine Stewardship Council label provides assurance that shrimping vessels were
equipped with TEDs or other types of bycatch reduction devices.

Farmed Shrimp

Meaningful farmed shrimp labels can help consumers make informed decisions and support
responsible and sustainable shrimp farming:

@ When buying farmed shrimp, consumers should look for labels we rate as meaningful
or highly meaningful.

# The Naturland label is rated “highly meaningful” It is the only label that comprehen-
sively prohibits synthetic inputs, including antibiotics, parasiticides, disinfectants, and
pesticides; prohibits genetically engineered soybeans in feed; and prohibits eyestalk
removal of female shrimp.

#* Meaningful labels include: Whole Foods Market “Responsibly Farmed” and the Aqua-
culture Stewardship Council’s new certification program.

@ The Best Aquaculture Practices Certified label is accompanied by one, two, three,
or four stars, noted on the back of the package. Only 2-star certification and higher
means that the farms where the shrimp were produced were certified to their stan-
dards. We rate all of the BAP labels as “somewhat meaningful.” We found that four of
the nine samples with tetracycline residues were BAP certified, and one of those four
also had an enrofloxacin residue. Based on those findings, we do not recommend this
label.

@ Buyer beware—labels on farmed shrimp that are not meaningful include “natural,”
“turtle safe,” and “environmentally aware.”

@ At the current time shoppers should also be wary of shrimp if they are labeled organ-
ic. The Department of Agriculture is currently drafting organic aquaculture standards,
and until those are finalized, shrimp in the U.S. cannot be labeled “organic.” We believe
that organic standards should have rigorous requirements for all of the sustainability
attributes covered in this report.
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Policy Recommendations

< The FDA should increase oversight of imported seafood.

< Though we found no chloramphenicol or nitrofuran residues in our testing, we did
find eleven samples with residues of antibiotics that are not permitted in imported
shrimp. The overuse of antibiotics promotes the development of antibiotic resistance.
The FDA should receive increased funding so that it can increase inspections of foreign
operations abroad, as well as shipments arriving at U.S. ports.

< The FDA should address the potential for /ibrio and other bacterial contamination in
shrimp and require controls as part of producer HACCP plans.

< Guidelines already exist for Vibrio in other seafood. Given our findings of relatively
high levels of Vibrio species in this study, we think the FDA needs to treat shrimp like
other seafood and provide guidance/standards for producers.

< The FDA should have a zero tolerance for MRSA in shrimp.

< The FDA should post on its website the number of shrimp imports and inspections (by
type) per year.
< The FDA should not allow extra-label use of antibiotics in domestic shrimp production.

< No antibiotics are specifically approved for use in shrimp production and therefore
should not be allowed. The FDA should have no tolerances for antibiotics prescribed
through “extra-label” use. In cases of disease, the FDA should decide whether there are
non-antibiotic alternatives to treat disease and should review and approve any drugs
used in shrimp production.

< The USDA should establish credible and meaningful organic aquaculture standards that
should prohibit antibiotics, require controls of any inputs and outputs, and mandate 100
percent organic feed. The USDA has been working on the issue for seven years.

< COOL (Country of Origin Labeling) should be improved to include all of the locations
where the shrimp were farmed or caught and processed.
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