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PREFACE

The International Cyanide Detection Testing Workshop was conceived to identify possible
options for reducing the use of cyanide in the capture of coral reef fishes for the marine
aquarium trade and the live reef food fish trade. Because the emphasis was on identifying
options for cyanide testing in exporting and importing countries, as well as management and
enforcement opportunities, participants included forensic chemists with expertise in cyanide
testing, as well as government and non-government representatives from the United States
and three major exporting countries — Philippines, Indonesia, and Vietnam. Attempts were
made to involve key experts who either had developed a possible test for cyanide or had
implemented cyanide testing on marine fishes, as well as those involved in conservation and
education initiatives directed at major stakeholders, including fishermen and other industry
representatives and non-government conservation groups.

This workshop represents one component of a series of initiatives being implemented by the
NOAA Coral Reef Conservation Program to address unsustainable and destructive trade in
coral reef species. The mandates for this work include the Executive Order on Coral Reef
Protection (13089) issued by President Clinton in 1998, the U.S. Coral Reef Task Force Coral
Reef Action Strategy, and the Coral Reef Conservation Act of 2000. The Executive Order
called for the creation of the U.S. Coral Reef Task Force (USCRTF), a multi-agency federal
body chaired by NOAA and the Department of the Interior, with involvement by state and
territorial governments. It also specifically identified unsustainable coral trade as an item the
United States needed to address. Between 1998 and 2000, USCRTF members developed a
road map for coral reef conservation — the National Action Plan to Conserve Reefs. One
component of the Plan outlines seven key actions the United States should take to ensure the
tradein coral reef species is sustainable, one of which targets efforts to improve law enforcement
both domestically and internationally. At the 14™ Meeting of the USCRTF in Palau, the Task
Force called on its members to increase efforts to build enforcement capacity. The Steering
Committee was charged with developing an enforcement “toolbox” in cooperation with
the International Coral Reef Initiative (ICRI), to help coral reef management communities
build enforcement capacity. A decision was also adopted by the USCRTF to address the use
of poisons in the capture of reef fishes. The decision called for the creation of a working
group on enforcement to 1) identify and recommend specific experts in law enforcement,
field forensics, and toxicology/biomatkers; and 2) utilize their expertise to identify existing
or potential cyanide detection methods or tests which could be used to determine if fish had
been exposed to cyanide. They also asked the group to explore the usefulness of convening a
broader expert panel to resolve the issues associated with cyanide detection tests.

Through funding from the NOAA Coral Reef Conservation Program, a workshop of
experts was convened in February 2008. This document summarizes the outcomes of that
meeting. Included are summary recommendations, working group reports, abstracts and
white papers from speakers, and background information on cyanide fisheries. The Executive
Summary highlights the major outcomes and conclusions from the workshop, including nine
specific recommendations. These proceedings provide the framework for moving forward in
implementing networks of cyanide detection laboratories.






TABLE OF CONTENTS

ACKNOWIEAZEMENTS ..ot 1t
PIEface oo v
EXECUIVE SUMMALT vttt 1
INErOAUCHON oot 9
Terms of Reference for Working Groups ... 12
Report of Working Group 1 ... 16
Report of Working Group 2 ... 26
Report of Working Group 3 ... 33
WhIte PAPELS .ouiuiiiiiiiiiiiiicc s 41
Country REPOTLLS oottt 117

VICTNAM ettt 119

PhilIpPINeS occuieciiiciiiiciiciscc s 135

INAONESIA v 141
Workshop ADSEIACES .....cccuiiiiiiiiciiicc s 145
Appendix I: Workshop Agenda ... 159
Appendix II: Workshop Participants ... s 161
Appendix III: US. Coral Reef Task Force Resolution 15-1 ..o 163

vil






EXECUTIVE SUMMARY

The International Cyanide Detection Testing Workshop (February 6-8, 2008, in Orlando,
Florida) brought together participants from Indonesia, the Philippines, the United States,
and Vietnam, with representatives from fisheries and law enforcement agencies, forensic
laboratories, CITES Parties, non-governmental organizations, industry, and academia. The
primary objective of the workshop was to review the state of testing methods for cyanide
and identify simple, cost-effective, rapid, and internationally accepted tests to detect cyanide
or its metabolites in reef fishes at different points along the supply chain, including collection
sites, export facilities, and ports of import. The workshop was organized by the United States
(NOAA Coral Reef Conservation Program) with logistical support provided by SeaWeb,
Kingfisher Foundation, and the International Marinelife Alliance (IMA).

The workshop opened with a series of presentations on the extent of trade in live reef food
fishes (LRFF) and marine aquarium fishes (MAF), patterns of cyanide use in these fisheries,
and the impacts of cyanide on target and non-target species and coral reef ecosystems. A
discussion followed on possible conservation, management, and enforcement strategies that
have been implemented or are under consideration in the major exporting and importing
countries to address the use of cyanide to capture reef fishes.

The participants noted that cyanide fishing is a widespread practice that has been reported
in at least 15 countries or island territories. The pervasive use of this poison is driven by the
lucrative growing and largely unregulated international trade in live reef food fish and the
marine aquarium industry. The United States is the number-one consumer of MAF, while
most LRFF are destined for Hong Kong and other Chinese markets. Species targeted by
cyanide fishing include nearly all coral reef fish species, but its use appears predominant
among the high-value MAF species such as surgeonfish, while LRFF trade frequently targets
groupers and wrasses. Cyanide causes unacceptable levels of mortality of target species during
collection and transport. Cyanide also causes mortality to non-target fishes and invertebrates
including corals, and is associated with reef degradation as divers break apart coral to extract
stunned fishes.

Potential methods for cyanide detection were reviewed during the workshop, focusing on their
applicability to marine fish testing, including colorimetric methods, enzyme-based biosensors,
cyanide-ion selective electrodes (ISE), and biomarker approaches. The International Marinelife
Alliance (IMA) created six CDT laboratories and tested over 48,000 specimens under contract
to the Philippine Bureau of Fisheries and Aquatic Resources (BFAR) from 1993 to 2001.
BFAR has continued to conduct cyanide testing using the ISE method on a more limited scale
since 2001. Cyanide testing by the IMA for BFAR, in combination with other initiatives, led to
a sharp reduction in fish testing positive for cyanide over the period 1996 to 1999.

However, at present only one Cyanide Detection Testing (CDT) laboratory remains operational
full-time due to funding shortfalls and other issues, and cyanide use has subsequently increased.
Testing done by the Puerto Princesa, Palawan laboratory found that 49% of the fish specimens



tested in 2004 had cyanide present (Rubec, personal comm.). Several alternative methods to
detect cyanide in marine fishes have been published, but none of these have been applied to
date as an enforcement tool. Conservation groups have also attempted to reestablish networks
of CDT laboratories, with limited success.

The participants concluded that the most practical way to address cyanide use involves testing
at points of export, and representatives from the three major exporting countries (Philippines,
Indonesia, and Vietnam) supported implementation of networks of CDT laboratories in their
countries. The working group also identified major limitations that need to be overcome for
testing to be successful. First and foremost, recent studies have questioned the sensitivity of
various tests, the ease of application by law enforcement in a field situation, and the potential
difficulties in detecting cyanide at points of import due to the potential for rapid conversion
of cyanide to thiocyanate and other metabolites. The participants suggested that the ISE
method was the preferred test for use at points of export, mainly because it had been regularly
used for many years. However, they also noted that sufficient concerns have been raised about
the application of the ISE method to whole fish. For the ISE method to be internationally
accepted as a standard test for marine fishes — especially in an enforcement context — the
methodology used to test fish needs independent and careful verification.

After the conclusion of the plenary speeches, three concurrent working groups were convened
to tackle questions surrounding cyanide testing and identify pragmatic approaches and
collaborative initiatives in exporting and importing countries to mitigate the use of cyanide.
The participants focused on the following topics:
(1) existing or potential analytical cyanide detection methods that could be applied to marine
fishes at collection sites, point of export, and ports of import;
(2) requirements of an internationally recognized test at points of import that would carry
weight in a court of law; and
(3) steps, agreements, and/or partnerships that could be established between exporting
governments, the U.S. government, NGOs, certification agencies, community groups, and
academic scientists to implement cyanide testing in exporting countries.

The Field Forensics and Toxicology Working Group concluded serious gaps exist in
the understanding of the metabolism of cyanide and its major metabolites in marine fish.
A detailed analysis requires that the analyte is stable and at elevated levels in the fish long
enough for it to be delivered to the laboratory and an examination conducted. Without a
better understanding of these processes in representative fish species, the implementation of
an exposure assessment method that would meet legal requirements would be difficult. The
Working Group identified research as the highest immediate priority to determine the half-life
of cyanide and major metabolites (especially thiocyanate) in marine fish and variations between
species and life history stages. Other needs included an examination of background levels of
cyanide (and major metabolites) in marine fish collected from different locations and whether
they are above the limit of quantification, to ensure that the applied test can detect elevated
levels of cyanide that would indicate exposure by fish collectors. To perform this research,
validated methods for the determination of cyanide, thiocyanate and other metabolites (e.g,,



ATCA) in homogenized fish tissue must be used. These methods must demonstrate adequate
sensitivity, specificity, accuracy, and precision.

The Export Working Group identified the need for a cohesive program in exporting
countries to raise awareness among fishermen and other stakeholders, and improve capacity
for training, testing, and enforcement. In particular, partnering with local communities,
government agencies, and NGOs was recommended as the most practical way to address
an issue of this magnitude and to increase technical capacity and secure financial support.
Proactive plans must be made “on the ground” to engage the public, retrain and support
cyanide-free fish collectors, and provide solid options for a cyanide-free network of exporters.
An export testing scheme would require redefinition of export procedures and licensing to
ensure testing compliance. Representatives from Indonesia, the Philippines, and Vietnam felt
it might be useful for the three countries to meet to develop some common protocols for
testing, enforcement, and education.

The Import Working Group suggested the need for harmonization of standards between
import and export countries to eliminate policy gaps and tighten enforcement. Exporting
parties should improve coordination and communication with importing countries, including
sharing data on collection sites and fishermen, trade and fisheries, and exporters. Sharing
such information could help identify legal and illegal shipments for importing countries, and
potential collectors, middlemen, or exporters of concern. U.S. enforcement staff would benefit
from knowing which companies repeatedly test cyanide-free, as well as those companies that
tend to use cyanide. The group concluded there is an overall lack of comprehensive knowledge
of each country’s requirements, resulting in confusion, corruption, and potential loopholes.
Information on quarantine requirements, documentation needs, and the creation of a unified
labeling and packaging system were all listed as possible ways to eliminate discrepancies. By
establishing a tighter import policy and clear standards for compliance, the United States can
provide stronger incentives for change in the industry.

SUMMARY RECOMMENDATIONS

During the final session, workshop participants discussed and formulated nine key
recommendations necessary to mitigate the use of cyanide in the capture of coral reef fishes.
The recommendations are presented here in priority order. There was general consensus that
the primary issues to be resolved are gaps in our understanding of the cytokinetics of cyanide
in marine fishes. The next critical steps involve validation of the existing ISE method used to
detect cyanide at points of export, followed by implementation of this test at points of export.
Further research on possible rapid field tests and tests to detect metabolites in fish tissue upon
import should be undertaken. Upon confirmation of an internationally recognized and valid
testing method for cyanide, networks of CDT labs should be established at major points of
export and proficiency programs should be established for chemists.

Recommendation 1: Determine the pharmaco-kinetics of cyanide
Research is required to determine detectable levels of cyanide and cyanide metabolites in coral
reef fishes and how these levels change over time following exposure. Without this knowledge,



it is difficult to identify the most appropriate cyanide testing methods that can be applied at
different stages in the chain of custody, including collection sites, export holding facilities, and
points of import, possibly 2 to 3 weeks after collection.

The concentration of cyanide present in the living fish will vary depending on the concentration
of the cyanide solution used during exposure, the length of time of the exposure, time for
holding and duration of transport, and post-collection treatment. Rates of metabolism may
also vary depending on species or size. Research should encompass these possible variations
such that it is possible to quantify measurable levels of cyanide in representative species and
life history stages of marine fishes, and how these levels change over time, using at least two
methods and multiple known concentrations.

To represent the time from initial collection and transport from the reef to holding facilities
in exporting countries and then on to import destinations, fish samples should be exposed to
varying concentrations of cyanide, with representative individuals sampled immediately after
exposure and subsequent defined intervals. One aspect should also include a determination
of detectable background levels, using fish from the wild caught with nets as well as captive-
bred species. In addition, the effect of freezing samples must be determined for both field
collection and delayed analysis samples to prevent misinterpretation of data obtained from
frozen samples.

Recommendation 2: Validation of the Ion Selective Electrode (ISE) Cyanide Detection
Test

Numerous methods are available to detect cyanide or cyanide metabolites, but most have been
used only for water samples and blood; only limited testing has been done on whole fish and
fish organs. Currently, the ISE method is the only cyanide test that has been applied on a large
scale for MAF and LRFF at points of export, and testing has not been done substantially
by enforcement agencies at points of import. The ISE method was successfully used in the
Philippines from 1993 to 2001, with at least 48,000 fish tested; the test produced cyanide-
positive results in fish up to 5 to 14 days after exposure (Rubec et al., 2003).

Representatives from Indonesia and the Philippines indicated that the ISE method is the
preferred testing method, and both countries have secured necessary equipment, supplies,
and trained staff to establish CDT laboratories. However, several studies have questioned the
sensitivity of the test and the potential for false readings, and until these issues are resolved
it is unlikely that importing countries will accept the results of testing using the ISE method.
Although use of the ISE method for determination of cyanide concentrations has been
validated through round-robin studies by the American Society of Testing and Materials
(ASTM) and the American Public Health Association (APHA), these studies have not been
performed on samples of digested fish, using the specific digestion method applied in the
Philippines. IMA and affiliated laboratories have also developed supporting documentation to
counter concerns expressed in the literature, but this has not been published in peer-reviewed
journals or verified by an independent group.



Validation of the ISE method applied in the Philippines should be conducted by an independent
laboratory not currently involved in marine fish testing to resolve questions about QA/QC,
precision, and bias. This should include an examination of the sensitivity of the ISE method
for fish samples, with emphasis on the distillation process and the recovery of cyanide from
tissue samples. Results should be compared using at least one other recognized method. With
some discretion exercised to limit the amount of testing, the ISE method can be validated
in a relatively short time. The same cannot be said for any other method. A large amount of
research will be necessary to develop methods to detect either thiocyanate or ATCA present
in imported MAF, and to validate those methods.

Recommendation 3: Establish networks of CDT laboratories at points of export

A testing strategy based in export countries should focus on airport “choke points” in order
to sample shipments before export. This approach would require fewer testing stations and
would create better monitored and controlled testing conditions and procedures. This test
must be rapid, credible, standard for all countries involved in the marine aquarium fish trade,
and legally defensible, and it must utilize independently collected (e.g., blind) samples from
shipments. It must also be able to accurately detect cyanide 5 to 14 days after the fish are
exposed, as the time for transport to landing area and then landing area to export point
frequently falls within this range. These networks should define and oversee their internal
training and quality assurance programs and work with similar networks in other jurisdictions
to establish and support an independent proficiency testing program.

Existing licensing schemes for exporting aquarium fish are often negligible, lax, and insufficient
for impeding the use of poisons. Currently there are no official cyanide testing requirements
in Indonesia, Vietnam, or the Philippines. It would be desirable to require that an export
license and/or permit be linked to standards of compliance, incorporating poison-free capture
and assent to regular cyanide detection testing. If possible, the export license should involve
a suitable fee that would help underwrite the costs of testing and allow it to become self-
financing (see Recommendation 0).

Recommendation 4: Obtain funding for establishment and maintenance of CDT
networks in exporting countries

Funding sources should be explored to support the creation of CDT laboratory networks in
the exporting countries (Philippines, Indonesia, Vietnam, and Malaysia) where cyanide fishing
is most prevalent. Potential funding agencies include the World Bank, Asian Development
Bank, or international NGOs.

Recommendation 5: Establish Training, Quality Assurance and Proficiency Programs
for CDT labs and chemists

Training, quality assurance, and proficiency programs need to be implemented at cyanide
testing laboratories. Many of the CDT procedures require extensive training and should be
maintained to ensure performance consistency and accurate test results. A training program
must be developed employing both didactic and hands-on training that develops a demonstrated
acceptable level of performance, as defined by the performance characteristics of the specific
test and the needs of the analysis. A quality assurance program should be based on ISO



17025 or similar structures and should at a minimum employ documented Standard Operating
Procedures (SOPs), bench and blind QC samples, and statistically determined performance
limits. A proficiency testing program should be conducted by an independent body and employ
the use standard samples, unknown to the analyst, analyzed across the network and evaluated
statistically to identify laboratory results that do not meet network performance standards.
Frequency of testing should occur no less than “N” times per year.

Recommendation 6: Explore options for a simple field test at points of collection
Because of the considerable time and cost involved in quantification of concentrations of
cyanide within fish, research is needed to identify and develop a quick, simple field test that
could be used by enforcement officers at points of collection and at holding facilities in local
communities. This test would only need to identify the presence of cyanide in fish immediately
after capture, and not actual concentration.

The most feasible options currently include a low-cost colorimetric kit or ion selective
electrodes (ISE) linked to portable ISE meters. Limited research of these options has been
undertaken, but several limitations were noted—e.g., an inability to collect sufficient quantities
of blood due to the small size of MAF and the need to digest fish tissue to liberate the cyanide,
potential for interfering substances (e.g, sulfur), and other issues.

A protocol published by the American Society of Testing and Materials (ASTM D 5049),
modified for use by the U.S. Food and Drug Administration (FDA) for the analyses of various
foodstuffs including tuna, can successfully detect cyanide liberated from tissue digested in
sulfuric acid. This simple test detects cyanide using Cyantesmo paper, which changes color
from light green to blue in the presence of cyanide. This method may provide a rapid screening
tool for marine fish samples at points of collection, allowing rapid analysis of multiple samples
at low cost.

While a rapid screening test may be a deterrent, samples that test positive could be sent on
to a larger testing facility where a more detailed test would be performed to quantify actual
concentrations and to prosecute violations.

Recommendation 7: Testing and Accreditation Plan for Cyanide Free Fish in Exporting
Countries

Exporting countries need a sound, government-instituted export licensing and certification
scheme tied to cyanide testing at points of export. Similar to an accreditation approach,
issuance of the license would be tied to confirmed cyanide-free status from a testing facility.
The group thought it would be feasible to implement some form of certification program if
a suitable fee for the license were required. This would create a fund for the testing procedure
and help make the system financially self-sustaining. In conjunction with export permitting,
this method provides an incentive to reform any collectors currently using cyanide. Further, a
database should be designed to track cyanide testing results; over time this information would
illuminate patterns of use, mitigation success, and repeat offenders. License renewal could
be linked to the testing program, with repeat offenders being unable to renew their license.



Importing countries should also require testing and verification by the exporting country
(through certificates or other means) that the imported fish are cyanide-free.

Recommendation 8: Implement Complementary Legislation against Cyanide Fishing
in Importing Countries

The officials of exporting countries at the workshop strongly advocate US. legislation
regulating the ornamentals trade. This legislation would be fundamental for building political
will and designing regulation and enforcement in exporting countries. The legislation or Code
of Federal Regulations (CFR) could make U.S. imports of fish containing cyanide illegal, as well
as clearly state standards for permissible imports (e.g, exporting partners must have testing
system in place, species restrictions, habitat impact assessments and protection, etc.).

The Lacey Act makes it illegal to import, export, transport, sell, receive, acquire, or purchase
fish, wildlife, or plants taken, possessed, transported, or sold in violation of a federal law,
treaty, regulation, or Indian tribal law. It also is illegal for a person to import, export, transport,
sell, receive, acquire, or purchase in interstate or foreign commerce: fish or wildlife taken,
possessed, transported, or sold in violation of a state law, state regulation, or foreign law (16
US.C. §§ 3371-3378). Since most exporting countries have laws banning the use of cyanide
and other poisons for fishing, a large portion of the aquarium fish imported to the United
States (an estimated 90%) are illegal under the Lacey Act. However, enforcement of the Lacey
Act is difficult and time-consuming. For example,

e A successful case must show importer knowledge and intent to import illegal fish.

e Origin countries must have good faith enforcement efforts in place.

e A US.-based investigation under the Lacey Act must be supported by the nation whose
law or regulation was violated.

e In the case of cyanide, the fish samples would not be analyzed in the United States
until three weeks after time of import because of backlogs and resource constraints.
Shipments would have been processed, shipped to retailers, and sold by that point.

e The United States is unlikely to rely on accuracy of a cyanide test performed in
exporting country.

e The standards for a test to be considered legally enforceable in the United States are
high: the test would have to be peer reviewed, reliable, and in use for a period of
time.

e Fach case takes hundreds of hours per shipment to prove. An effective enforcement
effort would immediately overwhelm the current system resources.

Federal legislation may be necessary to support the development and implementation of testing
methods for thiocyanate and/or ATCA metabolites at the point of import, and to authorize
funding in support of cyanide testing. A draft bill proposed by Representative Ed Case (Coral
Reef Conservation and Protection Act of 2004 HR-4928) would have required some type
of certification demonstrating that MAF imported to the United States were collected by
sustainable means without the use of poisons such as cyanide. New U.S. legislation could
require certification of fishes tied to cyanide testing by countries exporting MAF to the United
States, but it may also require more comprehensive legislation in exporting countries and a



formal mechanism for evaluation and demonstration by the responsible party that the fish are
in fact cyanide-free.

Recommendation 9: Develop a cyanide testing program in the United States
Participants felt that developing a cyanide testing program for points of import was a
necessary step for deterring cyanide use. Unfortunately, such a system also presents the greatest
challenge.

In one year there are over 11,000 shipments of non-CITES listed reef fishes into the United
States. Currently, US. Fish and Wildlife Service (USFWS) import inspections focus on
endangered and threatened species listed under ESA and CITES. Inspection of aquarium fish
is a relative low priority, as none of the species of fish are considered endangered. In addition
to a limited capacity to inspect each shipment, verification of cyanide is problematic because
fishes may be imported several weeks after being caught with cyanide, which is known to
rapidly break down into sodium thiocyanate and other metabolites.

Given testing backlogs for USFWS, samples would likely wait an additional three weeks after
collection on import before testing. At this time, testing for cyanide metabolites is possible
but extremely costly and time-consuming. In addition, there are limitations on the amount of
time a shipment of fishes can be detained, as these the fish will die if not transferred to aquaria
fairly quickly after arrival in the United States. Therefore, the challenge for the United States is
multi-fold, and can be conflicting:

e Creation of a comprehensive cyanide detection testing program in the United States
must address new, supporting legislation as well as increased funding and staffing
needs.

e The US. government agencies involved with import law enforcement would need a
workable, import point CDT test to confirm that fishes declared as being cyanide-free
were in fact not contaminated with cyanide.

e Without this U.S.-based test, it would not be possible to enforce the Lacey Act or any
new legislation created to address the use of cyanide.

e It would be ideal to supplement a US. import CDT scheme with cyanide-free
certification from exporting countries. Although certification alone would not be
enough for US. standards, it could potentially help with enforcing violations.



INTRODUCTION

Cyanide fishing is a destructive fishing technique widely used to capture live coral reef fishes,
including species destined for the marine aquarium and live reef food fish trades. The use of
cyanide on coral reefs was first documented in the early 1960s in the Philippines to capture
aquarium fishes, principally for export to the United States, the United Kingdom, Germany,
and France. Cyanide fisheries expanded to the live reef food fisheries in the 1970s, and over
the next two decades it spread throughout Southeast Asia and into the Pacific islands. Cyanide
fishing has been confirmed in at least 15 countries, including Indonesia, Malaysia, Maldive
Islands, Papua New Guinea, the Philippines, Sri Lanka, Thailand, and Vietnam (Jones et al,,
1998).

Most commonly, sodium cyanide is dissolved in seawater in plastic squirt bottles. Divers using
hookah squirt the milky solution at the target fish, which then often retreat into crevices
in the reef or within coral thickets. These corals may be subsequently broken apart by the
diver to capture the fish. Cyanide tablets may also be secured to sticks and held close to a
fish, or cyanide is mixed with bait and thrown overboard or placed into fish traps. There are
also reports that fishermen occasionally pump the cyanide into the water from surface boats,
mainly to target grouper spawning aggregations. The stunned fish are then captured with
hand-nets or attached to lines and hauled to surface support boats, where they may directly
enter the trade or be held in floating cages until export.

Cyanide is used in two very different live reef fisheries. The Live Reef Food Fish Trade (LRFT)
regularly targets large groupers, coral trout, barramundi cod, and humphead wrasse. Although
it focuses mainly on a small number of species, the actual trade is large in terms of the biomass
of fish collected. At its peak in 1997, the volume of fish in trade was estimated at about
50,000 metric tons. More recently, trade is about 30,000 metric tons per year, with about 60%
imported into Hong Kong and the remainder destined for mainland China, Taiwan, Japan,
and other Asian markets. Until the 1970s, LRFF fisheries were mainly confined to areas in the
South China Sea in close proximity to ports in Hong Kong and mainland China. The trade
spread from the Philippines to Indonesia in the 1980s, and continued to expand to countries in
the Pacific Ocean and Indian Ocean during the 1990s. Cyanide use has followed the expansion
of the LRFF trade. One reason for the rapid expansion of this trade is that live fish can fetch
substantially higher prices than dead fish of the same species. The total retail value of the
LRFF was around $350 million per year between 1997 and 2001. By 2002, it increased to about
$486 million for Hong Kong and $810 million for the entire trade. Individual fish can sell for
up to $180 per kilogram, depending on species, taste, texture, availability, and time of year.

Unlike the LRFE, the Marine Aquarium Trade (MAT) consists of a high diversity of fishes,
most of which are taken from the wild. Over 1,400 species of reef fish are traded worldwide
for home aquaria at an annual volume of about 30 million fish, with approximately 16 million
imported each year into the United States. Between 70 and 80% of these fish are from Indonesia
and the Philippines, where cyanide use is most prevalent. In the MAT] species targeted by
cyanide fishing include nearly all coral fish species, but its use may be most prevalent among



the high-value fish species such as emperor angel-fish (Pomacanthus imperator), blue surgeon-fish
(Paracanthurus sp.), and blue ring angelfish (Pomacanthus annularis) (Fahrudin, 2003). The marine
aquarium industry worldwide is worth an estimated $200 to $330 million annually (USCRTE,
2000. Wabnitz et al., 2003. FAO, 1996-2005). When examined by weight, aquarium fish are
valued at $500 per kilogram or more, which is considerably higher than a similar weight of
food fish (Cato and Brown, 2003. Wabnitz et al., 2003).

Environmental concerns about cyanide fishing

Although illegal in most countries, the use of cyanide to capture live reef fish remains pervasive,
propelled by the lucrative growing and largely unregulated international trade in live reef food
fish and the marine aquarium industry. The United States is the number-one importer of coral
reef fish for the aquarium trade, and the demand for these species may be one factor driving the
continued use of cyanide. Cyanide is toxic to fish because it interferes with oxygen metabolism
by blocking the key enzyme system, cytochrome oxidase (Metzler, 2001), and blocks enzymatic
pathways in the liver (Solomonson, 1981). Once inside the fish tissue, cyanide reacts with
thiosulfate to produce the comparatively nontoxic thiocyanate which is excreted in the urine.
Rapid detoxification enables animals such as fish to ingest high, sub-lethal doses of cyanide
(Eisler, 1991), although some of the effects are irreversible and may lead to the death of the
fish (Way et al., 1988).

Several studies have also demonstrated negative impacts of cyanide on non-target coral reef
species including corals (Cervino et al., 2003. Jones et al., 1998). Exposure of corals to cyanide
causes rapid signs of stress and bleaching, and at high concentrations, progressive tissue
sloughing that can lead to colony mortality. Fishermen spray cyanide into crevices and coral
thickets where fish often hide, and then break apart the corals to access the stunned fishes,
leading to substantial damage to the habitat. Large percentages of the target fish captured
with cyanide die during collection or in transit due to their weakened state, which requires
fishermen to capture significantly higher numbers of fishes than would otherwise be needed.
In fact, some studies indicate that as many as 75% of fish collected with cyanide die within
hours of collection, and another 30% die prior to export. In addition, more than half may
die shortly after arrival in the United States from a combination of the poisons used in the
capture and stress associated with handling and transport. Cyanide fishing is also risky for the
divers, who often go to considerable depths for extended periods without following proper
dive procedures.

Conservation approaches to address cyanide fishing

Although cyanide fishing is illegal in most countries, poor law enforcement capabilities and
high levels of corruption have allowed the use of cyanide to continue. In 1989, the Haribon
Foundation and Ocean Voice initiated a program to train fishermen in the use of nets as an
alternative to cyanide. A second, more aggressive program was implemented in the Philippines
in the early 1990s by the International Marinelife Alliance (IMA), in partnership with the
Philippine government’s Bureau of Fisheries and Aquatic Resources. Through a combination
of the right policies and laws, improved enforcement, enhanced public awareness, training of
cyanide fishers in cyanide-free fish capture techniques, development of livelihood alternatives,
community-based resource management programs, and cyanide testing of live fish exports
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through the implementation of a network of cyanide detection laboratories (CDT labs), this
program successfully reduced cyanide fishing within the Philippines, at least temporarily.
Over a period of roughly eight years, IMA tested 48,000 aquarium fish and food fish for the
presence of cyanide. Cyanide was detected overall in about 25% of all aquarium fish and 44%
of the food fish. The testing appeared to serve as a deterrent, at least in the initial years, as the
proportion of aquarium fish testing positive declined from about 43% in 1996 to 8% in 1999.
Unfortunately, the numbers of fish testing positive for cyanide has increased in recent years,
and most CDT labs were closed in the mid 1990s.

In the United States, the issue of unsustainable trade in coral reef species was first highlighted
in 1998 with Executive Order 13089 on Coral Reef Protection, which called for the creation
of the US. Coral Reef Task Force (USCRTTF). Over the next two years, USCRTF members
developed a road map for coral reef conservation, the National Action Plan to Conserve
Reefs, which outlines the key threats affecting reefs and identifies specific actions to mitigate
those impacts. The Plan includes a section on international coral reefs and the role of the
United States as a major consumer of coral reef species. This section identifies seven key
strategies to advance a sustainable marine ornamental fishery, one of which specifically calls
on the United States to improve enforcement capacity domestically and internationally. As one
step to implement the recommendations in the Plan, the NOAA Coral Reef Conservation
Program provided funding in 2003 and 2004 to reestablish a lab in the Philippines and expand
testing into Vietnam, Indonesia, and Malaysia. These projects were halted in 20006, due to recent
publications by researchers from the University of Hong Kong (Mak et al., 2006) and reports
from the Marine Aquarium Council that suggested the Ion Selective Electrode (ISE) method
used in the Philippines was not sensitive enough to determine cyanide traces in exposed fish.

The USCRTF has also adopted three resolutions on trade since 2004. The most recent, in
May 20006, requested that the U.S. government identify existing or potential cyanide detection
tests that could determine whether fish had been exposed to cyanide and develop a cyanide
fishing mitigation strategy. In response to the USCRTF resolution, NOAA convened the
International Cyanide Detection Testing Workshop (February 6-8, 2008, in Orlando, Florida)
to advance cyanide detection methods for the live reef fish trade. The primary objective of
this workshop was to review the state of testing methods and identify simple, cost-effective,
rapid, and internationally accepted tests to detect cyanide or its metabolites at different points
along the supply chain, from point of collection and export to ports of import in the United
States. Also identified were key research needs and major steps that need to be implemented in
importing countries and exporting countries to curtail the use of cyanide. The United States is
committed to continuing its work with partners to address the recommendations identified in
the workshop, including science questions pertaining to cyanide kinetics, additional testing and
validation of cyanide detection methods, and, ultimately, implementation of cyanide detection
laboratories.
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TERMS OF REFERENCE FOR WORKING GROUPS

Working Group 1
The Field Forensics and Toxicology Working Group

Goal 1: Evaluate existing or potential analytical cyanide detection methods or tests and their
applicability to marine fish.

e Develop a table of all cyanide detection methods. See draft format.
Include tests for:
o cyanide by-products
o biomarkers
o adducts
o morphological changes in tissues
e Provide assessment of existing knowledge of residence time of cyanide in marine
fish
e Summarize methodology, equipment needs, costs, time required for testing, necessary
scientific expertise, reliability and sensitivity. See draft spread format

Goal 2: Provide recommendations on the most practical, reliable, and user-friendly tests that
could be used in marine fish.

e Provide recommendations for each test with respect to ability to be internationally
accepted in a court of law

e Provide recommendations for each test with respect to ability to use test at collection
sites and holding facilities (within hours of collection and with minimal technology)

e Provide recommendations for each test with respect to ability to use test at export sites
(within days of collection and with minimal technology)

e Provide recommendations for each test with respect to ability to use test at collection
sites and holding facilities (up to1-2 weeks or more after initial exposure to cyanide)

e Provide recommendations for use of tests that determine cyanide presence versus a
quantitative determination of cyanide concentration

Goal 3: Identify research needs to refine methodologies and/or develop other testing
approaches.

e [List of recommended research to conduct
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Working Group 2
The Export Working Group

Infrastructure
Goal 1: Outline what to include in a robust scheme for monitoring exports to determine
whether a fish was caught using cyanide.

e Provide an outline for ideal testing infrastructure including:
o locations of offices and labs
o staffing
o budget
O equipment
O training
e List existing cyanide detection facilities
e Listlocations that do not, but should have cyanide detection facilities
e List names of government bodies involved in each countries’ cyanide detection

Implementation
Goal 2: Identify steps, agreements, and/or partnerships that could be established between

exporting governments, the US. government, NGOs, certification agencies, community
groups, and academic scientists to implement cyanide testing,

e List existing partnerships related to cyanide detection

e List the five most important entities (NGOs, governments, scientists) in export
countries that must be involved in establishment of revised cyanide detection system

e Briefly describe five most important areas to improve in existing detection system

e List alternate methods and programs that increase non-destructive catch practices

Enforcement

Goal 3: Provide recommendations with respect to the possibility and/or benefits of a
mandatory, government-issued, export certification that states the fish were caught with legal
practices.

e Provide a brief description of requirements to enforce and or prosecute the use of
illegal fishing practices in export countries

e Providerecommendations regardinglegal efficacy of a test thatidentifies the presence of
cyanide versus a test that provides a quantitative estimate of cyanide concentration
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Working Group 3
The Import Working Group

Infrastructure
Goal 1: Outline what to include in a robust scheme for monitoring imports to determine
whether a fish was caught using cyanide.

e Provide an outline for ideal testing infrastructure including:
o locations of offices and labs
o staffing
o budget
O equipment
O training
e Listlocations that do not, but should have cyanide detection facilities
e List names of government bodies involved in each countries’ cyanide detection

Implementation
Goal 2: Identify steps, agreements, and/or partnerships that could be established between

exporting governments, the US. government, NGOs, certification agencies, community
groups, and academic scientists to implement cyanide testing,

e List existing partnerships related to cyanide detection

e List the five most important entities (NGOs, governments, scientists) in import
countries that must be involved in establishment of revised cyanide detection system

e Briefly describe five most important areas to improve in existing detection system

e List of alternate methods and programs that increase non-destructive catch practices

Enforcement

Goal 3: Provide a recommendation with respect to the possibility and/or benefits of a
mandatory, government-issued, export and/or import certification that states the fish were
caught with legal practices.

e Provide a brief description of requirements to enforce and or prosecute the use of
illegal fishing practices in import countries
e Providerecommendations regardinglegal efficacy of a test thatidentifies the presence of
cyanide versus a test that provides a quantitative estimate of cyanide concentration
e Provide recommendations regarding legal efficacy of a tiered approach to testing
e Discuss the current procedure for examination of imports of wildlife, and how this
varies depending on international regulations (e.g., CITES)
e Respond to the following questions:
o If an exporting country requires documentation verifying the absence of
cyanide, can import countries such as the U.S. prohibit imports of shipments
without appropriate certificates?
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Can the US. require verification that no illegal fishing practices were used to
capture the fish included in a shipment under existing legislation? If not, what
is needed to prevent imports of cyanide caught fish? Can the burden of proof
be on the exporter/importer?

What would be needed to prosecute violations under the Lacey Act?

Are there provisions under Title IV section 403 of the Magnuson Act that can
help eliminate imports of cyanide caught fish? What requirements do we have
under Magnuson to address illegal, unreported, or unregulated fishing?

What would we need to implement prohibitions on imports of aquarium fish
for exporting countries that cannot verify that they are engaging in sustainable
harvesting practices? How would we make these import restrictions consistent
with both domestic legal requirements and WTO obligations?
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Report from Working Group 1

Participants in the Field Forensics and Toxicology Working Group focused their discussions
on five key topics:

1) Evaluating different cyanide detection methods that are currently available to test for
cyanide and cyanide metabolites;

2) The feasibility of applying these methods to detect cyanide exposure in ornamental
reef fish under different export and import scenarios;

3) Type of training and quality control that would be necessary to ensure consistent,
reproducible results;

4) Modifications or additional research that would be necessary to apply existing tests to
ornamental fish at points of collection, export and import; and

5) Research necessary to characterize natural levels of cyanide and patterns of uptake
and metabolism of cyanide in marine fishes.

Goal 1: Evaluate existing or potential analytical cyanide detection methods or tests and

their applicability to marine fish.

The Working Group identified and reviewed numerous methods that have been used to detect
cyanide and cyanide metabolites. The most common of these include: electrochemical methods,
ion-selective electrodes, spectrophotometric and fluorescence methods, chromatographic
techniques and biomarkers of cyanide exposure (Table 1). While these are widely used for
determining cyanide concentrations in water and in certain biological fluids such as blood,
very few of these have been applied to marine fishes, and even fewer have been successfully
used on fish tissue.

In order to effectively test for cyanide in marine fish, particular aspects of testing should be
addressed. The appropriate method will depend on the point in the chain of custody (e.g.,
point of collection, export or import), as this will dictate the particular analyte being tested
(cyanide vs. thiocyanate and ACTA) and the type of sample being analyzed (sample matrix
- blood, tissue or organs). The sample matrix will dictate the amount of sample preparation
and cleanup required, while the analyte concentration dictates the sensitivity requirement of
the method. The sensitivity of a method may be further influenced by sample preparation and
interfering substances and the instrumentation used.

Cyanide detection methods can range in procedure, extent, and methodology. Presented here
is a brief summary of the approach, benefits, and limitations of known testing methods:

Electrochemical methods

Electrochemical analysis of cyanide and thiocyanate concentrations in biological samples,
including plasma, tissue, and whole blood have been conducted using ion-selective electrodes
(described below), potentiometry, amperometry, polarography and coulometry. Two clear
benefits of these methods are high and quick analysis time. However, they can be subject to
multiple interferences from many organic and inorganic ions, including sulfide, Fe **, CIO*,
NO?*, N*, and I-.

16



Polymeric membrane based ion selective electrodes (ISE)

The American Society of Testing and Materials (ASTM) ISE method is the only approach
that has been widely used to detect cyanide exposure in marine fishes. The method involves
an acid digestion of the fish to liberate hydrogen cyanide gas, and capture of cyanide ions in
sodium hydroxide solution after reflux distillation. Chemicals must be added to help remove
interfering substances such as chlorine and hydrogen sulfide. An ISE meter manufactured
by Thermo-Orion, using a membrane made of Agl or Ag S, is then used to analyze cyanide
concentrations, based on its interaction with silver. ISE methods may also work for the
detection of thiocyanate.

Spectrophotometric and fluorescence methods

Both spectrophotometric and fluorescence methods require extraction techniques to isolate
cyanide and eliminate interferences from blood. Spectrophotometric methods have been
used for detection of cyanide, thiocyanate and ACTA. One common approach involves
the Konig dye synthesis to form a cyanide halide that is reacted with an aromatic amine to
produce a glutaconic aldehyde product that is measured in the visible region of the spectrum.
Spectrophotometric methods have adequate sensitivity, but they may lack specificity due to
interferences from other chemical species commonly present during the analysis of cyanide,
especially thiocyanate and thiosulfate. They also require lengthy preparation times and the
products may be unstable. A number of fluorometric assays are available to determine
cyanide, which have several advantages over spectrophotometric methods, including a lack of
interference from thiosulfate and greater sensitivity.

Flow injection analysis (FIA)

The FIA method is a simple one with high reproducibility. The approach involves injecting
a sample solution containing the target molecule into a flow tube where it reacts with certain
chemicals. When the products reach the detector, the target molecules in the sample are
measured. The user is able to control the measuring conditions precisely and also has the
capability to continuously measure cyanide.

Biosensors for detecting cyanide ion

These methods primarily evaluate chemical reaction products based on the enzyme inhibition
of cyanide, cyanide degrading enzymes, and microbial sensors which measure oxygen uptake
by bacteria, yeast or other microorganisms. Biosensors have a rapid response, high selectivity,
and a pollution free procedure. Most biosensors have the advantages of being portable, low
cost, easy to use, and high selectivity. These methods, however, rely on chemical and physical
procedures that can be slow, complex, and require the use of expensive equipment and
environmental loading reagents. Other limitations of biosensors include degradation of the
biological components that make up these sensors, inconsistent electrochemical signals, and
difficulty producing sufficient quantities and activities of enzymes or microbes on which these
sensors depend.

Recently, one group applied a biosensor approach to marine fishes. Organs of the fish were

homogenized with NaOH and a fungal enzyme extract was used to produce formate from
metal-cyanide complexes; the formate was converted using an enzyme to NADH which was
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measured spectrophotometrically. This approach has not yet been applied to thiocyanate or
ACTA.

Chromatographic methods

Gas Chromatography (GC), high performance liquid chromatography (HPLC), and ion
chromatography (IC) can all be used for determination of cyanide. These methods employ
electron capture detectors, electrochemical detectors, UV / VIS detectors, fluorescence detectors,
conductivity detectors, or amperometric detectors. Three types of liquid chromatography
have been used to analyze cyanide: reverse-phase high-performance liquid chromatography
(RP-HPLC), ion chromatography (IC), and capillary electrophoresis.

Liquid chromatographic techniques can determine trace amounts of an analyte and can
efficiently separate analytes from interfering components in the matrix, offering advantages
over spectrophotometric, luminescent, and electrochemical methods. Liquid and gas
chromatographic techniques also have the ability to simultaneously analyze for cyanide and
thiocyanate. IC methods can determine all species of cyanide by separation. This technique
obviates the need for distillation to convert cyanide complexes from metal to HCN. A number
of pretreatment steps have been developed to facilitate the analysis of cyanide, thiocyanate,
and ATCA using GC. For example, the sampling of cyanide from the sample head space is the
most common pre-analysis step when using the GC method.

Simple field test

A number of “dip stick” type tests have been developed, primarily for detecting cyanide in
water (e.g, the Cyanide ReagentStrip™ Test Kit). These include colotrimetric kits that are
dependent on color changes or based on ion selective electrodes (ISE) linked to portable
ISE meters. While some experimentation has been undertaken to modify these tests for the
detection of cyanide in fish, nothing conclusive has been developed to date. For example,
cyanide could be detected in fish tissue that had been digested in concentrated NaOH using the
Soudararajan Procedure, but the test appears to give anomalously high cyanide readings possibly
due to interference by sulfide. An alternate approach may include digestion of fish in sulfuric
acid in a closed container, with measurement of cyanide liberated as gas using test strips.
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Goal 2: Provide recommendations on the most practical, reliable, and user-friendly tests
that could be used in marine fish.

The Working Group discussed the practicality of each test, including the cost and equipment
needs,level of expertise necessary, time required to analyze samples, reliability and reproducibility
of different tests, and feasibility of implementing testing in either an exporting or importing
country. Other considerations included factors that may affect the results, such as cellular
absorption and detoxification kinetics, sampling and analysis time, sample storage time and
conditions, and the sample matrix.

Participants also discussed the need for the development of new methodologies or modifications
that could be made to existing tests that would be necessary under different scenarios to
address 1) testing of small fish (fish tissues) instead of blood; 2) testing of cyanide versus
thiocyanate and ACTA; and 3) benefits and limitations of rapid tests that could be used to
detect the presence of cyanide or cyanide metabolites instead of the actual concentration.

Timing of testing

The working group members could not come to consensus on the amount of time cyanide
remains detectable in fishes. Several participants suggested that cyanide is quickly metabolized
and excreted in a matter of hours, while others maintained that cyanide is retained for longer
time periods.

At present, there is considerable information on metabolism of cyanide in blood. When
analyzing cyanide from blood (the preferred method for determination of cyanide exposure in
larger species), analysis must occur as soon as possible after exposure since the concentration
of cyanide in the blood decays within minutes to hours. However, this may not be the case
for fish tissue, as there is evidence that cyanide is concentrated in several organs and tissues,
where it is slowly converted to SCN. There are also reports of rapid excretion of cyanide and
SCN in urine. It is important to note that most work done with fish has been on freshwater
species, and the rate of excretion in saltwater fish is likely to differ since, being hypo-osmotic
in relation to seawater, they have a lower rate of urine production.

The concentration of cyanide present in fish over time is dependent on the concentration of
the cyanide solution used during exposure, the length of time of the exposure, time for holding
and duration of transport, post-collection treatment, as well as other factors. Considerable
work has been done on cytokinetics of cyanide in the rainbow trout (a freshwater fish) and
linkages between cyanide exposure and conversion to SCN, but most of this work involved
chronic exposure to low levels of cyanide instead of a single or pulse-dose of a much higher
concentration as would be the case with marine fishes.

In general, all researchers found a progressive increase in SCN- in plasma over multiple days,
followed by a decline until a period where it was no longer detectable (from 16 days to 16
weeks or more). In addition, at least one study reported detectable levels of HCN in plasma
after 20 days. According to one participant (Rubec), cyanide remained detectable in marine
fish tissue up to 5-14 days after exposure when using the ISE method.
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Type of sample

Most cyanide detection tests have been developed for analysis of cyanide in biological fluids
in vertebrates such as blood, urine, and saliva, or in other aqueous solutions including water,
with limited sampling of mammal and fish tissues and organs. While it may be feasible to
obtain sufficient quantities of blood from larger fish collected for the LRFF trade, most
marine ornamental fish are too small to obtain the volume of blood needed for sampling. As
a result, cyanide testing must be performed on ground fish tissue or organs. This, however,
may present additional complications including 1) interference associated compounds used
to digest tissue, such as sulfuric acid, which may trigger oxidation of thiocyanate to cyanide;
and 2) variations in cyanide concentrations between organs/tissue due to differential rates of
metabolism and variations in the concentration of the enzyme that catalyzes conversion of
cyanide to thiocyanate.

Substance being tested

To date, the only large scale testing for cyanide exposure in marine ornamental fish has been
done at points of export using the ISE method to detect cyanide concentrations. However,
because of concerns of rapid metabolism of cyanide, testing at points of import (and possibly
points of export) may also require methodologies that can detect thiocyanate, ACTA or
other metabolites, which is likely to present added challenges. For example, thiocyanate levels
are normally quite high and can be inconsistent. Large variation in background thiocyanate
concentrations reported from mammals would present problems when trying to quantify low
level cyanide exposure, and large and variable concentrations of thiocyanate may indicate that
thiocyanate is involved in a number of biological processes in addition to cyanide metabolism.
One advantage of using ATCA is that it is stable in biological samples for months at freezing
and ambient temperatures, and therefore may be a lasting signature for cyanide exposure.
Unfortunately, there are few existing techniques to analyze ATCA from biological matrices
and not many studies have evaluated the relationship between ATCA concentrations and
cyanide exposure.

Quality control and validation of results

All of the participants recognized the importance of adopting testing methods that generate
accurate and reproducible results. To be accepted in a court of law the results should vary
minimally between testing methods and the chemist performing the test. These methods must
demonstrate adequate sensitivity, specificity, accuracy, and precision as determined by the “fit
for purpose” concept. There was considerable discussion about the possibility of incorrect
results, as the amount of cyanide detected in a sample may be altered due to interference
from inorganic and organic ions as well as the possibility of interconversion between cyanide,
thiocyanate and other metabolites resulting from sample preparation and storage.

Once a test is adopted, training, quality assurance, and proficiency programs need to be
implemented at cyanide testing laboratories and for field testing. Many of the CDT procedures
require extensive training and chemists conducting these tests need to be certified and undergo
periodic spot checks to ensure performance consistency and accurate test results. The Chair
of the working group drafted a white paper which outlines a possible procedure for QA/
QC. He suggested that a training program must be developed employing both didactic and
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hands-on training that develops a demonstrated acceptable level of performance, as defined
by the performance characteristics of the specific test and the needs of the analysis. A
quality assurance program should be based on ISO 17025 or similar structures and should
at a minimum employ documented Standard Operating Procedures (SOPs), bench and blind
QC samples and statistically determined performance limits. A proficiency testing program
should be conducted by an independent body and employ the use standard samples, unknown
to the analyst, analyzed across the network and evaluated statistically to identify laboratory
results that do not meet network performance standards. While there is a recognized need
for QA/QC, one participant was very concerned about the cost and time necessary for the
detailed validation of the results of the particular test chosen, and how this is likely to delay
implementation of a network of CDT laboratories.

The best test

The overall conclusion of the group was that there would be a need for, at minimum, three
to four different types of tests, depending on the point in the chain of custody where the fish
are tested. There currently only exists a single test that has been demonstrated to work in fish,
shortly after collection and for detection of cyanide only, although there are many available
methodologies that could be modified to test for presence of cyanide instead of quantity and
to quantify other cyanide analytes.

It would be extremely valuable to implement a rapid field test used at collection points. This
test would need to verify the presence of cyanide, but not necessarily the actual concentration.
Not only could it be used by enforcement officers as a deterrent, but it could also help
identify particular fish or particular collectors suspected of using cyanide, with more detailed
quantitative monitoring done on samples of concern. The preferred methodology is a rapid
“dip stick” type test; however, additional research is needed on methods to extract cyanide
from fish tissue to allow use of these approaches. At this point, this type of approach has not
been successfully applied to homogenized fish tissue.

The ASTM ISE method was identified by all participants as the optimal choice for a test at
points of export, mainly because it has been widely applied to marine fishes and it appeared
to be effective during early phases of cyanide testing by IMA. However, several concerns
identified in the peer-reviewed literature must be addressed before it (and subsequent certificates
verifying fish are cyanide free) would be accepted by the United States. One participant stated
that the method has undergone extensive round robin testing which addressed QA/QC,
precision, and bias. He also pointed out why other researchers obtained conflicting results
(e.g, they did not follow the methodology or they used a different electrode). Several other
questions still remain such as 1) the possibility that fish exhibit background levels of cyanide
but these could not be measured using the ISE method; 2) incomplete knowledge on how long
cyanide is in fact detectable in fish; 3) lack of validation outside of the IMA/BIFAR network
of the methodology used to digest fish and whether this results in incorrect readings due to
interference of other substances.

A rapid “field” test would be needed for USFWS inspectors at points of import to verify the
presence of cyanide and identify possible fish for more detailed laboratory analysis. This is not
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currently available, and cannot realistically be developed until we address questions regarding
the time after exposure cyanide and cyanide metabolites are detectable.

A quantitative method for laboratory analysis at points of import is needed for forensics
laboratories. It is likely that the method would need to detect thiocyanate and not cyanide (or
possibly ACTA or other analytes). Until more research is done, it is unlikely that an appropriate
test for points of import can be identified.

Table 1: Summary of cyanide detection testing methods.

Detection Method Testing For | Approximate Cost Technical Equipment [ Sensitivity | Reliability | Samples/Day
Low <$5K Training Required
Mod §5-25K Required
High>$25K
Half-life Thour
Location Collection
Headspace Test Strip CN Low Low Low Poor Unknown Many
Location Export
Ton Chromatography SN High Mod-High High Good Unknown 25+
Gas Chromatography ATCA Mod-High Mod-High High Excellent Good 25+
Colotimetric SN Low Low Low Good Good 25+
Location Import
Ton Chromatography SN High Mod-High High Good Unknown 25+
Gas Chromatography ATCA Mod-High Mod-High High Excellent Good 25+
Colotimetric SCN Low Low Low Good Good 25+
Half-life 10 hour
Location Collection
Headspace Test Strip CN Low Low Low Poor Unknown Many
Location Export
Distillation/ISE CN Low Moderate Moderate Good Good <5
Ton Chromatography SCCI\IL High Mod-High High Good Unknown 25+
Gas Chromatography A(”:F@A Mod-High Mod-High High Excellent Good 25+
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Goal 3: Identify research needs to refine methodologies and/or develop other testing
approaches.

The group summarized some of the pressing biological questions and information gaps needed
before the most appropriate testing methods could be adopted. The consensus of the Working
Group was that serious gaps exist in the understanding of the metabolism and elimination
of the cyanide anion and its major metabolites in fish. Without a better understanding of
these processes, the implementation of an exposure assessment method that would meet legal
requirements would be difficult. Therefore, the highest priority for research involves support
for a program that will generate the data necessary to determine the availability of cyanide and
its metabolites for exposure assessment versus the time involved with the local collection of
fish, their transport to a fixed site laboratory prior to export, and their arrival at the import
destination prior to the implementation of an analysis method at any point in the delivery.

The concentration of cyanide present in the living fish will vary depending on the concentration
of the cyanide solution used during exposure, the length of time of the exposure, time for
holding and duration of transport, and post-collection treatment. Rates of metabolism may
also vary depending on species or size. Research should encompass these possible variations,
such that it is possible to quantify measurable levels of cyanide in representative species and
life history stages of marine fishes, and how this changes over time, using at least two methods
and multiple known concentrations. Participants also identified a list of additional research
needs for developing and refining cyanide detection testing methods:

e Determine rates of metabolism of cyanide. A detailed analysis requires that the
analyte is stable and at elevated levels in the fish long enough for it to be delivered
to the laboratory and an examination conducted. Without a better understanding
of these processes in representative marine fish species, the implementation
of an exposure assessment method that would meet legal requirements would
be difficult. The Working Group identified the highest immediate priority is
research to determine the half-life of cyanide and major metabolites (especially
thiocyanate) in marine fish, and variations between species, life history stages, and
the biological matrix examined. To represent the time from initial collection and
transport from the reef to holding facilities in exporting countries and then on to
import destinations, fish samples should be exposed to varying concentrations of
cyanide, with representative individuals sampled immediately after exposure and
subsequent defined intervals.

e Identification of the presence of background levels of cyanide (and major
metabolites) in marine fish. This would include an evaluation of different species
collected from a variety of locations and whether cyanide levels are above the limit
of quantification. One aspect should also include a determination of detectable
background levels, using fish from the wild caught with nets as well as captive bred
species. In addition, the effect of freezing samples must be determined for both
field collection and delayed analysis samples to prevent misinterpretation of data
obtained from frozen samples. These steps are critical to ensure that the applied
test can detect elevated levels of cyanide which would be indicative of exposure by
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fish collectors. To perform this research, validated methods for the determination
of cyanide, thiocyanate and other metabolites (e.g.,, ATCA) in homogenized
fish tissue must be used. These methods must demonstrate adequate sensitivity,
specificity, accuracy and precision.

Demonstration of adequate recovery of cyanide in fish samples that are digested
and verification that sulfuric acid or other compounds used to digest the fish do
not interfere with the readings.

24



Working Group 1 Participants

Bob KOBELSKI, National Center for Environmental Health, Centers for Disease Control
and Prevention (chair)

Andy BRUCKNER, NOAA National Marine Fisheries Service, Coral Reef Conservation
Program

Martin FRANT, Thermo-Fisher Inc.

Ken GODDARD, US. Fish and Wildlife Service, National Forensics Laboratory
Brian LOGUE, South Dakota State University

Benita MANIPULA, International Marinelife Alliance

Peter RUBEC, Florida Fish and Wildlife Conservation Commission

25



Report from Working Group 2

Participants in the Export Working Group discussed current actions underway to address
cyanide fishing, the effectiveness of these activities, and additional efforts that would be needed
to successfully eliminate cyanide use for the capture of marine fishes. A comprehensive and
robust scheme would require six strategic actions:

1) Education for fishermen and exporters in problems associated with cyanide use and a
training program in the use of nets;

2) Improved partnerships between all sectors of the ornamental and live food fish trade,
including industry, government agencies, and conservation groups;

3) Targeted cyanide testing in the field and at points of export;

4) Improved monitoring and validation of exports as cyanide-free;

5) Licensing schemes and adequate enforcement measures for offenders; and

6) Sustainable funding mechanisms to support cyanide detection labs.

The group also discussed some of the difficulties in implementing a cyanide testing network,
pinpointing the largest gaps as insufficient funding, lack of trained personnel, and limited
laboratory capacity. Funding is particulatly challenging, as there are discrepancies in monitoring,
testing, and enforcement under any cyanide use prevention scheme. They also identified
difficulties associated with testing due to the large spatial and temporal scale over which the
trade operates, and limitations of available testing methods.

The Working Group developed a short list of priorities for cyanide testing in export countries.
The first priority is to validate the leading cyanide testing methods for accuracy. The chosen
method must be a credible, proven test that is effective in prosecution. Once there is consensus
on a valid, defensible test, training in testing procedures and cyanide-free catch techniques
must take place. In conjunction, a database should be developed to track testing results and
violations. This database should be linked to the accreditation and licensing scheme, with
repeat offenders losing their license for collection or export, along with other penalties.

Goal 1: Outline what to include in a robust scheme for monitoring exports to determine
whether a fish was caught using cyanide.

Considerations for testing

A successful detection test must be sensitive enough to detect cyanide or cyanide metabolites
for a minimum of 5 to 10 days after collection to accommodate the time period between
collection and export.

As the demand for live reef fish has increased and local fish populations have declined, areas
of collection have expanded. Whereas most collection once occurred on local reefs near
villages in close proximity to major international airports, collection areas now include remote
offshore reefs. The average time between collection and transport to a village landing area is
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estimated at roughly 3 to 5 days. However, in some locations roving fishermen may embark
on collecting trips that last for up to 2 weeks before fish are finally landed in a local village. At
holding facilities, aquarium fish are typically quarantined for 1 to 4 days before they are sold
to a middleman or exporter. For live reef food fish, the time between collection and export
can be even longer: collectors may hold fish in floating cages for several weeks before they
are purchased by a middleman or exporter. Trade routes can also be quite complex, and may
include transport via boat, road, local flights and international flights. Marine aquarium fish are
also typically held by the exporter for an additional period of 2 to 5 days before shipping.

Optimal targets for cyanide testing
Identifying the most effective target points for cyanide testing is a priority. Participants thought
the easiest location to test for the presence of cyanide was points of export at international
airports, since the majority of fish are sent abroad by air. Cyanide detection testing (CDT)
laboratories should be established close to major regional airports, including:

e Indonesia — Bali, Jakarta, Sulawesi, Ujung Pandang, Manado, Surabaya

e Vietnam — Saigon, Hanoi, Da Nang

e Philippines — Manila, Cebu

Also needed is development of a field test that could be implemented by enforcement officers
at landing areas. As reef fish may be transported by land and boat (e.g,, live reef food fish),
random testing would ideally be done in every village with a landing area This raises the issue
of choosing the most appropriate methods for sampling. An effective cyanide testing regime
must address who would be impartial samplers, how often to sample, what size sample to take,
and whether to include targeted samples as well as random ones.

Obstacles limiting testing

Assuming the Ion Selective Electrode (ISE) cyanide test proves valid, additional obstacles
to using the test centered on funding, geographic barriers and distance, and potential social
backlash. Testing at field sites and airport points cover both ends of the export chain, and is
therefore ideal. However, lack of funding might constrain this possibility. Funding for testing
would initially rely largely on government support, possibly supplemented by international
donors and importing countries. Longer-term financing may require inspection fees that are
covered by the exporter as well as taxing particular industry components; this may subsequently
be passed on to the importer and ultimately the consumer. Funding for testing schemes should
be self-sustaining, and needs further consideration on how to structure and implement such a
system on the export side.

Enforcement considerations

The process of accountability is a challenge. On one side is the issue of test verification, and
on the other is the issue of prosecution. Creating a system for trustworthy, reliable testing
must be airtight in order to stand up to exporters who challenge it, especially if it becomes a
requirement. There must also be incontestable consistency, so that testing at two separate sites
does not return differing results. Holding someone accountable would have to lie with the
government, and depends heavily on where along the export chain you wish to target. There

27



must also be some degree of coordination between export and import nations for a truly
successful testing system.

Monitoring fish at landing areas can also employ indirect evidence of cyanide use. For example,
if fishers are catching more fish than would be expected under normal circumstances, they
might be using cyanide. Further, certain species are more often caught using cyanide than
others; therefore, monitors should be trained to know which species to look for.

Perhaps the most logical and proven method calls for placing the burden on exporters to clean
up the supply chain, butitis important to note the inherent challenges in this type of approach.
Testing only at points of export may be complicated, as the exporter may request cyanide-free
fish but be unable to verify this. Because exporters may purchase fish from middlemen, and
fish from multiple sources may be mixed within the export facility, it may be challenging to
demonstrate the connection between the exporter and the collector. Despite these concerns,
the participants agreed that initiating a cyanide detection testing scheme at export points
remains the most practical and manageable starting point.

Target points

In addition to some of the limitations described above, the group felt additional measures are
needed to tackle the actual root causes of the problem. Several participants felt that exporters
were the cause of the problem, as opposed to the actual fishers. The exporters may supply
the cyanide in some cases, and they also provide few incentives to collectors who use nets
instead of cyanide. However, testing only at airports may be inadequate, as the volume of fish
exported on a daily basis may exceed the limits of testing, thereby allowing many cyanide-
caught fish to be exported. It is important to recognize that this oversight may occur even in
the best of schemes. However, if sampling is frequent enough and penalties high enough, it
should become more economical for exporters to invest in cleaning up the supply chain.

One other alternative could include spot checks at points of landing, solely to verify exposure
to cyanide, followed by more quantitative testing of fish at airports, with repeat offenders
losing their license (fish collectors) or being prosecuted (exporters). This would shift the
burden to the exporters, who ultimately make most of the profit and has direct control over
what they purchase from fishermen. In the past, the Philippines conducted monitoring at the
landing areas, and samples were then sent on for further testing at the airport lab.

In conjunction with testing, educating collectors has been pushed in the Philippines, while

Vietnam’s approach to the similar issue of dynamite fishing has been to deputize villagers who
curtail nighttime use and enforce local fisheries management regulations.
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Goal 2 : Identify steps, agreements, and/or partnerships that could be established between
exporting governments, the U.S. government, NGOs, certiﬁcation agencies, community
groups, and academic scientists to implement cyanide testing.

Harmonization

Export countries emphasized the need for harmonization of standards between importers
and exporters to eliminate policy gaps and potentially tighten enforcement. Import countries
should create clear requirements for shipments, make the policies available to exporting
countries so they can comply, and make them understandable. Information on quarantine
requirements, clear documentation requirements, and the creation of a unified labeling and
packaging system are all ways to reduce discrepancies.

Training and education

Parties emphasized that tying education and enforcement together is critical to a successful
implementation strategy. This includes educating government officials as well. Public awareness
campaigns featuring celebrities or other popular personalities might help get the general public
interested and galvanized on these issues. Education programs must be designed carefully and
with appropriate follow-up, as past education efforts have also made users of cyanide more
clever about covering their tracks. Re-education and training for collectors will be necessary
if some are forced out of the trade by new enforcement and regulations. Parties should work
further on eco-tourism and supplementary livelihood options.

Partnerships

Partnering with multiple stakeholders and interested parties will increase the likelihood of
a successful cyanide testing regime. Importing parties should improve coordination and
communication with importing countries. Data on exporters could be shared with government
agencies in importing countries, including the numbers of legitimate exporters, which ones
still use cyanide, where the fish are caught, and so forth. Sharing such information could help
identify legal and illegal shipments for importing countries.

Because the marine aquarium fish trade is lucrative for exporting countries, parties should not
ovetlook the role of business entities. Garnering support from the business sector could push
government in the right direction, or achieve faster results than diplomatic avenues.

Partnering with local communities is extremely important. It is vital that community-based
initiatives be carried out correctly. Improper training can result in the community becoming
even more committed to hiding their cyanide use. Licensing is a potential avenue for community-
based cyanide-free fishing efforts. In the Philippines, parties are re-defining things by province
and talking to community leaders (mayors) for input on how to regulate live fish trade in terms
of licensing,

Partnering with both local and international NGOs can provide transparency and aid in

enforcement, education, and communication from the provincial level up through the national
and international levels.

29



Goal 3: Provide a recommendation with respect to the possibility and/or benefits of a
mandatory, government-issued, export certification that states the fish were caught with
legal practices.

Cyanide detection: current procedures

Efforts to find cyanide in exporter countries are already taking place through boat searches
using local enforcement or the Navy, and training on where to look for cyanide. However,
uncovering cyanide use is harder now due to several key behaviors, including users traveling at
night, cyanide stashes hidden underwater, and a switch from fishing out an area to collecting
for two days and then moving on. Inspections already occur in Indonesia and the Philippines,
but they are insufficient.

Limited cyanide testing is reportedly occuring at airports in the Philippines, but this testing may
occur several days to two weeks after initial cyanide exposure. Due to the rapid metabolization
of cyanide, this time frame may be too long for accurate testing. Sampling is either voluntary
or provided by the exporter; there is no random or obligatory sampling for cyanide testing
in Indonesia and the Philippines. Even with a sample provided, boxes may not get inspected
before shipment. Also, if a shipment makes several stops before its final destination, the
exporter has no control over the shipment at those stops, where shipments might be tampered
with or altered.

Next steps

The Working Group felt the only viable strategy to accrue evidence of cyanide use hinges
on a testing scheme; any other strategy would be difficult and, while it could be a supporting
scheme, it could not be the main strategy. An effective test would need to detect prior
exposure to cyanide at the landing area within a 5- to 7-day frame, and a 7- to 14-day frame at
international airports. If the ISE test is examined and proven reliable, funding for reinstating
and significantly enhancing the accompanying infrastructure will then need to be addressed.

Cyanide-free verification: testing outputs
The Working Group examined numerous options for verifying cyanide-free marine ornamental
fish. Three main approaches were discussed.

1) Accreditation: The possibility of using a cyanide test as an accreditation tool may
improve industry support as an alternative to a cyanide-free certification scenario. For
example, if after 10 cyanide-free shipments occur, the company would be accredited
for a year’s time. Testing would continue even after accreditation, in order to maintain
enhanced standards and monitoring,

2) Certification: The viability of independent third-party certification schemes is unclear
at this point. Previously, shipments verified as cyanide-free based on the ISE testing
method received cyanide-free certificates. While this could be a requirement for export
of fish, it is not apparent whether this could be used as a legal toe-hold for prosecution
between import and export countries. For example, if a shipment comes with a
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3)

certificate, but tests positive upon arrival in import countries, import enforcement
officers can then testify in export countries.

Licensing: Under a licensing scheme, the marine resource oversight organization
within each export country should determine loss of license for those who fail cyanide
testing. Due to the contentious nature of prosecution, the scheme would need an
independent group to do the sampling. However, this puts the pressure again onto the
quality of the test (given that the law is clear). One suggestion was that the municipal
government revoke the fishing license if authorities choose to trace it back to the point
of collection. It was also suggested that, similar to anti-fencing laws, the government
should see it as “anyone with stolen goods is guilty.”” This would hold the exporter
accountable if in possession of fish testing positive for cyanide.
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Report from Working Group 3

The Participants in the Import Working Group discussed the possibility of implementing a
cyanide testing scheme at points of import, with an emphasis on the United States. Cyanide
testing for this sector of the live reef trade would primarily address imports of marine aquarium
fish (MAF), because the United States currently imports 50 to 60% of all MAF, whereas live
reef food fish (LRFF) represent a small component of U.S. imports. While the trade in LRFF
is substantial (up to 30,000 metric tons per year), most imports are destined for Hong Kong
and other Asian markets. Testing options could differ between these two types of trade as well,
as LRFF consist of much larger and differing, selective species than MAF. Hence, testing of
imports of LRFF could focus on detection of cyanide in blood, while MAF testing relies on
whole digested fish. The cytokinetics of cyanide may also differ among LRFF and MAF, in
terms of rates of breakdown and removal, as cyanide can be removed from the blood much
faster than from tissues. Larger, more active mobile predatory fish may have different rates
of metabolism. Most MAF are small, site-attached species, whereas larger groupers and other
species are likely to have a higher metabolism because they are faster swimmers. In addition,
the background levels may vary considerably among taxa, and could be higher in larger LRFF
as these are top predators that may be consuming smaller fishes containing cyanide.

Goal 1: Outline what to include in a robust scheme for monitoring imports to determine
whether a fish was caught using cyanide.

The group suggested that implementation of cyanide testing at points of import would be
much more difficult, costly, and time-consuming than at points of export. They identified
numerous challenges that need to be addressed before an effective import cyanide testing
scheme is possible. These include, but are not limited to, the following central issues:

Infrastructure and facilities

Deficiencies in staffing, funding, equipment, and facility resources remain key issues in
developing a U.S. import cyanide monitoring system. At present, lead ports for fish shipments
include Los Angeles and Miami, with some support from non-designated ports such as
Charleston and Tampa. Hundreds of boxes of invertebrates, fish, and corals pass through
US. ports daily (Table 1, and Figures 1-2). The U.S. Fish and Wildlife Service (USFWS) Law
Enforcement staff largely focus on species listed under the Endangered Species Act (ESA)
and the Convention on International Trade in Endangered Species (CITES), due to specific
legislative mandates for these taxa. In addition, there are no adequate facilities to maintain
large shipments of fish while testing is undertaken, and seizures of live fish imports would be
impractical and likely to result in high levels of mortality.

33



Identification and testing

The United States currently imports about 16 million MAF per year. Shipments can range from
20 to 25 or more boxes for small tropical fish, while larger shipments can include 50 or more
boxes. Each box may contain several hundred fish, with each fish packaged in an individual
bag or with mixed species in larger bags. Opening the bags to examine a fish introduces oxygen
out of the bag and further threatens survival. This poses a huge challenge for identifying all
species and possibilities for cyanide testing. The optimal strategy for testing would include a
rapid, simple diagnostic test for use at the port, such as a “dipstick” method, that would simply
identify the presence of cyanide (“yes or no” system). The test cannot take more than a few
minutes, based on shear size of import shipments, lack of manpower, and split attention for
ESA and CITES identified priority species. If the field test confirmed the presence of cyanide,
a shipment could be seized and sent on to a diagnostic laboratory where a more detailed test
could be performed to quantify levels of exposure.

Table 1: Shipments of marine ornamental fish in each United States port city between July 2004 and June 2005.

No. of % of Total % of Total
Shipments Shipments Quantity Quantity

Agana, GU 0 1,865 0
Atlanta, GA 230 2 435,498 3
Baltimore, MD 1 0 45 0
Blaine, WA 2 0 16 0
Buffalo-Niagara Falls, NY 51 0 293 0
Chicago, 11, 25 2 519,547 3
Detroit, MI 74 1 90,430 1
Dallas-Ft. Worth, TX 272, 2 295,832 2
Honolulu, HI 1,492 13 584,755 4
Los Angeles, CA 5,548 47 8,994,755 56
Miami, FL, 1,898 16 2,442 173 15
Newarl, NJ 54 0 70,730 0
New York, NY 946 8 1,570,988 10
Portland, OR 78 1 51,950

Seattle, WA 3 1 54,689 0
San Franciso, CA 662 6 954,049 6
Sumas, WA 1 0 2 0
San Diego-San Ysidro 10 0 3,545 0
Tampa, FI. 75 1 7,925 0
unknown 20 0 6,896 0
Totals 11,751 100 16,085,983 100
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Figure 2: Quantity of Marine Ornamental Fish by Port from July 2004 to June 2005.
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Goal 2: Identify steps, agreements, and/or partnerships that could be established between
exporting governments, the U.S. government, NGOs, certiﬁcation agencies, community
groups, and academic scientists to implement qyam'de testing.

Funding

Sufficient funding continues to be a serious concern across the board. Addressing existing
obstacles and implementing new plans must have financial backing to move forward. One
approach to enhance funding focuses on improved education and awareness about the issue
and the factors limiting the ability of USFWS to effectively prevent imports of cyanide-caught
fish. One recommended method involves the use of high-profile celebrities as spokespeople,
which is likely to raise public concern and ultimately push politicians to alter and enforce
policies on the aquarium trade. With political power behind them, trade programs could
receive targeted funding through congressional earmarks and increased support from large
donots and NGOs.

Harmonization

The participants emphasized the need for harmonization of standards between importers and
exporters to eliminate policy gaps and potentially tighten enforcement. Import countries should
create clear requirements for shipments, make the policies available to exporting countries so
they can comply, and make them understandable. Information on quarantine requirements,
clear documentation requirements, and the creation of a unified labeling and packaging system
are all ways to reduce discrepancies.

Government linkages: exporting countries and importing countries

Exporting parties should improve coordination and communication with importing counttries.
Representatives from Vietnam, Indonesia, and the Philippines indicated that data on exporters
could be provided (including the numbers of legitimate exporters), which ones still use cyanide,
where fish are caught, and so forth. Sharing such information could help identify legal and
illegal shipments for importing countries. United States enforcement staff would benefit from
knowing which companies repeatedly test cyanide-free, as well as those companies that tend
to use cyanide. Some degree of coordination must occur between export and import nations
for a truly successful testing system.
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Goal 3: Provide a recommendation with respect to the possibility and/or benefits of a
mandatory, government-issued export and/or import certification that states the fish were
caught with legal practices.

Export certification

Although participants from exporting countries suggested the possibility of either government-
issued or third-party certificates verifying fish as cyanide-free, the United States is unlikely
to use these for enforcement or prosecution. A certification document would not resolve
or relieve any of the enforcement issues discussed, and did not seem reliable or establish
any measure of relief that certified fish would be cyanide-free. Third-party certification also
seemed improbable, as this process is most often used on the consumer side rather than the
government side.

Current U.S. procedure for import inspections examination

All wildlife imported into the United States, with a few exceptions, must be declared to the
US. Fish and Wildlife Service (USFWS) and cleared prior to release by US. Customs and
Border Protection. Each shipment imported into the United States requites the importer and/
or broker to file a U.S. Fish and Wildlife Declaration (Form 3-177) to the USFWS at the time
of import. Each shipment includes the filing of the USFWS declaration form, which provides
all relevant information pertaining to the shipment, such as date of import, US. importer,
foreign exporter, the common and scientific name for each species of wildlife, quantity and
origin of species, carrier, number of cartons containing wildlife, etc., and other accompanying
documentation.

Allshipments containing species listed under the Endangered Species Act (ESA), the Convention
on International Trade in Endangered Species of Wild Fauna and Flora (CITES), or other
federal wildlife laws must include the appropriate permits. As such, these types of shipments
usually have a higher priority for physical inspection as opposed to shipments containing non-
protected wildlife. The physical inspection entails verifying the shipment’s contents with the
information listed on the permits, invoices, and other documentation. Shipments containing
non-protected species of wildlife are randomly inspected.

Due to the high volume of wildlife shipments imported into the United States, the mission
and priorities of the Office of Law Enforcement, and limited staffing and resources at the
present time, it is unlikely that all shipments containing live marine ornamental fish can be
inspected and tested for the presence of cyanide unless new legislation is adopted and staffing
is increased.

Policy changes and trade restrictions

The United States currently has no legislation banning the import of unsustainably caught
aquarium fishes. It was generally agreed during the working group session that existing U.S.
laws under the Lacey Act could be sufficient for prosecution, but the execution, funding, and
support for those regulations needs consideration. Within the United States, the Lacey Act
drives import inspection and enforcement. If exporting countries impose clear laws against
exporting cyanide-caught fish, the United States could potentially prosecute violations under
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the Lacey Act. Such legislation would allow the United States to demand more culpability on
the importer and, in effect, make the trade of cyanide-caught fish an international violation.

Unfortunately, US. courts are unlikely to accept any analytical procedure that does not
conclusively determine both the presence of cyanide and the amount of cyanide in the
specimen. For example, if only trace amounts of cyanide are detected, the defense could offer
expert witness testimony that cyanide can be found as a “background” contaminant in many
ocean waters of the world.
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Introduction

Since the early 19607, coral reefs have been
increasingly exploited by fishermen-who
use cyanide to capture reef fishes alive, in
otder to sell them to the live food fish trade
(sold to restaurants in Hong Kong and
mainland China) and marine aquarium fish
trade (Rubec 19806, Rubec 1987). Fishermen
stun the fish by squirting hydrogen cyanide
(HCN) solution onto coral heads and into
crevices in coral reefs. The sodium cyanide
(NaCN) tablets used by collectors in the
Philippines and Indonesia weigh about 20 g
each (Johannes and Riepen 1995). Fishermen
who collect ornamental fish for aquarium
tanks generally place one or two 20 gram
tablets of sodium cyanide (or potassium
cyanide) into a one-liter plastic squirt bottle
filled with seawater, while food-fish collectors
use three to five tablets (Rubec et al. 2001).
The tablets sequentially dissolve in the squirt
bottle as collectors proceed to spray the reefs,
making it difficult to determine the cyanide
ion (CN) concentrations being applied.
It has been suggested that fish collectors
use concentrations ranging from 1,500 to
120,000 mg/L. (Johannes and Riepen 1995;
Barber and Pratt 1997, 1998; Pet and Djohani
1998; Jones et al. 1999). Since not all of the
cyanide applied from squirt bottles dissolves,
it is sometimes visible underwater as a whitish
plume (Rubec et al. 2001). Not all fishermen
limit themselves to squirt bottles. Reports
from the Philippines assert that 55-gallon
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drums of cyanide have been dumped onto
reefs to kill and capture food fish (del Norte
et al. 1989, Johannes and Riepen 1995).

As far as cyanide testing is concerned, the
amount of cyanide that might be detected
is partly a function of the
concentration of cyanide. If higher doses

CXpO sure

are used in collecting, then higher initial
concentrations in the fish are possible. The
review conducted by SeaWeb at the CDT
Workshop quoted a paper by Fahrudin
(2003) that stated: “One cyanide tablet (2 g)
is mixed with approximately 3 liters of water
in a plastic bag or bottle” (SeaWeb 2008).
Based on this information, Fahrudin (2003)
calculated the resulting cyanide concentration
as approximately 6.67 mg/L (ppm). It should
be noted that the tablets weigh approximately
20 grams (not 2 grams) and that the tablets
are usually dissolved in a squirt bottle of
about one liter volume (Johannes and Riepen
1995). The minimum exposure concentration
squirted on a fish on the reef exceeds 1500
mg/L (Cervino et al. 2003).

At the Cyanide Detection Workshop (held
February 6-8, 2008 in Orlando, Florida) a
subgroup of experts (Dr. Brian Logue, Dr.
Robert Kobelski, Drt. Peter Rubec, Dt. Martin
Frant, Ms. Benita Manipula) met to discuss
the various methods that have potential
for measuring cyanide or other metabolic
byproducts in marine fish.



Pharmaco-kinetics of Cyanide In Fish

Dr. Kobelski of the Centers for Disease
Control and Prevention (CDC) led the
discussion. He directed the discussion toward
the need to determine uptake and release rates
for cyanide ion (CN") and/or the thiocyanate
anion (SCN) in marine fish. The committee
was divided between those that believe that
cyanide is quickly metabolized and excreted
in a matter of hours (Kobelski and Logue)
and those that believe that cyanide is retained
for longer time periods (Rubec, Manipula,
and Frant). Dr. Logue of South Dakota
State University has summarized information
from mammals that indicates that cyanide
in humans is quickly metabolized (Logue
and Hinkens 2008). Dr. Kobelski noted that
he had contacted a marine toxicologist at
Cornell University that told him there was no
reason to believe that fish would be different
from mammals, since the pharmaco-kinetic
processes are similar. The committee agreed
that CN is concentrated in certain organs
where it is converted to SCN™ by the enzyme
rhodanese. While there are several pathways
for cyanide metabolism, most of the SCN"is
excreted in the urine. There was disagreement

concerning how quickly these processes occur
in fish.

Dr. Rubec discussed the available research
pertaining to fish. He also noted that the IMA
was able to detect cyanide in marine aquarium
fish (MAF) 5-14 days after they were captured
using cyanide. This suggested that cyanide is
retained in MAF for longer time periods than
what has been documented with mammalian
research (mostly humans).

Therehasbeen research conducted concerning
cytokinetics of cyanide in freshwater fish
(rainbow trout) but almost nothing published
for marine fish. Dr. Rubec mentioned the

research on rainbow trout by Raymond et al.
(1986) and Brown et al. (1995). This research

has been reviewed in the paper concerning the
cyanide detection testing (CDT) conducted by
the International Marinelife Alliance (IMA)
under contract with the Philippines Bureau
of Fisheries and Aquatic Resources (BFAR)
from 1993 to 2001 (Rubec et al. 2003).

The concentration of cyanide present in the
living fish over time is dependent on several
factors e.g, concentration of the cyanide
solution used during exposure (squirting),
the length of time of the exposure, time
for holding and duration of transport, post-
collection treatment (changes of water etc.).
The conversion rate of hydrogen cyanide
(HCN) to SCN" appears to be limited by the
availability of sulfur (Leduc 1984). Hence,
both HCN and SCN" occur in the blood.

The link between waterborne CN- exposure
and plasma SCN has been established in the
rainbow trout (Oncorhynchus mykiss) (Raymond
et al. 1986; Speyer and Raymond 1988;
Heming et al. 1985; Heming and Blumhagen
1989; Lanno and Dixon 1993, 1996a, 19906b).
In situations of chronic cyanide exposure,
detectable levels of SCN" were present in the
plasma of trout after one day of exposure to
0.01, 0.02, or 0.03 mg HCN/L and increased
over the 20-day exposure period (Raymond et
al. 1986). Raymond et al. (1986) found that
there was still enough free HCN present in
the blood to inhibit the action of cytochrome
oxidase in the liver of rainbow trout during
20 days of tests. Lanno and Dixon (1996a)
also observed the accumulation of SCN-
in the plasma of trout exposed to 0.006
or 0.03 mg CN/L over a 16-week period.
Bioconcentration factors (SCN/CN’) were
170 and 88, respectively, for the two exposure
concentrations.

Brown et al. (1995) used high-pressure
liquid chromatography (HPLC) to examine
the pharmaco-kinetics of plasma SCN in
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rainbow trout exposed to 40 mg SCN'/L.
Using depuration rate constants (k) ranging
from 0.29-0.34 day”, a depuration half-life
of about 4 days was estimated. Significant
levels of SCN"were detectable at 8 days and
declined to below detection limits by 16 days.
The determination of plasma SCN-levels may
be a useful biomarker of cyanide exposure.

The studies by Brown, Lanno, and Dixon cited
in the previous paragraphs generally involved
exposing rainbow trout to low levels of either
CN- or SCN' for long time periods (chronic
exposures). Research is needed in which fishes
are pulse-dosed with higher concentrations
of cyanide over short (acute) time periods
(Iess than 90 seconds) to simulate exposures
similar to those used during cyanide fishing,

The conversion rate of CN"to SCN" facilitated
by the enzyme rhodanese is not simply a
function of enzyme kinetics (Leduc 1984).
The conversion rate appears to be limited
by the availability of sulfur present in the
fish. Likewise, the metabolism and excretion
of SCN from the fish may be related more
to osmoregulation than to temperature-
mediated enzyme kinetics. Freshwater fish
have a higher blood ion concentration (hyper-
osmotic) in relation to the surrounding water;
while marine fish have a lower blood ion
concentration (hypo-osmotic) in relation to
seawater. Hence, freshwater fish have a high
rate of urinary excretion and marine fish have
a low rate of urinary excretion; which helps
the fish to maintain osmotic equilibrium with

surrounding aquatic environments (Smith
1982).

Since the physiology of freshwater and
marine fish is drastically different with regard
to the maintenance of osmotic balance (Smith
1982), it stands to reason that the regulation
of plasma anions may also differ. It is believed
that marine fish retain SCN- for a longer
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time period than freshwater fish because of
the lower rate of urinary excretion. Hence,
the interpretation of results from cyanide
exposure studies conducted with freshwater
fish to the toxicity and kinetics of cyanide in
marine fish should be conducted with caution.
Scientific studies are needed concerning the
physiology and pharmaco-kinetics of CN-
and SCN" with marine fish.

The committee agreed that there was an urgent
need for research to determine the pharmaco-
kinetics of cyanide and its metabolites in
MAF. Without this knowledge, it is difficult to
predict whether or not various cyanide testing
methods can be applied associated with the
chain-of-custody from collectors to export
companies situated the Philippines, Indonesia,
and Vietnam to importers, wholesalers, and
retailers situated in importing countries like
the U.S.A.

Field Test In Exporting Countries

In response to threats from terrorism, a
number of field tests for cyanide have
been developed and evaluated for the US-
Environmental Protection Agency (US-EPA)
by Battelle. Most of these are either low-
cost colorimetric kits (dependent on color
changes) or based on ion selective electrodes
(ISE) linked to portable ISE meters. These
kits mostly detect cyanide in water. One
colorimetric test kit discussed by Dr. Rubec
is sold by Industrial Test Systems (ITS) and
is called the Cyanide ReagentStrip™ Test Kit
(Batelle 2005). Thermo-Fisher markets the
Thermo Orion 9606 portable ISE equipment.
There are other companies with similar
products that also were evaluated by Batelle
for US-EPA over the past five years.

Mr. Gil Adora (Deputy Director of BFAR
within the Philippines Department of
Agriculture) and Mr. Agus Dermawan (Deputy
Director of the Division of Small Islands



and Marine Parks within the Indonesian
Ministry of Marine Affairs and Fisheries)
both expressed, in their presentations at the
Cyanide Detection Workshop, the need for
a rapid, easy to use field test to support law
enforcement efforts. The available kits and/
or meters generally measure CN" in solution.
These kits may be useful to detect cyanide ion
in solution (such as in seized cyanide squirt
bottles) or to detect cyanide after suspected
tablets seized from collectors/fishers are
dissolved in water (fresh or saltwater). The
fishers/collectors use either sodium cyanide
(NaCN) or potassium cyanide (KCN) for
cyanide fishing, Sodium cyanide is mostly used
to capture fish by fishers in the Philippines;
while potassium cyanide is more commonly
employed for cyanide fishing in Indonesia.
The committee agreed that portable test kits
designed for measuring cyanide in solution are
unlikely to be effective in detecting cyanide
bound in the tissues of MAR

Soudararajan Procedure

Another suggested method for testing fish
samples for the presence of cyanide was
developed by Dr. Rengarajan Soundararajan
in 1990 (Rubec and Soundararajan 1991). The
method involves the extraction of cyanide
from blended fish tissues using concentrated
sodium hydroxide (NaOH). The method is
appealing since it is relatively simple and quick
to conduct. The cyanide ion is released from
the tissues into sodium hydroxide (NaOH).
The high pH (pH 12-13) of the solution
prevents the cyanide from being lost to the
atmosphere. Cyanide concentrations can then
be measured with an ion-selective electrode
(ISE).

Fivefishspeciesobtained fromIndonesiatested
in the U.S.A. had cyanide ion concentrations
ranging from 5.8 to 23 mg/kg (ppm) (Rubec
and Soundararajan 1991). A Clown Triggerfish
obtained from the Philippines exhibited a

cyanide ion measurement of 1120 mg/kg. No
cyanide was detected in two Flame Angelfish
obtained from the Marshall Islands, for two
French Angelfish from the Caribbean, and
two species of surgeonfish obtained from
Hawnaii. Hence, cyanide was detected in fish
from countries known to have collectors
using cyanide and no cyanide was detected in
fish obtained from countries where cyanide is
not used for collecting marine aquarium fish.

The International Marinelife Alliance (IMA)
evaluated the techniquein 1991, butabandoned
it after it was found to give anomalously high
cyanide readings. It was suspected that the
anomalously high readings found by the IMA
might have occurred because of false-positive

readings caused by sulfide interference with
the ISE electrode.

Research by Aquarium Systems was conducted
with a small grant obtained by IMA from the
Columbus Zoo (Frakes and Studt 1996). The
basic procedure was to expose the fish to
known concentration of cyanide ion, kill the
fish, then puree the samples in 5 Molar (M)
NaOH. The NaOH volume was calculated
to yield a 10% by weight fish slurry. This
slurry was allowed to settle and a clear aliquot
was diluted with distilled water to produce
another 10% by weight dilution. Cyanide ion
(CN) concentrations in the final solution, 1%
fish tissue, and approximately 0.5M-NaOH
were measured in millivolts (mV) recorded
with an Orion CN" ISE linked to an Orion
ISE meter.

These readings were compared with a semi-
log plot (calibration) produced with known
cyanide concentrations of 0.1, 1.0, and 10
mg/L levels with mV readings recorded
as each level (Frakes and Studt 1996). Lead
carbonate was added to the supernatant
solution to precipitate sulfides from solution.
The first trial compared readings with Atlantic
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Blennies, which were net-caught and exposed
to cyanide. Both the test and the control
fish (not exposed to cyanide) were found to
exhibit cyanide levels of about 300 mg/L
(ppm). Hence, the addition of lead carbonate
to the solution prior to ISE testing did not
eliminate the anomalously high readings.

A second experiment evaluated whether
the high readings might be due to iodide
interference with the ISE. Again, the
experiment was inconclusive. In a third
experiment, test fish (4 Caribbean Blue
Chromis, 1 Atlantic Wrasse, and 3 Goldfish)
were exposed to cyanide concentrations
ranging from 1.3 to 3.9 ppm CN- for times
ranging from one minute (for the 4 chromis)
to 14 minutes (for a goldfish). Readings for
control fish (1 wrasse and 2 goldfish) not
exposed to cyanide produced higher mV
readings than fish exposed to cyanide.

Recent analyses by Ms. Benita Manipula
using the Soundararajan procedure and
cyanide measurements obtained using an
Industrial Test Systems (ITS) colorimetric
Cyanide Reagent Strip™ (Cyanide Test Kit
484003) have also experienced difficulty in
obtaining reliable measurements of cyanide
concentrations in comparison to known
concentrations of cyanide ion in sodium
hydroxide solution (lacking slurry). The
problem does not appear to be related to
the reliability of the ITS cyanide test strips,
since they have been demonstrated to be
sensitive (down to 0.02 mg/L) and reliable
for measuring cyanide ion concentrations in

water (Battelle 2005).

The most likely explanation for these results
is that organics in the digested tissue solutions
containing sodium hydroxide produced the
anomalous readings both with the ISE and
the ITS test strips. Dr. Frant suggested that
these could be volatile mercaptans from
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sulfur-containing proteins. Further research
is needed to see whether it is possible to
measure cyanide ion concentrations in
solutions obtained from marine fish using
the Soundararajan tissue digestion method. It
does not appear likely that the Soundararajan
procedure can be applied as a field test (Rubec
and Soundararajan 1991, Rubec and Manipula

2008).

Cyantesmo Screening Test

The workshop committee agreed that it
might be possible to digest fish samples in
sulfuric acid in a closed container to release
hydrogen cyanide (HCN) from the digested
sample into the atmosphere of the container.
Test strips mounted in the container (such as
near the lid of a jar) might be able to provide
a colorimetric indication for the presence of
cyanide ion. This approach would need further
research and field evaluations. It is likely to
only work near the point of collection in the
exporting countries; where cyanide ion is
most likely to be present in the fish at higher
concentrations.

Actually, there are several testing protocols
based on this idea. The American Society
of Testing and Materials (ASTM) published
a screening method (ID-5049) for screening
cyanides in waste (ASTM 1990). The protocol
involves adding 5 grams of organic sample
to a sealed vial also containing concentrated
sulfuric acid. Hydrogen cyanide released
from the sample causes a color change
with Cyantesmo paper suspended over the
sample.

A similar screening protocol (Figure 1) is used
by the US. Food and Drug Administration
(FDA) to analyze various foodstuffs for the
presence of cyanide-including meat and
vegetables (Flurer et al. 2005). It has been
used to detect cyanide with tuna samples
(both frozen and canned) spiked with cyanide.



The Cyantesmo paper changes color from
light green to dark blue depending on the
concentration of hydrogen cyanide liberated.

Several papers have been published using
Cyantesmo paper. Flinger et al. (1992) used
it as a screening tool to detect the presence
of cyanide liberated from blood samples.
Relia et al. (2004) evaluated the method
with concentrations of cyanide ion ranging
from 0.25 to 30 mg/L (ppm). The test strips
demonstrated incrementally increasing deep
blue color changes over a progressively longer
portion of the teststripinless than five minutes
for each concentration of cyanide including
1, 3, 10, and 30 mg/L. The concentrations of
0.25, 0.5, and 0.75 mg/L required more than
two hours to begin demonstration of a color
change.

It is recommended that the FDA protocol be
evaluated as a screening tool for the detection
of cyanide in fish tissue samples near the

point of collection in exporting countries.
The procedure will require the use of regional
testing laboratories. It has the advantage that
many samples can be analyzed at low cost.

BioSensors

Mak et al. (20052) presented a summary of
various papers that have developed biosensors
for detecting cyanide ion. Most of the methods
are dependent on measuring chemical reaction
products based on enzymatic reactions (e.g,
formate production from action of cyanide
hydratase, cytochrome oxidase inhibition,
peroxidase inhibition, rhodanese and sulphite
oxidase reactions). There is also a microbial
sensor, and the measurement of oxygen
uptake by bacteria. There are efforts being
made to link the enzymatic reactions to
potentiometers to measure the enzymatic
reaction as changes in electrical potentials.
The idea is to create a microprobe (containing
the enzymes) that would be inserted into the
blood to give a reading based on a change in

Check color of test strips periodically and note any

color change.
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Figure 1. Sealed test tubes used by the U.S. Food and Drug Administration to detect the presence of cyanide
in foodstuffs using Cyantesmo paper suspended above an acidified sample. Image provided by Dr. Fred Fricke,

USFDA.
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electrical potential (similar to an ISE reading).
Literature searches by Dr. Rubec and Dr.
Frant indicate that no company is presently
marketing a microprobe based on biosensors.
A potentiometric biosensor is reported to be
under development involving the use of an
EIS (Electrode-Insulator-Semiconducter) as
a microprobe (Kuegsen et al. 2004, Turek at
al. 2007).

Research presented by Mak et al. (2005c)
suggests that CN° in solution associated
with blended tissue samples (Figure 2, page
133) declined to zero in about one hour.
This may be because the cyanide, present in
solution was taken up by the tissues in the
homogenate. It should be noted that the
above experiment by Mak et al. (2005¢) does
not represent a depuration rate, since they did
not demonstrate that cyanide was excreted
from the fish in less than one hour.

A study by Bellwood (1981) using radioactive
tracers indicated that the cyanide in solution
was taken up across the gills and the stomach
of the fish. The cyanide in the blood was
rapidly taken up by the fish’s organs; including
the liver, kidney, heart, spleen, and brain.
Hence, the CN" may only be detectable in the
blood of marine fish for a few hours using
any of the biosensor methods described
above. This needs further study. Radioactive
tracers may provide a rapid method for
determining depuration rates of cyanide and
its metabolites in MAF.

Use of ISE Electrode and ISE Meter

Provided that the half life of cyanide ion in
the fish is not too short, it should be possible
to measure cyanide ion extracted from
digested fish tissue samples in a laboratory
using the ASTM ISE method (the method
used by the BFAR/IMA labs) from 5 to 14 or
more days after the fish were captured using
sodium cyanide or potassium cyanide. The
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fact that the International Marinelife Alliance
(IMA) was able to do this, with over 48,000
specimen samples in six BFAR/IMA CDT
laboratories in the Philippines between 1993
and 2001 (Rubec et al. 2003), suggests that
the half-life in marine fish is longer than the
half-life of CN" reported for humans.

First it should be noted that the IMA did not
develop the ISE method for determination
of cyanide ion concentrations in solution.
The IMA adopted the Standard Operating
Procedure (SOP) published in “Standard
Methods For The Examination of Water and
Wastewater”, 18" Edition, published by
the American Public Health Association
(APHA), American Water Works Association
(AWWA), and the Water Pollution Control
Federation (WPCF) (APHA-AWWA-WPCF
1992) and in the “7997Annnal Book Of ASTM
Standards” 17ol. 11.02, (D2036-91) published
by the American Society of Testing and
Materials (ASTM 1997). It is also the method
used by the US-Environmental Protection
Agency (US-EPA 1983). It was developed by
the ASTM in the early 1980s and has been
repeatedly published by these agencies.

The method uses reflux-distillation apparatus
into which chemicals are added to deal with
interfering substances (Figure 2). Sulfamic
acid is added to reduce interference from
nitrates and/or nitrites. Magnesium chloride
is added as a catalyst. Concentrated sulfuric
acid is added and the solution (acid, other
chemicals, and blended tissue sample) heated
(using a heating mantle under the flask)
for about an hour to digest the fish tissue.
Hydrogen cyanide (HCN) gas passes through
the reflux condenser and CN" is captured in
an absorption tube containing concentrated
sodium hydroxide solution (Manipula et
al. 2001b). Lead carbonate added to the
absorption tube is used to eliminate sulfide
interference. The CN" concentration is then



measured using an ISE (Figure 3) linked to a
pH/ISE meter (Manipula et al. 2001c).

The ISE method for determination of CN-
concentrations has been evaluated through
two separate round-robin comparisons by
the ASTM and by the APHA (ASTM 1987,
1997, APHA-AWWA-WPCF 1998). Both the
ASTM round robin and the APHA round
robin evaluations were based on six operators
in five laboratories (ASTM 1987, 1997).
But, the concentrations tested with water
samples and the sample sizes evaluated were
different.

With the ASTM (1987)
evaluation, samples of CN in various water

round-robin

matrices were sent as unknowns to five
laboratories for analyses. The testing done
on samples with a known concentration
of 0.03 mg/L were determined to have an
average concentration of 0.029 ppm (ASTM
1987, 1997). The limit of detection must
be well below this level. In fact, Elsholz
et.al. (1990) found with a five minute time
response that a CN" concentration of 0.003
mg/L (ppm) was detectable for two different

Figure 2. Distillation apparatus used by IMA chemists

to digest tissue samples in order to liberate hydrogen
cyanide gas, that is then captured as cyanide ion in an

absorber tube containing sodium hydroxide.

ISEREANAL |

Figure 3. Ion Selective Electrodes (ISE) linked to a
Thermo-Orion pH/ISE meter used by the IMA to
measure cyanide ion concentrations in sodium hydrox-

ide after reflux distillation.

cyanide ISEs. Hence, CN"is detectable below
0.03 mg/L, but the concentration may be
difficult to determine; since the calibration
on a semi-log plot deviates from a straight-
line relationship, determined between known
CN' concentrations and the electric potential
readings obtained using the ISE apparatus.

There is no doubt by any of the organizations
(APHA, ASTM, US-EPA, USGS) that have
endorsed this method, that the ASTM ISE
method is a reliable method that can be
used to determine CN~ concentrations in
solution (Ghosh et al. 2006). There are some
differences in the methods that have been
separately published by these organizations,
but they are minor.

The methods published by these agencies
involve an acid digestion and distillation of
samples, with addition of chemicals to help
remove interfering substances (Gosh et al.
20006). Cyanide ion can then be measured in
solution using a variety of methods (including
but not limited to colorimetric, ISE, HPLC,
and mass spectrometric methods).

The International Marinelife Alliance (IMA)
conducted cyanide detection testing (CDT)
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in the Philippines under contract with BFAR
from 1993 to 2001. The ISE method, utilized
by the IMA has been criticized by several
groups that attempted to repeat the CDT
procedures used by IMA (Holthus 1999, Mak
2003, Mak et al. 2005b). This led some people
to question whether the ISE method utilized
by IMA and presently by BFAR chemists is
reliable.

In 1999, the Marine Aquarium Council
(MAC) convened a panel of eight scientists to
review the SOP manual utilized by the IMA
(Manipula et al. 1995). The SOP is essentially
the ASTM ISE method discussed above.
The panel members noted that the SOP did
not contain quality assurance-quality control
(QA/QC) procedures (Holthus 1999). The
IMA submitted a formal response to this
report (IMA-Philippines 1999). The IMA
noted that QA/QC procedutres were being
routinely applied by the six BFAR/IMA
laboratories and agreed to incorporate them
into a revised SOP. This was done and four
new SOP manuals were produced (Alban et al.
2001, Manipula et al. 2001a, 2001b, 2001c¢).

The main disagreement by IMA (IMA-
Philippines 1999) with the MAC report
(Holthus 1999) pertains to analyses conducted
by an unspecified chemist contracted by MAC
to repeat the ISE method. The consultant
changed the test apparatus (substituted a 50
ml mini-distillation flask) and made other
changes to the procedure. The main criticism
by IMA was that the consultant overheated
the distillation flask and infused air into the
reflux condenser at too high a rate resulting in
low percent recoveries of cyanide ion in five
experiments involving marine aquarium fish.
Tables 2, 3,4, and 5 indicate percent recoveries
of cyanide ion ranging from 31-77% (Holthus
1999). If the ASTM (1997) procedure was
correctly conducted one should expect

recoveries of CN™ near 100%. The published
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procedure states “Equivalent apparatus is
acceptable provided cyanide recoveries of
100 “ 4% are documented” (ASTM 1997).
Hence, the low percent recoveries of CN-
after the digestion and distillation of cyanide
spiked tissue samples reported (Holthus 1999)
brings into serious question the validity of
the consultant’s experimental results (IMA-
Philippines 1999). The IMA noted that it
routinely had percent recoveries of cyanide
greater than 90%. Hence, the low percent
recoveries experienced by the consultant
were not a problem for IMA chemists who
correctly applied the ISE methods described
in the SOP.

The other main concern (IMA-Philippines
1999) was that the consultant claimed the
levels of cyanide measured with the ISE
were below detectable limits (BDL) (Holthus
1999). In three experiments (Tables 3, 4
and 5) cyanide levels recovered from spiked
samples ranged from 0.0001 to 0.0005 mg/g.
The consultant claimed that the ISE method
was invalid because the test results were BDL.
The IMA pointed out that the consultant was
wrong because the concentrations should have
been reported in parts per million wet weight,
which is expressed as mg/kg. The results
ranged from 0.1 to 0.5 mg/kg (ppm). Hence,
the consultant’s results were well within the
range of detection by the ISE apparatus and
were not below detectable limits.

The MAC also contracted Dr. Reinhard
Renneberg at the Hong Kong University of
Science and Technology to review cyanide
detection methods and develop a new cyanide
detection method. A graduate student in his
laboratory, Karen Mak attempted to repeat
the ISE method previously used by the IMA
(Mak 2003). Unfortunately, the manual she
followed was not the correct SOP manual
utilized by the BFAR/IMA laboratories
(Manipula 1995). She used a handout (IMA-



Philippines 2000) obtained at a Live Food
Fish Trade meeting held in Hong Kong in
2000 that only partially described the actual
SOP used by IMA. No attempt was made by
either Ms. Mak or Dr. Renneberg to contact
IMA to obtain the correct SOP manual.

The assertion by Mak et al (2005b) that
“The reflux distillation method together
with an ISE was not sensitive enough for
the determination of cyanide traces in post-
cyanide exposed fish” is incorrect (Rubec
2007). Since, this was associated with a
discussion of the methods used by the IMA,
the implication was that the IMA could not
reliably measure cyanide concentrations
below 0.26 mg/L. However, Mak (2003) did
not use the same ISE equipment used by the
IMA. She used a Pheonix ISE electrode (Cat
No. CN01503); connected to a Jenway pH/
mV meter (model 3305); which has a range
of detection on a linear semi-log plot of
0.26 to 260 ppm (mg/L). The IMA used a
Thermo-Orion ISE electrode (#9406BN)
that can reliably detect cyanide concentrations
down to 0.03 mg/L on a linear semi-log plot
(ASTM 1997). Likewise, the pH/ISE meter
used by Mak (2003) differs from that used by
the BFAR/IMA laboratories (Thermo-Orion
Model 920A) (Manipula 1995, Manipula et
al.2001c).

The Thermo Orion ISE equipment (ISE
electrodes and meter) is capable of detecting
cyanide ion in solution with a straight-line
calibration on a semi-log plot down to 0.02
mg/L (2 ppb) (Frant et al. 1972; Orion
Research Inc. 1975, 1997; Sekerka and
Lechner 1976). This was routinely done with
daily calibrations conducted by the IMA
laboratories using the Thermo Orion ISE
equipment (Manipula et al. 2001c). This is
similar to round-robin findings by the ASTM
(1987).

Mak et al. (2005b) reported that the lower
range of detection for cyanide ion using a
colorimetric method was 0.026 ppm. Hence,
they claimed that the colorimetric method
had a higher sensitivity than the ISE method
(actually both have about the same lower limit
of detection). They claimed that the cyanide
reflux distillation method togetherwith the ISE
was not sensitive enough for the determination
of traces in post-cyanide exposed fish. A series
of QA/QC experiments were conducted that
are irrelevant considering that the wrong ISE
equipment was utilized (Mak 2003). Mak et al.
(2005b) mistakenly concluded: “The cyanide
distillation method combined with the ISE
described in the SOP manual and employed
by the IMA laboratories requires considerable
modification and elaboration. A reliable and
ultra sensitive system for cyanide detection
in fish is urgently needed.” It should also be
noted that the lower limit of detection for
the biosensor method that Mak et al. (2005c)
developed is 0.0286 ppm (mg/L), which is
about the same as the Thermo Orion ISE
method on a linear calibration (Sekerka and
Lechner 1976). Hence, it is not more sensitive
than the ISE method (ASTM 1997).

The present authors, including Dr. Kobelski
and Dr. Logue, believe that the ISE method
associated with the SOP manual used by the
IMA (Manipula 1995) and by the various
agencies that also use the method (including
APHA, ASTM, US-EPA and BFAR) is
scientificallyreliable, although thishasnotbeen
demonstrated with fish tissue in controlled
experiments. This is also the opinion of Dr.
Ellen Gonter who helped develop the ISE
method for ASTM, Dr. Martin Frant of
Thermo Orion who developed the cyanide
ISE electrode, and Dr. George Dixon, an
expert concerning cyanide physiology in fish
and Vice-Dean of Research at the University
of Waterloo, Canada (all three provided letters
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endorsing the IMA’s use of the ISE method
after the flawed MAC review).

There was no need to develop a new method
(MAC 2004, Mak 2003, Mak et al. 2005b), since
the SOP using ISE presently being applied
by BFAR (Manipula 1995, Manipula et al.
2001b, 2001c¢) is reliable and has international
acceptance. Any new method would need to
go through extensive evaluations and round-
robin comparisons before it could be accepted
by the scientific community and by agencies
regulating the marine aquarium trade.

Dr. Kobelski near the end of the CDT

Workshop  suggested that round-robin
comparisons needed to be conducted
involving the ISE method and that

comparisons needed to be made with an
independent cyanide detection method. He
suggested the use Gas Chromatography
linked to Mass Spectrometric analyses (GC-
MS), since this is the method used by the CDC
(Kage et al.1996, Dumas et al. 2005, Murphy
et al. 20006) and has recently been accepted
by the US-EPA for the analysis of cyanide in
drinking water. A GC-MS apparatus used in
Texas to measure cyanide is depicted (Figure

GC-MS Cyanide

Figure 4. A gas chromatography-mass spectrometry
(GC-MS) apparatus used to determine cyanide con-
centrations. Image provided by Dr. David Klein, Texas
Department of State Health Services.

4). This would require that fish be dosed with
cyanide and frozen samples be sent to two or
three separate laboratories. He suggested that
a statistically significant number of samples
should be analyzed by the ISE method. This
could be time consuming and expensive, if
done by laboratories in the US.A.

According to Dr. Kobeski there are 46
laboratories in the CDC network, which
are qualified for trace analysis of cyanide in
clinical samples. The Michigan Department of
Community Health has been conducting fish
exposure studies to detect cyanide using GC-
MS. Preliminary results from the Michigan
laboratory found a background level of
cyanide in freshwater fish in the 0.01 mg/L
(10 ppb) range. The Michigan laboratory
has cross-validated the headspace GC-MS
method with the distillation ISE method for
the US-EPA using cyanide in solution.

Dr. Logue suggested that there may be
background levels of cyanide in MAFE. It is
possible that the cyanide concentrations
detected in the fish tested by the BFAR/
IMA laboratories were background levels of
cyanide rather than cyanide resulting from
cyanide fishing. Ms. Manipula (Chief Chemist
for the BFAR/IMA laboratories) pointed out
that the IMA had tested MAF caught with
nets and found no detectable level of CN-
(zero) present in the fish. Hence, she believes
that the cyanide being detected resulted from
cyanide fishing, Some testing needs to be done
to verify that MAF do not have background
levels of cyanide, or that the background
concentration is below the detectable limit
(BDL) determined from the linear calibration
for the ISE method.

Dr. Kobelski agreed that the ISE method was
probably reliable (Email: February 21, 2008).
“I have repeatedly said that I believe that the
ISE method is probably valid — my failure to



review all the information is one reason I say
probably — I find no flaws with the analysis
technique. I do have concerns about the use
of sulfuric acid possibly oxidizing thiocyanate
to cyanide based on some work I did 20+
years ago. This is not likely to be an issue with
drinking water but with biological samples, it
1s a concern.”

There is almost nothing in the published
scientific literature concerning the use of
the ISE method for detection of cyanide
associated with the digestion and distillation
of fish tissue samples (Dzombak et al.
20006). Consequently, Dr. Kobelski noted the
following concerns: 1) the possible oxidation
of the cyanide by sulfuric acid in the digestion
flask; 2) the lack of demonstration of
adequate recovery in controlled experiments
using spiked tissue samples; 3) that unexposed
MAF might have background levels; 4) that
the kinetics of cyanide might be too fast for
cyanide to be detectable at points of export
or import. Since there is no published data
available, he proposed that research should be
conducted to evaluate these questions.

Need for a Field Test For Ports of Entry
In USA

The US. Fish and Wildlife Service (USFWS)
agents present at the Cyanide Detection
Workshop expressed the need for a reliable,
rapid, easy to use field test that could be used
to detect cyanide or its byproducts at US ports
of entry such as Los Angeles, San Francisco,
Miami, and New York (where most marine
ornamental fishes are imported). There are a
number of low-cost test kits that can measure
CN- either using colorimetric methods or
using ion selective electrodes (ISE) linked to
portable ISE meters.

The authors believe that because the CN is
metabolized to thiocyanate anion (by the
enzyme rhodanese); it is unlikely that cyanide

ion would be detectable using the ASTM ISE
method in importing countries like the USA,
because of the long time delay before fish
reach US. points of entry (by air). However,
Dr. Kobelski felt that if the kinetics are slow
enough for cyanide to be retained in the fish
until the time of export, that it might also be
possible to detect the presence of cyanide
using the ISE method at points of import to
the U.S.A. Theoretically is should be possible
to measure SCN" in MAF because it would
be retained for a longer time period. The
advantage of measuring thiocyanate is that
appreciable concentrations of SCN™ may
be found following exposure and it has a
longer half-life than CN" (Logue and Hinkens
2008).

Measuring Thiocyanate in Blood

Two research grants were obtained by Dr.
Roman ILanno at Ohio State University
(OSU) to determine the feasibility of
measuring SCN" in the blood of MAF after
they had been imported into the US.A.
(Lanno et al. 2002a, Lanno et al. 2002b). The
objective of the proposed research (Lanno
et al. 2002a, 2002b) was to assess whether
plasma thiocyanate (SCN) could be used as
a biomarker of cyanide exposure in marine
aquarium fishes captured using the cyanide
squirt bottle technique. The objective of
the study was to be met by conducting three
experiments: 1) Validate and refine an existing
high pressure liquid chromatography (HPLC)
technique for the determination of SCN-
in the plasma of marine aquarium fish, ii)
Determine the pharmacokinetics of SCN"in
a marine aquarium fish species exposed to
sublethal levels of waterborne cyanide, and;
iif) Determine the toxicokinetics of SCN' in
the plasma of a marine aquarium fish species
exposed to a pulse dose of cyanide that
simulated exposure during actual collection
on a coral reef.
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The intended products from the research at
OSU were to include: i) a detailed manual
documenting methods for monitoring SCN-
in fish tissues that can be used to enforce
regulations in importing and exporting
countries, if) Scientific publications describing
the pharmaco-kinetics (uptakeand depuration)
of SCN" in MAF, outlining the bounds and
limitations of the technique.

A graduate student (Julie Koontz) commenced
the research in 2003 under the direction of
Dr. Lanno. She was able to measure SCN-
concentrations in the blood of several MAF
species  (Pseudanthias and
Pseudanthias squamipinnis) using an HPLC
method developed by Chen and Yang (1990).
This HPLC method is capable of detecting
thiocyanate in blood plasma at low levels (0.5
— 1 nmol mL-1). It requires derivatization
of thiocyanate anion with 3-bromomethyl-
7-methoxy-1,4-benzoxazin-1-one, then
separation by a reversed-phase C18 column.
Quantification is by HPLC with fluorimetric
detection.

pleurotaenia

Koontz (pers. comm. 2005) experienced
difficulty in obtaining enough blood from
the MAF, because of their small size. The
original method, as described in Chen and
Yang (1996), requires 0.5 mL of blood
plasma. It may be possible to use less plasma
by evaporating the entire 10 mL plasma eluate
(rather than a 1.0 mL aliquot) to increase the
quantity of thiocyanate ion present. The same
change could also increase the sensitivity of
the test for the 0.5 mL plasma volume and
possibly extend the period after exposure that
thiocyanate is detectable.

For personal reasons, Ms. Koontz decided to
drop out of the graduate research program
OSU. Hence, the pharmaco-kinetic
research of SCN" dynamics in MAF was not
completed.

at
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Other Methods for Measuring
Thiocyanate

There are colorimetric tests for cyanide ion
and the thiocyanate anion that could be
applied (APHA-AWWA-WPCF 1992, ASTM
1997). It might be possible to measure the
presence of SCN- in blood samples taken
from fish using colorimetric methods. A spot
test for these ions is published by the APHA-
AWWA-WPCF (1998). Provided there are
no interfering substances in the sample,
the presence of CN can be determined by
colorimetric methods (e.g, chloramine T,
pyridine barbituric acid, phenolphthalein
reagents). The CN° can be masked using
formaldehyde and the sample retested. This
makes the spot test specific for SCN". Whether
this approach would work with blood samples
is unknown. More research is necessary.

It may be possible to measure SCN- levels in
MATF after their tissues are dissolved in nitric
acid and sulfuric acid. More acidic solutions
are required to liberate SCN- from tissues
than are required to liberate CN". There
is an ISE sold by Thermo-Fisher that can
measure thiocyanate anion concentrations,
after the tissues are digested. There are many
colorimetric methods for SCN" and it is likely
that HPLC or ion chromatography could
be used. CDC has a liquid chromatography-
mass spectrometric (LC-MS/MS) method
for the analysis of SCN in both blood and
urine for human clinical samples. It is unlikely
that the thiocyanate ion can be distilled (like
the ASTM ISE method used for detection
of cyanide ion). More research is needed to
determine whether a test for thiocyanate in
MATF is feasible.

Dr. Kobelski suggested that measuring
thiocyanate in the blood of MAF was not
feasible on a routine basis due to the low
volume of blood in small ornamental fish.
Whatever test is applied in the USA will



probably start with fish tissue or tissue
homogenates.

Dr. Logue pointed out, based on mammalian
research, that thiocyanate can be produced
from several metabolic pathways (LLogue and
Hinkens 2008). “However, thiocyanate is
naturally found in biological fluids, and while
this is a condition of all cyanide metabolites,
thiocyanate levels are normally quite high
and can be inconsistent. Large variation in
background thiocyanate concentrations (in
mammals) make it difficult to determine low
level cyanide exposure....Large and variable
concentrations (of thiocyanate) may indicate
that thiocyanate is involved in a number of
biological processes in addition to cyanide
metabolism.” Hence, even if thiocyanate
could be detected in MAF being imported,
it might not be possible to assert in court
that the presence of thiocyanate detected
in the fish was absolute proof that the fish
were caught using cyanide in the country of
origin.

Based on the previous discussion, it is unlikely
that a rapid field test for thiocyanate can be
applied. Analyses of frozen samples sent to a
laboratory (such as the USFWS laboratory in
Oregon) will probably be necessary. From a
cost perspective, measuring thiocyanate may
be much less costly than the ATCA method
(discussed below).

ATCA Test

The committee agreed that from a theoretical
standpoint is may be better to use a biomarker
such as ATCA (Lindquist et al. 2005, Logue et
al. 2005, Logue et al. 2007, Logue and Hinkens
2008), especially if the US-based test results
will be used for prosecution of those in the
aquarium trade. “A minor metabolic pathway
is the conversion of cyanide ion to 2-amino-
2thiazoline-4-carboxylic ~ acid ~ (ATCA).
Another by product (tautameric form) is

2-iminothiazolidine-4-carboxylic acid (ITCA).
The production of ATCA may predominate
when sulfur donors become depleted or in
tissues where rhodanese is sparse. ... ATCA
may be used as an alternative to thiocyanate
for determination of cyanide exposure. An
advantage of using ATCA is that it is stable
in biological samples for months at freezing
and ambient temperatures and therefore, may
be a lasting signature for cyanide exposure.
However, relatively few techniques have been
described to analyze ATCA from biological
matrices and relatively few studies have
been conducted to evaluate the relationship
between ATCA and cyanide exposure” (Logue
and Hinkens 2008). Nothing is known about
the pharmaco-kinetics of ATCA. A lot of
research is needed before it could be applied
to support law enforcement.

Since, Dr. Logue has done research on ATCA
he may have the equipment. If the USFWS
laboratory in Oregon was to adopt this test
method, they would need to purchase the
equipment. Lundquist et al. (1995) measured
ATCA in urine using HPLC. Logue et al.
(2005) measured ATCA in blood and urine
using GC-MS. It is not clear how ATCA
would be liberated from fish tissues prior to
analysis. According to Dr. Logue (pers. comm.
2008) the cost of the GC-MS apparatus to
measure ATCA with peripheral equipment is
about $125,000. The cost of the equipment
and its technical complexity most probably
precludes its use for measuring ATCA in
exporting countries.

Validation Studies

Dr. Rubec questioned the need for additional
studiestoevaluatethe ASTMISE methodology.
There have already been several round-robin
studies by the American Society of Testingand
Materials (ASTM 1987, summarized ASTM
1997) and by the American Public Health
Association  (summarized APHA-AWWA-
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WPCFEF 1992, 1998). Both of these studies
have included at least 5 separate laboratories
and 6 operators but were performed only on
aqueous samples, not masticated fish tissue.
The concerns about QA/QC, precision, and
bias were addressed. The IMA also conducted
round-robin comparisons between the six
laboratories it ran under contract to BFAR
(IMA-Philippines 1999, Rubec et al. 2003). If
round-robin testing needs to be conducted, it
should be done to validate a U.S.-based test
for either thiocyanate or the ATCA method.

It is unlikely that the ASTM ISE method will
be applied in the USA. It looks like it will be
used in both the Philippines and in Indonesia.
An accreditation system tied to CDT analyses
from export facilities may give the US.A. the
means to prove intent. If fish arrive at an
import facility along with an Accreditation
Certificate, the importers would have to admit
that they knew the fish were accredited as
being cyanide-free. If a test such as the ATCA
proves otherwise, there may be grounds
for prosecution of the importer under the
Lacey Act. Congressional legislation similar
to that proposed by Congressman Ed Case
of Hawaii (House Resolution 4928 for 108™
Congress in 2004) may be necessary to allow
law enforcement officials (from USFWS
and/or NOAA) to prosecute importers who
knowingly import fish that are proven to
contain cyanide. The test that would need to
hold up in court would not be the ASTM ISE
method. It would be either the thiocyanate
test or the ATCA test conducted in the US.A.
US. officials need to investigate the legal
ramifications to see whether this is feasible.

Funding

The IMA conducted CDT in six laboratories
in the Philippines under contract to BFAR for
about $100,000 per year. The same testing in
the U.S.A. would be at least five times more
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expensive based on the disparity of salaries
between the two countries.

The Philippines, Indonesia, and Vietnam
need long-term funding to establish and
maintain CDT networks in each country.
Unlike the U.S.A., the CDT laboratories in he
exporting countries should be used primarily
as a deterrent to cyanide fishing Cyanide
testing should be conducted regionally using
the cyanide screening method, so that local
governments or municipalities can better
manage their fisheries. When samples are
found positive using the screening method,
frozen specimens would be shipped to CDT
laboratories established near international
airports. The CDT laboratories using the ISE
method need to be tied to a licensing system
for fishers and MAF collectors, middlemen,
and exporters. If fish coming from collectors
or fishers situated in municipalities, or from
exporters situated near points of export, are
found to have cyanide present more than
3 or 4 times, their licenses can be revoked.
Prosecution, being expensive, should only
be used as a last resort. Prosecutions should
probably only be conducted when either the
fishermen/collectors, the middlemen, or the
exporters are apprehended with cyanide in
their possession and the fish test positive for
the presence of cyanide.

It should be noted that it becomes more
difficult to prove that fishes have been
collected with cyanide by the time the fish
enter the US.A. US. agencies such as the
US. Agency for International Development
(USAID) or other agencies, such as the
World Bank or the Asian Development Bank,
should fund the creation of cyanide detection
networks in countries where cyanide use is
prevalent. It will be cheaper to conduct most
of the CDT in the exporting countries.



The research proposed and