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INTRODUCTION !
}

Mortality in agquaculture can be attributed to many causes,
such as oxygen depletions, toxicants, predation, peoaching, and
nutritional imbalance, !mit losses due to disease and parasitism
are by far the most significant factors. Although disease and
parasite epizootics do not affect every culturist every year,
most culturists do suffer losses to these causes at various
times. The worst case scenario is that an agquaculturist would
be driven to declare bankruptcy due to disease problems, but only
about five percent of commercial fish farmers working in the
United States have severe disease problems in any given year
(Stickney 1979). Even still, each year the aguaculture industry
reports significant losses of fish and money. In the first half
of 1989, 115 million catfish with a value of %11.6 million were
lost to disease (Meyer 1991). In 1988, the catfish industry
reported that 39 million catfish were killed by disease (Meyer
1991). Also in 1988, the trout industry reported losses of fish
due to disease at 10.4 million fish with a value of $2.5 million
(Meyer 1991). These numbers indicate that diseases and parasites
can present devastating problems to fish farmers.

The importance of therapeutants to aguaculture cannot be
overstated. Even under the care of the most meticulous culturist
who employs best management practices, outbreaks of disease are
going to occur. As a result, anesthetics are needed to reduce
stress of fish during handling, disinfectants are called upaon to
remove pathogens frnm.eqhipmant.and facilities, and chemicals are
needed to improve water gquality and to control vegetation. Also,
parasiticides, antibacterials, and fungicides are used to contral
specific organisms. It is inevitable that -diseases and
parasitism will continue to be & limiting factor in the
aguaculture industry. Presently there are only five registered
chemicals approved for therapeutiec use in food fish aquaculture.
If the agquaculture industry is going to progress and reach its
full potential, then chemicals which are safe and effective must
be registered and made available for use by aguaculturists.
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Tlfe current status of the use of animal drugs in aguaculture
1s in a drastic state of change. Tr rain a better understanding;
of whalt is happening new, a review cof thir: ewenhws thal' happened
in this area over the past thirty years is ncocsswary. Dumiimg the
1850’'s and 1960's, workers in fish culture aud fish mamagement
used chemicals which were developed and regisi'eres for completaily
different purposes (Lennon 1967). Those in tha Ffiwld of
fisheries were scavengers, borrowing chemicals Ffrom other
disciplines and using them in a careless manner, nokt knowing whak
possible effects a drug might have (Lennon 1967). At this time,
only eight chemicals were registered and approved for aguatic use
(Lennon 1967).

Congress charged the U.S. Environmental Protection Aggncy
(EPA) with the control of the use of pesticides and the U.S. Food
and Drug Administration (FDA) with the control of. the use of
drugs (Meyer 1976). In 19272, the Federal Envirenmental Pesticide
Covkrel Act (FEPCA) was enacted, which recuired that all. chemical
uses be covered by approved registrations granted by the FPA or:
FDA (Meyer 1976). Most chemicals used in fislreries lacked proper-
registrations and were being used in viecla:zion of this act (Meyern
et al. 1976). FEPCA also required that existing registrations
nf pesticides be reviewed by th2 A (Meyer ekt al. 1976).
Tnvestigation of existing registraktions shlowed’' thals many:
registrations were too limited or inadeyuakte to cowex the meny
uses employed in agquaculture and fishiories management (Meyer et:
al. 1976). So, in order to sugpert claims of howan and
environmental safety, most registraticrs mseded additicmal data
(Meyer et al. 1976). Only twe chamicals ware exempt from re-
tegistration: Terramycin and sulfamerazine (Meyexr eh ai. 19786} .
All other chemicals needed additional rssearch; even sucirancient
remedies of =salt and formalin, which had bsen us=d for over 100
years wore not exempt from these reguicemeris. (Meyer et al.
1976) . Ton spearhead this registration process, the-U.5:. Fish and
Wildlife Serviece (USFWS) formulated a list, from soxveys of
fishery professionals, of the most needed chemicals for use in
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There is a recognizable separation which exists in the
available literature and enforcement of regqulations for
therapauéic drugs which are used in aquaculture. This division
oceurs among those npecies whi-h are reonsidered as "food! or
"non-food" species. "A species or population will be cunsidersi
'food’ if it is reasonably likely to be consumed for rfood either
hy humans or food pr~ducing animals" (Stefan 1992). The FDA, as
established in its mission, 1is concerned with the use of
therapevtants with food fish species. The FDA recognizes three
categories of commanly cultured fish: baitfish and
ornamental /fagquaria fish, both of which are wviewed as non-food
species, and broodfish, which are all regarded as food species.
The use of drugs during the different 1life stages of broodfish
has become a highly controversial issue. The FDA's current stand
on food fish is that they will be '"considered food at all life
stages" (Stefan 1992).

"Enforcement policies for food and non-food species and
populations are likely to differ in important ways because the
public health considerations for the two groups are differanc."
(Stefan 1992). Those drugs which are approved for use with food
species have changed frequently d' ing the past several years,
and are found often throughout the llterature. There: aapears,
however, to be a lack of current information available for thos=
species which are non-food. The FDA is considerably less
concerned with drugs used for non-food species du= to the
elimination of the threat to human food safety. Certain drogs.
are approved for use with food species, while numeroas others,
which by their historical uses have proven innocucus to the
target fish, the environment, and the applicator, are allawed for
use with non-food species.

_The FFDCA provides three metheds by which a drug nay legally
ba used to treat agquaculture species. A drug may legally bm used
if it meeks any one uf the following criteria: 1) if it is GRAS
and GRAE; 2) if it is an approved new animal drug application
(NADA); or 3) if it has been granted an INAD exewpticwm.. A drug
which is GRAS and GRAE or that possesses an HNADA, 1s coagidzred
an approved drug. An INAD exemption is the legal met''nd for use



fisheries and designated the Fish Control Laboratory at LaCrosse,
Wisconsin as the lmad facility to coordinate the registration
effort (Meyer et al. 1976). A's», beranse of the overwhelming
needs for research, industry was called upon to assist in the
process (Meyer et al. 1976).

By 1976, eighteen chemicals weore registered for cpecified

uses in fisheries, and ten of these were for use on fish used as

human food (Meyer et al. 1976). Some new chemicals had been
registered by 1985 which brought the tetal up to over thirty
(Schnick et al. 1985). By 1289, the number of drugs and

chemicals approved for treating diseases of fish and shellfish
was thirty-nine (Schnick et al. 1989). But even though new
chemicals were being registered, some chemicals were being lest.
One way that this happened was that in order to save money,
sometimes fish culturists purchased generic products rather than
registered chemicals (Schnick et al. 1985). This prevented
sponsors from recovering the cost of registering their product
and the manufacturer suspended or canceled production and sale
of the product (Schnick et al. 1985). Two examples of loss of
a fishery chemical are Masoten and sulfamerrzine (Meyer 1389).
Another way therapeutic chemicals con be lost is if they are used
so mw<h that fish pathogens develop resistant strains (Meyer
1989). Some strains of Aeromonas and Pseudomonas have become
increasingly resistant of Terramycin (Meyer 1989).

To help register or approve drugs for use in fisheries, the
FDA can issue an investigational new animal drug (INAD) exemption
(Stefan 1992). With this INAD exemption a culturist has the
right to use an unapproved compound, but would have to submit
data back to the FDA to support the drugs formal approval (Stefan
1992). In the past, the FDA was very lenient in granting INAD’s
for aquaculture, and in return very 1little data was being
developed to support the formal approval of the drug (Stefan
1992). This process was nobt effective; the subsequent failure
to develop data was not putting the aguaculture industry in a
position to use various compounds legally (Stefan 1992).
Therefore, many of the registrations of drugs were ravoked,
léavinq only five drugs approved for use with aquaculture spe.ies
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(Stafan 1992). The INAD process still exists tﬁday, but the
integrity of this process was f?ﬂtnred by making it difficult to
get INAD’s and the FDA‘s demarding the development of daka on
unapproved drugs (Stefan 19232).

CURRENT STATUS
The FDA's bagic mission is Lo:

assure that foods are pure and wholesome, safie to eat and
produced under sanitary conditions; ‘'that drags and
medical devices are safe and made effective fdxr theit
intended uses; that cosmetics are safe and made f#om
appropriate ingredients; and that labeling and packaging:
for all these produckts is truthful, informative, and nols
deceptive (Beaulieu 1992; CVM, USFDA 1992; Stefan 1392),-

The Fedéral Famd}fbruq and Cosmetic Act. (FFDCA) and iis
accompanying regulations provide guidance forr the FDOA-by clearly
defining what is r;zquired and/or permitted regarding, products
that fall under the FDA's jurisdiction. Among the products sehick
are under the FDA's jurisdiction are animal feeds, animal feed

additives, and animal drugs.

The claims made for a product
(oxr the way in which it s actually unsed) determine-
whether it is a drug. By definition, a dtug.is an
article intended for use in ‘*he diagnasis, cure,
mitigation, treatment, or prerantion of disease in man
or other animals; and articles (otlser: than food) intended
to affect the structure or amy function of tha. body' of
man or other animals. A druny intended fbr use in animals
that is not generally recoguniized by erparts qualified by
scientific training and experience to aualuate the safety
and effectiveness of newv eanimali dugy: as safé- and
effective is. a "new animal drug" (Sesaiiea 1992; CUM;
USFDA 1892; Stefan 1992).

A drug that is generally recogmized as safe (GRAS), is a drug
that is safe for the animal, the percon adnivistaring the-droug,
persons eating food- products dexived fram €he aniral, and the:
environment. A drug that is gemeraliy recrsmized. us-effective:
(GRAE), is a product that will do what it is claimed to do,
consistently and unifeormly. Recognitlion of a drug as safe o
effective is determined from data ob/adnad from: contxolled.
studies, which have published results in professional scienktific

literature.



There is a recognizabla separation which exists in the
available literature and enforcement of regulationz for
tharapeuéjc drugs which are used in aguaculture. This division
occurs among -those species which aze considered as "“"food™ ar
"non-food" species. YA species or population will re cunsiderard
ffood’ if it is reascnably likely to be consumed for food either
by humans or food producing animals" (Stefan 1992). The FDA, as
established in its mission, is concerned with the use of
therapeutants with food fish species. The FDA recognizes three
categories oaf commonl y cultured fish: baitfish and
ornamental/agquaria fish, both of which are viewed as non-food
species, and brondfish, which are all regarded as food species.
The use of drugs during the different life stages of broodfish
has becoma a highly controversial issue. The FDA's current stand
on food fish is that they will be "considered food at all life
stages" (Stefan 1992). -

"Enforcement policies for food and non-feood species and
populations are likely to differ in important ways because the
public health considerations for the two groups are different.”
(Stefan 1992). Those drngs which are approved for use with feed
species have changed fir gquently during the past several years,
and are fﬂuﬁd often throughout the literature. There: anpears,
however, to be a lack of current information available for thosas
species which are nun:fnod. The FDA is considerably 1ess
concerned with drugs used for non-food species dua to the
glimination of the threat to human food safety. Certain droga.
are approved for use with food species, while numereas others,
which bf their historical uses have proven innocuous to the
target fish, the environment, and the applicator, are alllawed for
use with non-food species.

The FFDCA provides three metheds by which a drug may legally
be used to treat aguaculture spevies. A drug may leqgall, bm ugsed
if it meets any one of the following criteria: 1) if it is GRAS
and GRAE; 2) if it is an approved nrew animal drug application
(MADA) ; or 3) if it has be=n granted an INAD exewptiom. A drug
which is ©RAS ﬁnﬂ GPAE or thak por-sesses an Hnﬁh, is congidered
an approved drug. An INAD exemption is th legal method for uwse
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of a newv animal drug or for an unapproved use of an approved

drug. 5.
Tha estimated expense of meeting tha necessary dataj

reguirements - for the approval of a drug is estimated: atb $5.2

million (Schnick (undated)). Clenicz]l manufacturing cumpanies

generally provide funding for the necessary research for
approval, or énly those drugs which the company is assured will
be able to recover the research and development costs, and
additionally, will provide a profit for their company. For this
reason, very few drugs receive funding for research towards their
approval from actual drug manufacturing companies. 1In addition
to the expense invelved, all of the data is required to be
publ ished in thelvscientific literature for a drug to be
recognized as GRAS and GRAE. To be approved as a NADA the data
regquirements are egsentially the same as those to be GRAS and
GRAE, however, thqre is no obligation for the data to be
published in professional literature. Because of this obligation
of data to be published in professional literature, drugs can
actually be more likely to be approved under the NADA process.
There are no drugs being used in aguaculture that have met the
requirements:tn be GPAS and GRAE, consequently, all appruveﬁ
drugs currently being used in aquaculture are NADA’'s

A drug granted a NADA is limited to a drug manufactured by
a specific sponsor, for use with a specific species, for
specified indicstions, at specific doses, and with specified®
limitations, includihg any withdrawel time between treatme' % of
tha product and the availability of the treated product to the
public. To date, five drugs have been approved for (Limiteid) use
as therapeutants with food species im aguaculture (inble 1),
however, only four of these drugs are commercially avedlable
1t is important to understand that these are limited approvals
of thé drugs, amd thar these Jirugs may not |} — used for al?
purposes, nor with all species.

An INAD exemption is legaily required for the usa of any
unapproved drug, and therefore, is the first step im obtaining
a NADA for any new animal drug. An INAD exempti-n allows fow
legal interstate shipment of unapproved drugs, as wall as, the



anthorization for treated ianimals intended to be released for
human consumption or slaugh'ered. Host J'.ﬁgpnrtantl}', the INAD
exemption allows' (and ls necessary) for the unapproved use of a
new animal drug for the purpose of confycking research.for its
future approval a= a NADA.

INAD's are granted by the Center for Veterimary Medicina
{CVM) . Approval or rejection of a reguested IMNAD exompbion:
generally takes approximately 180 days. An INAD is valid foxrae
onz2 year period, therefore, it must be renewed mirnuadlly. A
reguest for an INAD exemption must include: the name of tHa.
specific drug of interest (from the specific manufacturer),
available data on human foord safety, environmental safety, target
animal safet'y, efficacy information (especially dose), design of
study proteocols, and a sponsor, a monitor, and an investigator
must be identified (CVM, USFDA 1992). an

The sponsor is the actual holder of the INAD exemptcion and
is ultimaltely responsible for the use of the drug as.amthorized
by the exemption. A sponsor is responsible for establisWing
protocols, appointing a monitor, and keeping all necessary
contacts with the CVM. The CVM also holds the sponscr liable for
ensuring that the studies and distribution of the drug are not
'nduly prolonged (Beaulieu 192922; CVM, USFDA 1992). Sponsors
gather all of the various data generated under the INAD and
submit them to the ¢VM, who then places the data in a Public
lMaster File (PMF), which can then be acressed, referenced, and
used as support by the' mamufacturing oommpany seeking the HEDA..

The monitor, who is’established by and works: for the sponser;
js to ensure that the "investigator understands and: accepts: his
responsibilities as an investigator and has adeguate facilities,
res 'lrces, animals, and time to conduct “he pmeoposed E'tud]"'*
{Eeém_lieu 1992; CﬁH, USFDA 1992). b-'I-“!litmrs are expected to ke~
personal contacts with and vl!sit the facilitfes of° each
in‘vestlgatur over the course of the entire studw, and wi*"hgut
directly participating in the collection of data, ensure th &
data ar= being genera'ed and properly recordzd. "T"hey should
enp a complete record of all contacts with inves' jators amd.
finally ecertify that the results reported by the imvestigator
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completely and accurately reflect the results of the study™
[Pgaulieu 1992: CVM, USFDA 18392).

# The investlgator keeps a copy of the protocols, signed by
both thesspemsor and~the monitor, - and is responsible for carrying
out researcl as esltablirdied by these. protocols. It.is important.
that the investigator mainhain tingough and accuratbkn: records.
throughout the study, as well as, collect and. sabmit .all data
that is genelralted. The investigator is naspons®ble fdor the
implementation of the drug study, control ¢f the dpung, the test
animals, and of their proper disposal. Upon complétion ofi the
study, the investigator must submit all data and recurds to.the-
sponsor, along with a certification as to the completenn=s and

accuracy .0f these paterials.

The amount of werk and time which are required to gather all
the data necessary '_.fnr a drug’'s approval sre em!:ensive._' This,
coupled with the high costs associated with te:rsiing, lr.eéps many
chemical manufacturlers from seeking INAD spansorship. This can
be a majer problem forr the producer becausa he/she generally does
not have the experience, facilities;, or the capital, necessary
for receiving an INAD sponsorship. 1he FNA has .provided an
intentional loup-hole by which producers may obtain short-term-
INAD exemptions if they are abile to weet. specific conditions and
reguirements,

The "Comrpassionate INAD Pelicy'™ allows. for a compassionate
INAD to he granted! ifs 1) snimals’ lives- sre: threatened and
subject to suffewipg: or desth if nel® treated; 2) there is
sufficient scientifie-evidercis sooponting the use of the drug for
the condition to be treated; and 3) there:is no existing approved
drug or treatment for #the cenditiony,, or, if the proposed
treatment offers some sigmificuent @o@Fmtage over exikting
approved treatmrntis:(Stefian. LUL) . A emergency INAD: ewempiioo.
may be granted Far & one-timse emergawey; situation in which: the
afoxrementioned conditians @nd regquirements have been-met. The
agency will noft tolerate ther usm ef an emergency INAD in cases
where producgrﬁ simply have not planned for recwrring or Eaaa_nnai

.prcbléms. These INAD exemptions do not exempt the holder from

the responsibility of collecting data, they are simply adad tionak

a



methods by which-an INAD exemption may be obtained.

Producers can provide a major part of the data which will be

'necessary for a new animal drug’s future approval by obtaining
INAD exemptions as allowed under the compassionate INAD procass.
Py initiating the data collection for new animal drugan, profdliicars

| lessan the time and costs involved for manufactigers whu can gat
the drugs produced, labeled, and marketed, to obtaim m:MADA. The

» producers’ initial efforts towards a particular drug/ =. approval
:may encourage a university, a Federal or stater group, an
ggquaculture producer group, or the CVM’s IR-4 program, to acquire
sponsorship of the drug. Through the use of the compassionate
. INAD pnlicy, producers can benefit themselves by k=coming:
t";i.rl‘i.w.'.'t.‘r.'.ne:rd in, and actually becoming apart of, the NADA procees for
‘i new animalldrug.

The agency allows the use of certain new animal dkogs undexr
‘speclfic conditions by two methods in addition to an INAD
Iﬁaxemptlun. Low enforcement priority is a decision by the agency
ﬁFu use "requlatory discretion" in the enforcement af. the use af
_.éﬁume drugs which have been historically used in aquacunlture:

Seven drugs (Table 2) are recognized as having low' regulatory
pr;nrity These drugs and their accepted uses, from their
h:r.st:lrlr:al use in agquaculture, have been sufficiently documented
ﬁn scientific llterature for the agency to malke its. decision
"based on the nature of the druq, information regarding its

?hetabclism “and residues in the treated animal, the toxicity of

‘the drug residues to man, and other factors ineluding the manner
‘in which it is generally used in practice" (USFDA 1992).

k" Extra-label use i's an exemption available only ¢to
'@Eterinarians. It allows veterinarians to use am unapproved drug
-br an appruved drug for uses other than its specified use in the

'“ eatment of a disease; this does not alleow umeppreved use for
ﬁha prevention of disease. The agency does nok allow ewtra-laked

-\-r""

= “hsa of chloramph&nicol” nor nitrofurans. When a vEtEanuIian

i

ﬁexercisas extra-label use., he/she is accepting responsibility for
pafety and aff;cacy of treatment as well as, the almence of

'; armful residues if used in food gpecies.

“F Data needed for the approval of a drug include: efficacy,

J
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*fh;.:'safety of target species, human food safety, environmental safety
it and affects, and manufacturing and cnn’irnl information. IRAD's
"""‘-'. generally.only provide data which can’be obtained from field
g’lg studies .~ Mahyr data st be obtaimed from well controlled studies
“'ftwhir;:hr canno¥ be paribhrmed in the field. These data ara.usnally
iy ~ generated by the sapportiing ranviastiering coaparies,.zdditional
testing companiesy and by ChieCcVi/s IK?4 I%Toldwii cbudiess The
use of INAD’s,to generate as much data as possiblé - lbenefits the
.chances of new animal drugs being approved and: gumanteduan NADA’S .

-#
R
ii
+
'.I‘. Hl'-.D'A TESTING REQUIREMENTS

_.1; ' Safety and effectiveness data are required to be submitted-
-e"~ 't the FDA as part 'of the NADA. Safety studies are designed to
_L_ show that the drugf or test article,. is safe for ‘the target
' -'-:1::, ‘animal, or the animal being treated, safe for humars, and safe:
" 4. for the anvlrnnmant Ef fectivena:s studies must show that the-
‘:. drug is effective fcr its label.claim, or intended use. The FDA
..g"_ defines safety and effealriveness data as "all studies and tests

'I. of an animal drug on animals amd all studies and tests on the
j',-%-?'_-ﬁﬂimal drug for identity, stability, purity, potenoy, and
i) biocavailability" (21 CFR 514.11.h). Studies ard tests on the new
. animal drug may include testing the active ingiredient of the dxug
p "'- formulation,-the inert ingrediemts, impurities, metaholites, or
w). degradation progducts of the drug: For simplification, an FDA
‘t ﬁ!t:arm, "test article"”, is used ip:deserihe the chemical or mixture
: .'a.:m;l_dai:..ﬁtudy... The parpese 'eof this:seotior is to highlight: the
hﬁmerws studies which may I vequired: for registratiom of amr
: wuaﬂulture therapeutant and. to. bniefly describe the nature of
; _I‘l ﬂ?llst:t:ed stmdies.

_{!- ;Q%l- qubrmatinm on .the product. idd&nt".it{ and: ccmpnsitim

anﬂ affacti*mess afr alil cmq'wmt-nts nf the product (21'CFR.514
40 CFR l‘ﬂlr} Product identity and composition data must



weight percent must be identified and quantified. An applicant'’s
product identity and composition will be compared by the agency
with currently &egistered products to determine if the
compositions are identical or substantially different. Also,
knowing the product’s composition will lead to proper labeling,
packaging and possible use restriction regquirements.

Certified limits, or the outer range of concentration of all
the product’s ingredients, as well as the nominal concentration,
or the normally expected concentration, of the active ingredient
must be supplied to the agency. The certified limits and nominal
concentration are enforceable and legally binding for registered
products from the date of production to the date of use, unless
the stability of the product requires the assignment of an
expiration date. ' The applicant must supply the agency with
samples of the product, samples of analytical -reference
standards, and the analytical methods used to determineﬂtha
product’s active ingredients, inert ingredienﬁs, and impurities
of toxicological significance. If samples of commercial product
are tested by the agency and the certified limits are found
outside the claimed valuéS, regulatory action may result, which
may invalve product recall.

Physical and: chemical characteristics listed in Table 3 are
required data for the act%ve ingredient and any inert ingredients
or impurities of toxicoleogical significance. The requirement of
certain data may be waived depending on the physical state or
chemical class of the test article. For example, the melting
point study is reguired for those test articles that are solids
at room temperature and ﬁherefnre, the boiling point study would
not be reguired. Likewise, the octanol/water partition
coefficient stud} is required only if the test article is organice
and non-polar.

Physical and chemical characteristics are used in
confirmation or support of identification of the product, its
active and inert ingredients, and impurities. Color, physical
state, and odor are used in emergency situations for response to
spills and accidents or in poisoning cases where minimal
information is known about the test article. Melting or boiling

11
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points, vapor pressure, ahd pH are important for worker safety.
Octanol/water partition coefficient is necessary to determine
need for further fish and wildlife accumulation studies. Stnragé_
stability studies . determine the need for toxicity studies of the.
degradation products if the test articlie composition clifanges due
to the storage conditlons. Corrosion characierisitins studiex are
designed to determine the chemical compat:iibility with its
container, 1lid, liners, and seams of the container: Stability,
oxidizing or reducing action, flammability, explodability,
storage stability, corrosion characteristics, and dielretric
breakdown voltage are used dirﬁctly in hazards assessment.
Further data requirements may be placed in the catogories of
residue  chemistryi environmental fate, toxicology, reentry-
protection, spray ’drift, wildlife and aguatic organisms,
nontarget insect, and efficacy studies. tach category has
required and conditionally reguired data whicly reflects the
general use patternruf the drug to be regiskered; in this case
the general use pattern of the new animal drug is use om' an

agquatic food crop.

Residue chemistry data requirements listed in Tahle 4 are.
used by the agency to estimate the exposure to residues im-food:
or water consumed by humans or animals. This data is used’ inm
setting tolerances in or on food or feed. HNature of the residue
studies +typically use: radiolabelled tesk articles and. are
designed to determine the:degree of uptake of the test article:
by the treated animal, the most potemtially affected organs
(target organs); and identification of the metabolites of the
test article. Magnitude of the residue studies are required to:
show the concentration-of the residwes in a disappearance curve
for assignment of a withdrawal time. Withdrawal time- is the
amount of time that must lapse after the last application of the
new animal drug to achieve the legally assigmed tolerance level
of residues allowed in the edible products mf the treated animal.
The best drug candidates for new animal drugs would be those com—
pounds with short withdrawal times and very negligible residues.

3



Environmental fate data requirements listed in Table 5 aid

im establishing label restrictions in protection of
, threatened or endangered species or wildl i.f% populations at risk.
‘Degradation studies determine the rate of degradation of thetest
article when exposed to the environment. If the test. article

- persists in the environment, e need’ Qor nonidarget. organism.
‘testing is identified and adverse e#flectis must: ke determired.
'I-Ietabﬂlism studies are designed to dettermine tle wsailability of
 the test article to rotational crops as well ass its pprsistence
Mobility studies dotermine the
article
Potential environmental hazards are assessed
. for contamination of human and animal foecd, loss of usable land
and water resources due to contamination, and habitat loss .due

i Dissipatdon sttdies are

::”_'It:‘:r.-'f.signed to determine the hazards of reentry in treated-areas,
“.residues in rotational crops and other food saurces, loss af
‘“1and, surface, Accumuldtion
111*-:4.t:-.1|[ilies determine residue levels in fbod supplies from wild

EL'ILIJI'C-ES or rotational crops and the residues in aguatic animals

and

Sin seil and agquatic environments.
mode of transport and eventual destination of the test

in the environment.

transport in the environment.

and ground water to covtaminatiorr.

eaten by humans

Z'?~
3
|

'ri‘:t‘.‘:-' Toxicology data requlremnts listed in Table 6 are necessarcy
‘Lc determine i:he shart*term and long-term risks of exposure to-
{tﬁa test article. Acute toxilcity testing evaluates the toxic
tcharacteristics and health hazardis dae tw shork-term exposure to
Ethe. test article. ' Initial infarmation is determined for; ditug:
cautionary . labeling, amnd the need for child
Tr&slstant packaging. Acute studies assass the initial mode of.
c‘.tdxic action of the test article and also pravide dose levels for
: l:bchron;l.c testing.:-Subchronic tesfhiing dehicrmines health hazamds
; re.sulting from repeated exposuum cwsr Limited time perisds.
T&:ﬂget organs, the .accumulation: potential of the test article,
\nd dose levels for chronic stwdies ane also determined in
:j‘%thhrunic—-*s tudies.

f‘f Chronic toxicology -studies are designed to determina the

classificatlan

¥ i -II.. - 1 3



test article. In oncogenicity studies, animals are observed cver
most of their life span for development of necoplastic lesions.
Teratugenici;y studies determine if structural or other
abnormalities- are induced te the fetus after the mother is’
exposed to the test artiele during pregnancy. Reprodiaction,
studies determine the effects on gmadal. funutiosm, estrus
cycles, matinf;f behavior, conception, partuwition,, lagtation,
weaning, growth and development of offspring, as welllas neoat=ml
morbidity and mortality. Mutageniecity testing evaluates: thestest
article’s potential affects on mammalian cellulxr gsmatic
components.

Reentry protection and spray drift studies listed in Table
7 determine the need for precautionary labeling to:mihimnize the
effect to nontarget organisms, especially humans. Wildlife and
aquatic organism studies listed in Table 8 and nontarget organism
studies listed in Table 9 determine the need for precavtionary
labeling to minimize the effect to nontarget crganisms. Efficacy

studies listed in Table 10 (Schnick 1982) are reguired-by the FDA

regardless of the method of administration of the mew animal

drug.

Many studies are conditionally reguired depending om the
nature of the test article. For instancs, registration of a test
article would not require the full battexy of chronic toxieikty,
studies if the acute and subchronic toxicity studies showed it
to be relatively non-toxic. The dstia reguirewments- for a

particular test article ate determimed hy the FDA on a case-by-

case- basis.. The study design and pretocol for the study sHould

be reviewed with the TDA prior to scheduling the! study..
According to Beleau (1991) there are nime steps ihvolved' in-
successfully completing a study. Each of the following steps may

14



involve the sponsor, testing laboratory personnel,. and

representatives of the FDA: identify laboratory, develop

- protiocol, method development, method validation, Good Labaoratory

Prackices, approve protocol, conduct study, monitor study: and -
final report.

Identifying the labknralm:iy tcscondust tte stidy weuld include
considerations e¢f the scientifiic and manacgprial: expertise
available, and the species and facilities reguired. A protncol
which details the objectives and-all methods forr the cosduct of
. the study is developed usually by the sponsor and’ testing
facility personnel. All techniques and analytical methods are
developed and further validated prior to use in the study.

e

Good Laboratory Practice (GLP) reymlations (21 CFR 58) are

 the minimum requirements. for covnducting a- study to assure the

rquality and integrity of the data: Briefly, the GLP regulations

."r:"equira that each and every procedure is fully documented, the

-use and distributiion of the test article is controlled and

_'._dccumented, all facilities and eguipmeut have writtewr procedures
; [

Jand maintenance documented, thae procedures are monitored by

z.;,_.

-ffgq_'uality assurance perscnnpel, and that personnel. are. properly

W

"'f't‘ra:i.ned for their ' assigned dutiies and' responsibilitfes.

=rﬂucument.atinn of all prncadures follawed, tHe protocol, all
l .'|'|

rmrrespnndenc:e pertaining tm. a study, guality assurance audit

'hepnrts and findings, and tihe £ihal report off a study, as wall

Al

'*im’ samples of e test article and! treated animals, mpst be kept

|"||l- f'

'Fn a designated, s=parate arcliive avea for a minimum of two years

'h' it L K]

and usually . for the duration of the new animal drug registration.’




< perform the study in compliance with the GLP regu:lat.ir_-ns, the

' protoecol is reviewed by the FDA. The sponsor has a great dealf;

"y - *
- ¢ of work invested.in sthe::study even before the testing actmally

hegins. The study is conducied by aquacultural scientists amd

. wonitored by the testing factlitw gnielity, assurance -earsonnel.

- The sponsor also monitors the study for: compliancoowith:ths. GLP

. regulations and adherence to the written, approved protocal.

- Finally, a final report is written by the testing facility

personnel, reviewed by the sponsor, and submitted to the--FDA as
. a part of the registration package.

Discussions Fitl; the FDA throughout tlie nine skep process is

i’ highly desirable for the maximum excHange of! information and
Ju

i -

i ' coordination of efforts to breaden tle scope of the. studies

% whenever possible (Beleau 1991). In order to achieve a worldwide
& 1

i rarket for the new animal druyg, the sponsor must provide data for
A .

./ registration of the drug to each country’s governing agency. For
AR ‘

b 4; axample, if it was desirable ta market the new animal drug in the

" I‘r tnited Kingdom, much of the reguired data for registraticon of the

iy 5

drug by the United States FDA wculd. alsu be required by the

ST

'E;Lu_r-tinistry of Agriculture; Fisheries, and Food (MAFF); therefore,

i
i officials of MAFF<should be fncluded in initial disecussions of
i :'.'tha smtudies ' required- -to -be performed amd the:' protocol
.":r' 'J o

”jir'-”; requirements.

-;F:é.j-{ i W} .

i§  COMMON FISH DISEASES AND PRRASITES

When fish and other aguatiic amimals are cultured !intensively

" the chance . for -diseases - to occur increases appreciably.

o L
Wl PR 1=

::,' ,'lf.""i?.arasites, fungi, and bacteria are the main groups of pathogenic

16
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arganisms that can be treated with the use of specific

:'therapeutants. Viruses may also affect Eiﬁh; however, as there

y L
are no effective therapeutants for these viruses, they will mot

e discussed. Since it is beyond the scope of thiiks paper to
'detail the multitudes of parasitic, fungal, =nd ' Hacterial
;ihfections that affect fish, only a brief summary <¢f-the common
pathogens, the associated clinical signs, and therepeutic
‘*reatments for representative diseases will be notiud.
.E-mmsxwﬂa

Parasite infection is second only to bacterial infection as

the major cause of disease among cultured fish. Young fish are

méapacially vulnerable to parasite infection because their

frrutective layers of skin and mucus are muchk #linmer in
‘“vmparison to adult fish. There are several major classes of

-ﬁarasites which infect fish, each of which are represented by
..l: +
fitmerous species. Clinical signs of parasitic infection which

ﬁre gimilar to other fish diseasss are sluggishness; lethargy,

Yexcessive mucus,“iack of appetite, fin erosion, and.emaciatiomn.

b
i?lashinq is a sign which tends to be more unigue {0 parasite

dinfestation.

Protozoans are classified into four major groups: the

i el

lagellates, which move by one or more whiplike structures, the

?ﬁiliates, which move by many short hairlike projections, the

o
Widis

“,ﬁcroznans, a parasitic group with sporelike infectiwme stages,

dnd the Sarcodina, which move by pseudopods. These protozoa are

§ .'...l_.l-'. .
17



_f':;n::re easily distinguished when divided into two groups, the
i externaliand the internal. Although it is recognized that some
we- Species of protnzoans will Ainfest fish both externally and
. FL Internally alikes.
)

I External parasites attacvhu tllemssfw¢z» tb the. - skin, gill

'.'

T

y Lissue, or fins where they may cause phvsicaul d3uage.as wallias
&
B

depletion of the vital components of the lflood aad other tissues:

0 L'
I Some parasites, such as Trichophrva, which do not f=aed directly

1; his symbiotic relgtionship while causing irritation and harm to
o | T
# iha host. Other exfernal protozoans feed directly upon the fish

|

upon the fish, are parasitie in nature in that they benefit from

:du.alng irrltaticn and weakening of. the fish, which could lead :

s"

tao Eecnndary infection and possible death. Most of the external

f Er‘rotﬂzoa cannot be seen witd,the nazked eye wittr the exception of
i .
ﬁ' thh organism Ichthvophthirius, commonly referred to as "Ich™.

|41 B
5‘ Téh are fuund undﬂr: the epithelium of the skin, fins, and gills.:
1 ;; ]tL is one of the more serious parasites with which aguaculturists

v musk be concerned since it can decimate an infected fish

g:'épulation (Warren 1981).

4 ,:; Protozoans, such. aew soTirichophrya or Ambiphrva, may e
3 .'.’-.&eath; indirectly by building wp te.soch. a degree omn the gills
i fi'hht %ﬁtgca’cicn_ folliows. r"Ichtyobodo, commenly referred to as

*i'.-.-‘._iﬁ;m.,_-!.,;ﬁ:ausem izvitatiam. .which results- in respiratory

R iy
jg;;diﬁﬁﬁnﬂlties as well as lose~of salts and fluids througly small”

il Formalin is effectively used for treatment of most external

varasites. It is used at a concentration of 167-250 ppm for one:

i L.

'.‘.r. ; ‘-}. : 18



hour in tanks, troughs, and concrete ponds, and 15-25 ppm in
ponds, repeating 3-5 days later, if necessary (Moore 1984).
Other treatments include potassium permanganate, copper sulfate,
and malachite green oxalate. Some of these treatments may be
combined to obtain better results. For example, in the treatment
of Costia, copper =sulfate is used followed by potassium

permanganate 24 hours later (Untergasser 1989). An acetic acid

dip at a ratio of 1:500 may help in the case of Ichtyobodo (Moore
1284). Sometime=s a 3% salt sulutiﬂﬁ dip, or 0.5-1.0% indefinite
period treatment, éan help the fish rid themselves of some
extarnallparasites; if the infestation is relatively light this
may be all that is needed (Warren 1981). e
Internal parasitic protozoa infect the intestine, the kidney,
or any other organ with a good blood supply. Some infect the
ovaries rendering the eggs or offspring unviable. For many of
these there is no known effective therapeutant. One organism for
which there is knuﬂn to be an effective therapeutant is Hexamita.
Hexamita may become abundant in fish fed meat diets E:ausj.ng
irritation to the lining of the gut (Warren 1981). Problems
caused by Hexamita have been reduced by the use of processed
diets. It is treatable with magnesium sulfate at a rate of 3%
of the ration for two to three days, repeating as nessary. Other
internal protozoa such as Cryptobia, found in the bloodstream of
fish are much more problematic and less treatable with current
available therapeutants. A pajor disadvantage for the
aquﬁculturist in treating protozoan infections is, with the
exception of formalin - and potassium permanganate, the

therapeutants which are effective are not approved for use.
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ildwever, salt is listed dn the low regulatory priority list.
b lj
Trematodes

"The: ﬁmnruatmdas, or flatworms, are classified (either as
monogenic or digenivs,. deparmding:contthe numlwr of hosts required
o complete their life uviwll. - Monoo®iric. tinwatodes-utilize a
single host. Species of the genus .Gyrodacty]idae are generally.
found on the body and fins but occasionally may be found on the
& gills. Species of the genus Pactylogyridas are commonly found -
on the gills (Warjgen 1981). Most. trematodes are microscopic,
however some specie?s attain a lange:enough size to be seen with

“the naked eye. The}:r can cause dimage to the surface of tHe skin

:5 i

,JE and gidlls, pussiblj} resullsing in. death. Cleidodiscus is one
e ]

:ré conmon trematode which infects the gyills of catfish and a wide
e

iy, variety of other warmwater species:y® When numerous, it causes
i

e

-raspiratory probléms, by severely. damaging gill tissue (Warren.

- T

1.981).

-

Treatment for monogenic s trematodes includes potassium

permamﬁﬁ;ate at 2-4 ppm for-one®hour om three successive days

e
A =5

ZE, [Unthrg-aase: 1989) . - Chlormamine T, ~Mascten,. and formalim are -
‘,q:"' u't';her rﬂlemicals which has proven useful as treatments. Of these
{;; chamﬁlﬁ pottassiuvm permanganate and formalin have approval for
L‘} t ;uaa *m@uﬂd fisih A 3% ‘agltwater-bhath has proven useful in many

."-.

i.nsmb]m-fr:ﬂ:te eﬂmmsterirrg therapeutants.

e -Jﬂn.-..
-

S E e T

- dd -f

=

i
:

=
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i

« Digenic trematodes require at leasi: twa.hosts, living part

Bl o st

__u.'r.-
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1 * infestations, as they will retard the growth of the fish. The
i larval forms however, may be much more harmful. The larval fqrms

of the=se and other species migrate through the body cavity and
L internal organs causing damage as they migrate. Adhesicne-

davelop in the organs as a resmlk of the: migwration.  Severe
adhesions may render the fish unable tn digast- or absorh.
H nutrients adegquately for optimum growth. In sume cases, when the .

'.L; ovaries are infected, adhesions can impair thw-ability of the

t 6 fish to produce eggs and spawn. In cases where the. species
bt
s sat Liigul ;ntest;n 1;5 is found, the tapeworm grows to such a degree: :

inside the body ra’-v:.ty that it eventually causes the belly to
- Jropture and the fish teo die. Although tapeworms will nobtroften
4 ;i ha ali.?ﬁﬁ'or cause of loss of fish, another concern for the fish

;: Earmei: is the fact that tapsworms may be passed on-to humans and '
¥ .'.L;'“J animals through improperly coocked fish. As a result, infected
ii Ffish are not marketable.

Treatman:t of tapeworms must be done through oral medicatiom
and some species are untreatable. One treatment that is:.
effective-against some cestodes is piperazine citrate mixed with
feed at a rate of 600 graws pexr l:ilogram: of feed, fed once
mmr_niqg*and evening on days one and eight (Untergasser 1989).
Tlmimpi:ﬁnd treatment  (day eight; is important to kiIl the
sagami'l;?:: n,that may have detached and can develop into worms.
ﬂthﬂ' xmtments which have proven effiaritive arxe: dii—n—!ntyl: i

: o.'rride at 0.3%.0f the.food, fed at 1% of body weight for three

st T e

3 -days. Some studies have found dilmtylin dilaurate to be more

:"';}._'éf'fectiva than di-n-butyl tin oxide whem given at the same

: ,'.‘ﬁtnpurtiﬂns.. Felixan, fed at a rate of 60 milligrams per

I I:I ] .'l :.I. - 22



J

kilogram of fish, along with phenothiazine, scolaban and yomesan
have proven effective against tapeworms (Mitchell et al. 1980).

None of the above therapeutants have bseﬁ approved for food fish.

Nematodes

Nematodes are nonsegmented roundworms, which in the adult
stage, occur in the intestinal tract (Warren 1981). Some species

however, such as the Philonema and Philometra will infect almost

any tissue of the fish host. Nematodes are often associated with
underfed fish (Mitchell (undated)). A few of the nematodes, such

as Anisakia and Contracaecum, cause serious damage to the liver

of many marine fish. The larvae of nematodes are very common in
fish. Larval anisakids, which are ingested by people eating
infected fish, can invade the wall of the human digestive tract
(Landau 1992).

Treatment methods include 10% Concurat at 10 grams per
kilograms of feed given once daily for five days. Another
treatment that hasl worked successfully to varying degrees is 5%
flubendazol at 1 gram per kilogram of feed five times every other
day. Flubendazol may also be added to the water to destroy eggs

that may remain after t@e fish are treated (Untergasser 1989).

I
Leeches
Leeches are an occasional vtause of concern for the

aguaculturist. Leeches attach to and damage a fish by Iivinq on

its blood. Damage is not limited to the loss of blood, but
lesions caused by blood sucking often become an entry point for

secondary infection. The 1leech may infect the fish with
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protozoan parasites which the leech may carry internally.

2

Traeatment for leeches is often a 3% salt bath for a few minutes.

Dipping ‘the~fish into a lime bath alsoc is an effective way of.

treating infected fish.

Copepods

The vast majority of the copepods in fresh and salt waterx are=
an important part of the diet of gish. Anchor worms of the :genur.
Lernaea destroy scales and cause hemorrhagic and ndcerated areas
at the pnilnt of Xpenetratinn. The major injury to' th= hosh.
results from the c@nsumptiun of blood and from tlm: presence of
an open WDuﬁd at the attachment site which allows the
establishment of sécondary infections. This domage reduces. the.
salability of the fish.

Fish lice, of the genus Argulus, puncture the skin, inject
a cytolytic toxin through the sting and feed on blood. Some
species in this genus are serious pathogens often causing severe
mortality of fish.in ponds. Those of kthe genera Achtheres and
Ergasilus are found on the gills and fins. The infected sites
on the fish may become ulcerated and pzuvide an access. for
gecondary infection (Warren 1961). In gencral, copepods:inhibit
the growth and reproduction of fish being cultured when
inf#-tatinn occurs. Some speciess of capepods have no
kncﬂ‘_ therapeutic control. Others are contrceclled by a.
combination of 0.5.ppm copper sulfate and .2 ppm fer:;:i: sulfate

for six to nine days. Formalin and potassium permanganate are

also successful in treating some copepods. The treatment of

-choice however is Masoten. Two applications, of 0.25 ppm at a

24
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' _one week interval, of Masoten have been found to be effective.

mIn other cases, Masoten must be used weekly for five weeks since

‘in some species it kills only the larval stage.

FUNGAL INFECTIONS

Fungal infections are responsible for significant losses in
most fish production facilities each year (Mcore 1984). Fungal
infections may occur either externally or internally. Clinical
signs of fungal infection :i.m:].ude.a fuzzy appearance on the
surface of the fish, lethargy, skin 1lesions, and 1lack of
appetite.

-Some speciles attack externally and penetrate inside the skin
to the fish organs by means of their mycelium. Normally, fungal
spores do not attack the healthy skin of the fish (Meyer 1976).
If however, the skin has been damaged by bites or other wounds,
bacterial infection, or parasites, then the spores find a
suitable location to penetrate and germinate. The external
fungi, usually Saprolegnia, appears in the form of fuzzy grayish,
whitish, or dirty brown patches on the body. The fungal lesions
cccur almost anywhere on the body of the host, when they ocecur
on the gills the fish is usually lost.

Branchiomyces is an internal fungus which is responsible for
one type of gill rot. It has been found in most species of pond
fish. It has a rapid onset and can often be too late to treat
once detected, resulting in large fish losses. Once a fungal
infectinn has becnmelsevere enough that the hyphae filaments can

be seen by the naked eye, it is wvery difficult to save these

particular infected fish. However, it is an indication that
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treatment is necessary “for the pond, raceway, or tank. In

addition, eggs q?y become infected and reguire treatment.
Treatment exists.-for some species, however they, ars usually
ineffective once the mycelia have formsu. Treatments,, which willl
kill zoospores, include the use of formalin af. 2% -5k ppm in
ponds, and copper sulfate applied at a rate of 0.75 ppm {Or evarjv
100 ppm total alkalinity, used only when total alkalinity exceeds
40 ppm (Moore 1984). Copper sulfate should be ured thiree times:
at three day intervals. A malachite green dip and griseofulvin

have also been used with some success (Untergasser 1989}.
¥

BACTERIAL DISEASES
Bacterja are mitroscopic organisms that can create external
or internal lesions, ulcers and sores. Many bacteria are'norwal

inhabitants of the water and only cause infections when fish are

in poor conditions (Getehell 1592).

EXTERNAL DISBASE BACTERIA

Columnaris
This disease is.caused by Chondrocazeas columnaris- (Cytophaga
columnaris is now classified as Flexibacter columnaris). It is

found in salmonids and many warmwater Cishes. The bacteria affect
small fingerlings to . the catchabhle fish. Althougls columnaris
disease att;nks practically &ll species aff freshwater fish, catfish
are- particularly susceptibls.. Colummariwss is usually associated
with some kind of eroded conditiciss amd handling; - Under
appropriate conditions columnaris may take an expluaivﬁ course and

cause catastrophic losses in one or two days after the first
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") "appearance of the disease (Piper et al. 1982).

:,i Clinical signs of columnaris include early signs of grayish,

\ :J.;ﬁhite areas on—the body, head; fins or gills. Edges of these-
:',lasj_:ms may appear reddened and hemorrhagsd lesiuns ave invadeéd

 Es&cnnﬁari1y by fungus. Most workers consider fhis dissase to he.
‘I:I'ht.:lth internal and external in nature, though oily external
rlesions are seen.

2 Treatment for columnaris is usually two-fold; copper sulfata

f
f};flush.as for one to three successive days for treatment of. the
.--a‘xternal stage and Terramycin fed in a medicated feed at the rate
ﬁbf 36 grams of TM-50 or TM-500 per 100 pound of fish (4 grams af
fpura antibiotic per 100 pcund;. of fish) Ffor seven to ten
Jconsecutive days for treatment internally. Sulfamerazine,
. w=lthough not legal for food fish, can be used at 8 grams per 100
'%pﬂunds of fish. When water temperaturaes are high and fish are
Efcruwdad, the disease will continue undex such eonditions because
%ﬁhe treatment only controls the disease and dhes not eliminate

1. |
gtha pathogen. Piper et al. (1982) recommend the following:

ks
q_-pr-ﬁ‘-:-;:"l'a.——".

' 1.-Diquat at 8.4 to 16.8:part per million (2-4 ppm active

e

!
i

actinnj_fnr one hour daily for three or four days.

-

fgg.*Tﬂiramycin as a prolonged bath at 15 ppm active ingredient

42 (ﬂggﬁ gram# per 10 gallons, 4.25 grams pev 10 cubic feet per
K 'y

4
.- 3.=C er sulfate at 0.5 ppm for pond txeatments.

El&ﬂ.—Furanace. For trout and salmon as a hath at 1 ppm

s

;.'zlfﬂbursj.

\ act_;ivm ingredient (0.0038 grams per gallon; 0.0283 [

' per ten cubic feet) for an indefinite period.

L
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5.-Potassium permanganate is the most effective for pond
treatment for external columnaries infection in A

warmwater fish at.the rate of 2 ppm (5.4 pounds per ac%e#

foot). If the color changes from pink te brown ia less thune

12 hours it may be necessary Lo repeat the treatwmerr.
act G iseace

Bacterial gill disease is most common in California and causes

more losses than any other diseasa. Rainbow trout as well salmon
1

can be infected {ﬁﬁitritz and Lewis, 1980). Mud and sil% in

w7~ -water supplies, and dusty starter diets are important factors
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that contribute toj out break of the disease. The bacteria
attaches to young channel catfish, largemouth bass, blue'gill or
redear sunfish (Piper et al. 1982). The bacterium is an

unidentified species related to Chondrococcus colwmaris, which

flourishes iﬁ water temperatures above 56°C and In crowded
conditions. Etiology of the disease has not been proven
conclusively because induction of the disease with flexibacter
isolated from diseased fish has not been consistently achdeved.
Other common soil and water bacteria, such Aeromonas sp. also may
cause bacterial gill disease. Sudden lack of appetite,
orientation in rows against the water current, lethargy, and

distribution of individuals eguidistant from each other are

“qu typical signs of fish infected with bacterial gill disease. In

ki

g

early stages the gills may be swollen and clubbed with large

/. amounts of mucus and in later stages the gills may be destroyed

(Piper et al. 1982). Microscopic examination of affected gill
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czissue reveals long, thin bacteria arranged in patches over the
epithelium. i

Bacterial gill disease is controlled by dipping or flushing
with copper sulfate. Terramycin, 36 grams TM-50 or TM-500 per
100 pounds of fish, ﬁay be used. The most reliable and often
used treatment for bacterial gill disease are Roccal, Hyamin 1622

(98.8 % active), and Hyamin 3500 (50% active), although these

treatments are not registered by the FDA (Piper et al. 1982).

ease

Peduncle disease, in fingerling rainbow trout and catchable

size rainbow, can cause serious mortalities. Salmon are also
susceptible. The organism responsible for this disease is
Cytophaga psychrophila and is found at temperatures below 56°C

as well as at higher temperatures and does not require crowded
conditions to affect fish. The bacteria is water borne and can
be transmitted from carrier fish through the water supply. The
tissue of the caudal fin and peduncle is affected causing much
tissue destruction. Advanced stages result in complete loss of
the caudal fin and the posterior end of the peduncle leaving ex-
posed muscle and bone of the vertebral column (Piper et al. 1982)

Combined treatment of copper sulfate and flushing with
sulfamerazine (8 grams per 100 pounds of fish) or Terramycin (36
grams TM-50 or TM-500 per 100 pounds of fish) added to the diet
will control the disease. Sometimes no treatment will avail
(Leitritz 1980). The best treatment for peduncle disease is the
oral administration of drugs with food. Sulfisoxazole

(Gastrisin) and Sulfamethazine al 9 grams per 100 pounds of fish
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per day, or Oxytetracyclhine (Terramycin) at 2.5 grams per 100
pounds of fish per day should be given for 10-14 days (Piper et

al. 1982).

Fin Rot

Advanced cases of fin rot can resemble pedliocle disease.
Fin rot is caused by bacteria, crowded condif:ions; comcrete
ponds, or improper diets. In bacterial cases the -early stages
exhibit a white decoloration along the outer edge of the:fins.
The tissues includ&ing fin rays are destroyed. No specific type
of bacteria is récngnized as its cause. Signs ' may occur
incidentally in the course of another bacterial disease, such-as
furunculosis. 1In ﬂypical fin rot, Ffims first become opague at

the margins and lesions move: progressively toward the base.

Common bacteria such as Reromonss hydrophils: and Pseudumonas sp.
often are found in lesions ef a fin rat. Most species of

salmonids are susceptible to thiis (disease.

The best treatments for fim rot infections are a scluble form
of Terramycin added to water at 10 to 50 ppm for osme hour. The
control can alsoc be ' achieved with- Hyamim or Roccal at a
concentration of-1 to 2 ppm for one hoar. A 1:200 solution of
copper sulfate for a 1-2 minute bath is.effoctzive in treating fin
rot. Avoiding overcrowded - condiitions and providing a

nutritionally balanced diet will help prevent fin rot.
INTERNAL BRCTERIAL DISEASE

Furunculosis disease is caused by Aeromcnas salmopnicida and is
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limited to freshwater and anadromous fishes; it.has caused severe
mortalities in hatchery and wild trout (Zeigler; Leitritsz anij
Lewis, 1980; Piper et al. 1982). Rainbow trout are resistant but
can act as carriers of the disease and infect other fish. The
disease is essentially a bacterial "blood poisoning". The
bacteria may collect in clumps in the smaller blood vessels, then
rupture the blood vessels and invade the surrounding tissues.
The disease progresses and the spots of bacterial growth may
fuse, destroying the tissue and enlarging into a definite swollen
area; the gills may also show hemorrhaged areas. The kidney is
usually badly diseased and may be converted to a semiliguid mass.
In fingerlings frequently the anly evident signs are dark
irregular areas on the sides between the dorsal and pectoral
fins.

Precautions and control of furunculosis in hatcheries would be
facilitated by the development of methods that monitor the
presence of A. salmonicida before the bacteria produces clinical
signs of the disease (Ford 1992). Sulfamerazine (10 grams per
100 pounds of fish per day) i1s a good treatment; however, due to
sulfa-resistent bacterial strains Terramycin is used (36 grams
TM-50 or TM-500 per 100 pounds of fish per day for 10 days).
Bacteria can be resistent to Terramycin also, so Furox 50 has

been used successfully under experimental conditions.

Ulcer dis =
Ulcer disease is caused by Hemophilus piscium (Piper et al.
1982; Zeigler Aquaculture; Leitritz and Lewis 1980) and is

characterized by ulcers or sores on the surface of the fish.
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'hese resemble furunculosis but are essentially different in that
7y ' the "sores" pegin on the outside and work through the skin,
‘. whereas in furunculosis they develop beneath the skin as.-blood
"i filled boils and may eventually breali open externally if-the fish™
| Lives long enough. Positive diagnosis weguidcss . procedures
.4 usually available only in a well developed bacteriological
!: laboratory. This disease has not been reported in Western North
4 America.
e Control is afforded by chloramphenicol or Terramycin in' the
frod at the rate ofy2.5 to 3.5 grams pure antibiotic activity per
f'-'.‘, 100 pounds of f.i.shi_ per day until losses have dropped to an
{acceptable level. i
.I '_'r & §"
i Hed-Mouth Disease
Red-mouth disease is caused by a specific enteric bacteria
-::.wlhich has been isolated but net charactierized. by generic
l;‘.'l;:lssifi-:atinn. It is also considered restricted to rainbow
,'.jﬁ'_t‘ruut. Unfortunately, several other bacteria have been isolated
: IfJI:I::m rainbow trout and other salmonids which produce similar or
:ufurlapping eigns (Leitritz and Lewis 199%). One of Hwe most
I":f'r;aquently encountered organisms is JHeromanas liquefaciens.
'-.Z':"ﬁf.'gns?”fhti red-mouth include lethaxgy, darkness, reddened skin
]:Lm.nq,.? ;ﬁamnrrhages on the cperculum, bsthms, gills, and

aﬂs:n{:ﬂhd membranes as well as the base af t.he £ins.

Iﬂtemag.iy, inflafmatidn and hemorrbages are often seen in the
|il| |.

;' ¥ p@stsrlnr intestine. The visceral fab, liver, and lining of the
B

¥ h-pdy cavity are often studded with small hemorrhages. These

i

.E{-.gl.tgna may not always be present and it may be necessary to

s T

l"!l-l l'1|r .-_' 3 2



examine the blood microscopically and carry out appropriate

laboratory procedures.

Red-mouth disease is controlled by standard Terramycin feeding
of 316 grams of TM-50 (or TM-500) per 100 pounds of fish daily for

10 days. Sulfamerazine fed at 10 grams per 100 pounds of fish

per day for 10 days has also been used with reasonable success.

Fish Tuberculosis

It is related to human tuberculosis bacterium {(Leitnetz and Lewis
1980; Piper et al. 1982). In cCalifornia the disease has been
found in adult kindlsalmnn, silver salmon and steelhead. The
disease has been minimized in hatcheries by eliminating the
practice of feeding with infected salmon viscera and carcasses.
There are no drugs presently known that can be used to treat this
disease among salmonids. In infected fish the diseases resembles
melany tuberculosis in humans. The lesions are caseous or
purulent tubercles scattered among the kidney, liver, spleen, and
digestive tract. The bacteria in active cases may be found in
virtually all tissues. The significance of this disease among
the anadromous salmonid fishery is unknown.

Kidney Disease

Kidney disease has not been a problem of significance in
California (Leitritz and Lewis 1980). Occasionally it is found
among eastern brook trout, and juvenile silver and kind salmon
have been found with the typicali signs. Kidney disease has
caused serious losses amoung trout in the eastern U.S5. and in

juvenile salmon reared in Pacific Northwest hatcheries. The
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. oaross signs include popeye, skin hemorrhages, hemorrhages at the
M .". hases of the fins, and sometimes deep P_lr:ers. which can bs seen
externally and the abdomen may be greaktly swollen. Internally:the
kidney, liver and spleen often exhibit "white hoil-like"™ losiors
similar to those seen in Fish tuberculecsis.. The. jnfemidon to

wild population could be from water supply or in ferftilizad eggs..

'Irgﬁad continually, following the treatment, the losmses are
C“i:minimized until liberation of the fish. Erythromyecin at 4.5
.' *§rams per 100 pound of fish per day for thresz weeks has been used
u;ﬁﬁéuﬁcessfully Terramycin at its standard dese (36 grams TM-50

. or TM-500 per 100 pounds of fish) has also been used. Under-

-'I !] grams per 100 pounds of fish per day for three weeks. gave

'. J.|| ¢
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definitive diagnosis can be made only if the causative agent is
isolated and Ldantlfiad The most common signs of MAS are
superficial cirr:ulir or regular grayish red ulcerations, with
inflammation and erosion in and around the mouth (in enteric red
mouth disease) (Piper et al.1982). Fish may have abdomen filled
with slightly opaque or bloody fluid (dropsy) or exophthalmia.
Minnows may have furuncules like those in furunculosis, which may
erupt to the surface. The kidney may be swollen and soft and the
liver may become pale or greenish. -Motila aeromonas septicemia
ﬁc:asiunally takes an acute form in warmwater fish and severe
losses can acéﬁr even though fish show few, if any, cliniecal
signs of the disease. Largemouth bass and channel ca€tfish are
susceptible particularly during spawning and during summer if
stressed by handling, crowding or low oxygen concentration.
Aquarium fish can develop the disease at any time of the year.
The disease has been identified throughout the world and
apparently infects any species of freshwater fish. Broodfish can
be injected with 25 milligrams active Terramycin per pound of
body weight or fed medicated feed before they are handled in the
spring as a pruphylaﬁtic measure. Outbreaks of MAS in channel
catfish and other warmwater fish that will eat artificial food
can be treated by feeding 2.5-3.5 grams active Terramycin per 100
pounds of fish daily for 7-10 days. Outbreaks in salmonids have
been treated successfully by Terramycin fed at 3.6 grams TM-50
per 100 pounds of fish daily for 10 days. Sulfamerazine fed at
10 érams per pound of fish per day for 10 days also has been used

with reasonable success. A combination of sulfamerazine and NF-

100 has been very effective in western USA.

a5




Iy

A
o

s
1
i

o

.;_: L I:.
@'t granular spleen and skin ulcerations.

b

ik
I]%
jin Louisiana coastal water in December 1990 and spring 1991. They

COTHER DISEASES
Edwards losis (enteric septricemia)

Edwardsiellosis is caused by Edwardsiella iglnluri and im a
major bacterial pathogen of channel catfislb. 2~ numher of
investigators have recognized that vaccination (loth wiild a-Bath.
or oral) enhances survival to a bad challenge of virulent
bacteria when compared to nonvaccinated control (Lingenfelser and
BHlazer 1S§2}. TH% bacteria enters through the olfactorny sac and

ilegeneratesthe ni_:far:tc:ary neuron (Morrison 1992). Buldwing and

Newtan {(1992) fuun? that Edwardsiella pass through the intestinal

- 4, mucosa and produce histologic lesions and necrosis.

4.\ Mycobact marinum

Newton et al. (1992) found Mycobacterimsis in hybrid striped

‘ pass in intensive culture. The fish bhad low growth, poor

"nutrient conditions, linear pale streaks in the gill, enlarged

He

Lf;ﬁﬂﬂggtg rella piscicida
: { Haﬂ‘k;e et al. (1992) «letected P. piscicida as causative agent of

&
"‘ljl|1 E-} )
33&15.“5 in population of:intensive cultured hybrid striped bass

g4

}iﬁlrepcrﬁ gsignificant mortality at two commexcial brackish water

"-'.-"ﬁensiti'ﬁe to Romet (Sulfadimethoxine and Ormetoprim) and

e}
'
iy
W

Terramycin (oxytetracycline) when first isclated; however strains
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isolated subsequent to medicated feed treatment were resistant

to both chemotherapeutants. ‘i

Botulism Syndrome

Walker and Ekland (1992), report loss of 240,000 of rainbow

trout (95 %) Oncorhvpnchus mykjiss, occurring from late summer
through the fall of 1986 at Riffle Fall State Fish Hatchery

Colorado. The signs were affected behavior in swimming due to
descending paralysis from botulism toxins and viscuous feces due
to toxin that induced constipation. They affirm that botulism
syndrome can occur under the right series of circumstances
including pond designs, fish culture practices or prolonged

temperature and overcrowded fish.

CONSIDERATIONS
Before a culturist treats a group of diseased fish, there
are several considerations the aguaculturist must contemplate

beforehand.

ecognitio i 5 a i gsis and

chemical J

Cculturing high densities of fish iq;r&asas the chances of
outbreaks of disease and parasites. The chances of successfully
treating fish is dependent upon the stage at which the problem
is detected. If the first sign of a disease or parasite
epizootic is numerous dead animals, it is often too late to treat

the remaining fish which are alive (Stickney 1979). Chances of
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y successfully treating diseased fish drastically increase as
'1. L diseases are detected In their early stages.
) * .* There_are some. obviocus, behavioral changes as well as physical
' ¢hanges that indicate that thera is a problem. Some:behavioral
s ,L changes which indicate a fislr may be sufiaring from.a:disease.
'.' include cessation of feeding, abnormal distriwticonin a tank,
' such as many fish swimming at the surface, flashing, ,or lethargy
"' (Piper et al. 1983). Physical changes which ocour mayy be
EQ hemorrhaging, eroding areas of the body or fins, or discolomation
.rw{}.{Fiper et al. 19?3]- It is important to stress that the
if Laulturist must have frequent visual contact with the animal, so
i -‘g. that disease problems can be detacted early.
;n:r? LE the”fish farmer can identify thak there is a problem and
3 :,ff'lthan accurately diagnose the dinsease, then @ timatment can begin

,_l_u.-r:'lght away. However, in many cases the aguaculturist can not

iy

{ diagnose diseases accurately and therefore has to submit samples
= -

""_t.o a diagnostician to ensure accurate evaluatiom of the problem.

"'It is important to note that: if diagnesis is not accurate and

,_!"5hotgun" t.rea-tments are performed, they usually are not

E?upﬂli r.;-hemica.l for treatment  needs to ke selected. If tise
ﬂ]l.lltﬂaﬂﬁ- submits specimens foxr diagposis. thenm usually =
.:;h“- !:j::.‘eah_lﬂi of the disease is oftem suggeslerd. If the culturist
-_J._':I_d'iaqﬁdqas the disease, a nuibrae of books are a\railahla on the
=¥$ ;:lhject of treatment of fish diseases ar tlley can consult an

r-

e ﬂxtansinn agent for d recomménded treatment. Presently there are

'#i pnl:,r five registered drugs and seven low priority drugs from

i -."'}"I 3 B



which to choose.

It is easy to see that diseases cause economic losses due to
mortality, but diseases also cause losses due to treatment
expense, reduced growth rates during and after disease outbreaks,
and the postponement or loss of opportunity to sell the fish.
Once the aguaculturist sees a problem, accurately diagnoses it,
and selects a treatment, he must assess the value of the diseased
fish. If the value of the treatment expense is greater than that
of the crop of fish, the fish farmer should not treat and shéuld
accept his losses. Conversely, if the wvalue of the treatment
expense is minimal in comparison to the value of the crop of fish

then a treatment is warranted.

the chances that the treatmer W essful?

As discussed previously, the earlier the detection of a disease
or parasite problem, the more likely of a successful treatment.
Also, if time allows, 'take a subsample of the diseased fish.
Initially, +treat this sample of fish to determine the
effectiveness of the drug before exposing the whole crop to the
therapeutant (Stickney 1979). This could save the farmer time

and money if the treatment is ineffective.

on alterna s are aval
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: { There are several different ways to treat using chemicals. Dip
0 }fr treatments consist ufiplacinq small numbers of fish in a strong
_:;hsnluticn‘cﬂ.a chemical for a.short period of time. This methad:
’f.' ‘of treatment is somewhat dangerous because there is. omly a small
!  difference betweer a duse whibh' ls, efFfactive  and a daosa.which
b }kills fish. In a bath dreatment; ihe inflowing walsr. is tmmed.
off and the correct amount of chemical iis adde:f directly to ithe
% 5 Jholding unit. After a specified time, the inflowing water is

;}turnad on and the treated water is flushed out. In this-:method

;?? is cut mff. Alsc, iﬂr this type of treatment to ba effective the

d:.uq must be uniformly distributed)thioughout the tank.

. h 1I.rtlgl’!’l.'i-Ei.ti-::.n1'1 of the: bath treatment, the indefinite bath, is
' i :'.‘:_ganerally used im ponds. In’ this:'method, 2.low' concentraktion of
-':"' the chemical is added to the pond end is left to naturally

diss:.pate One disadvantage to this.method is that if the pond

,'54 flush%trmugh This method has beem widaly used in the-culture

::'-r' "‘;I".'uf n&grﬂids and is only applicable in raceways, tanks, or
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fishes stom-ch. One way to do this is to feed medicated feed,
|?hich can be commercially purchased. Another way to introduce
medication to the stomach is to weigh out the correct amount of
drug, put it in a gelatin capsule and then insert the capsule
into the fishes stomach with a balling gun (Piper et al. 1983).

For Emall.numberslnf fish which are very wvaluable, such as
broodstock, perhaps the best way to treat is by injectien.
Injections of medication can be inserted into the body cavity or
directly into the muscle. Altheough injections work rapidly, a
major disadvantage of this method is the chance of damaging

internal organs.

Are there complicating factors?

Before treating a Eody of water with a chemical, the
agquaculturist must ceonsider how environmental factors such as
temperature, pH, turbidity, alkalinity and rain can influence the
effectiveness of a treatment. Also, the aguaculturist must
consider what effects the treatment may have on phytoplankton,
zooplankton, and bacteria. There are three fishery chemicals
which interact heavily with water guality variables: formalin,
potassium permanganate, and copper =ulfate.

Pormalin, which is registered by the FDA, is a chemical widely
used for the control of fungi on fish eggs and external parasites ™
(Boyd 1990). Water temperature is known to have a effect on the
toxicity of formalin on fish. As a general rule, for warmwater

fish at temperatures above 70°F, formalin becomes very toxic, and
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for coldwater species, fish become very sensitive to formalin at
temperaturas above 50F (Piper et al. 1983). S-:a‘,‘.g if is necessary
to treat with formalin above these temperatures, it would be
prudent to use low concentrations and tv repeat the traatment om
successive days (Piper et al. 1983). Also, fimmalin is highly
toxiec to phytoplankton and extreme cautiocin is wsrranted when
treating ponds with moderate to heavy phytoplankton blooms: IL~
a pond with a heavy bloom is treated, then a dieoff of algae will
occur and a subseguent oxygen depletion will present a new
prablem to Ithe nuliturist.

Potassium permanéanate and copper sulfate are not currently
registered by the FDA; however, discussion is wortiiy because very
little data is needed for approval and these two chemicals are
on the highest priority list for registration (Stefan 1292).
Potassium permanganate has been used widely in the past to treat
external protozoa parasites; monogenetic trematodes:and external
fungal and bacterial infections (Piper etv al. 1983). It has been
found that the toxicity of potassium permamganate (KMnO,) is
lessened in water with plankton blooms (Boyd 1990). Thus, it is
necessary to treat with enough KMno, to satisfy the KMnO, demand
of the water and to provide a residual amount which will be taxic
to disease organisms (Boyd 1930). KMnO, gives the water a pink
color and upon breaking down the color changes to broum. (Boyd
1990). It is recommended that if ths coler change takes place
before twelve hours after the~KMnO, has lwen applied. it will be
necessary to repeat the treatment (Piper et al. 1983). To
resolve this problem; a method devised by Bayd (1990) is wvery

useful. Boyd suggested treating water samples of one liter with
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0,1,2,3,4,5,6,8, and 12 ppm of KMno,. The lowest concentration
which still has a pink coler after Fifteen minutes is determined
to be the EMnO; demand of {he pond. Later, Tucker revealed that
the result of. this test multiplied by 2.5 gave a reliable
treatment rate for bacterial diseases in fish (Boyd 1990).
Copper sulfate has been used in the past as an effective

algicide. As mentioned with other compounds, the effectiveness
of copper sulfate is dependent upon water quality variables. The
most important factors regulating tc;:xicity is the alkalinity and
pH of the water. The toxicity of copper sulfate to fish
decreases with increasing pH. Alsc, copper sulfate is more toxic
in water of low alkalinity rather than water of high alkalinity
(Boyd 1990). It should be noted that because of the high
correlation between hardness and alkalinity, some biologists have
mistakenly thought that the toxicity of copper sulfate interacted
with hardness, not alkalinity (Boyd 1990). The decomposition of
algae fcllnwir;g the application of copper sulfate may cause
oxygen depletions later, thus oxygen concentrations must be
monitored after treatment. In addition, if heavy rains occur

after a treatment, safe levels of treatment may become lethal

because of a lowered total alkalinity (Boyd 1990).

CONCLUSION

Due to the potential of pathogens to devastate fish
populations, there' is a need for the aquaculturist te have

registered therapeutants available. The 1limited number of
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currently approved therapeutants is a result of the lengthy and

costly MNADA process which has deterrved chemical manufacturers.

from pursuing spensorship of.'new animal drugs. Producers. camn .

become a part-hf the solution to this prohlem by utilizing the
compassionate INAD policy. The data genexated by producers
encourages further research on drugs of highest priozdiw. This
reduces the expense and amount of time required that spun=zors
must invest in registration efforts. The end result is.a greater

number of approved therapeutants available to the agquaculturists.
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Table 1 : Therapeutic Drugs Approved for Use in Aguaculture of Food Fish

{Edwardsiella icialuri)

davs

Drug Species Indication Dosage ragimen Limitations/Commenis
Oxytetracyciine Pacific salmon Mark skeletal tissus 250 mg/kg/day for 4 =Salmon < 30g
monoalkyl trimethyl days —In fedd as sole ration
ammonium (Terramycin by —7 day withdrawal lime
Pfizer, Inc.) = —Also hydrochlonde form
Salmonids Control ulcer disease, 2.5 10 3.75 gM00 Ib/day | —In mixed ration
furunculosis, bacterial for 10 days ~Water not below
hemorrhagic upti::amiz, and 48.2°F
omonas diseass —21 day with drawal time

(Hemoohilus piscium,

Agromonas salmonicida, A.

liquefaciens, Prendomonas)

' i - - -

I' Catfish Control bacterial hemorthagic 2.5103.75 g/100 Ib/day | —In mixed ration
septicemia and Mmonas for 10 days —Water temperature not below
disease (A, liguefaciens, 62°F :
Preudomonar) =21 day withdrawal tims

Lobster Control gaffkemia | gflb medicated feed —In feed az sole rauon
{Aerecoccus viridans) for 5 days =30 day withdrewal ome
Sulfadimetthoxine + Salmonids Control furunculosis 50 mg/kp/days for 5 —In fead :
ormatopriim (Romet-30 by {Aeromonas salmonicida) davs =47 day withdrmwal time
Hoffman-La Roche, Inc.)
Catfish Control entenc septicemia 50 mg/kpldays for 5 ~In fead

—3 dav withdrawal time

Tricaine mathanesulfonate
(#5-222, Fingusl by ARgent
Chemical Labs)

Fish (Iclauridae,
Salmonidae,
Esocidas, Percidas)

Sedation/anesthesia

15 to 330 mg/L (fish})

—Powider 15 de?:ld to \::I‘.I‘.‘.T -
—Concantration u esir
degree of mmfmﬁ size,
waler temperature and sofitness, slage
of development; prelimi tests of
solution should be made with a few
fish ~
—21 day withdrawal time (fish);
inboratory or hatchery use only in
other poikilotherms

—Waler temperature over 50° F

Other aquatic
pikilotharms

1:1000 to 1:20000
(other poikilotherms)
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Formalin (Paracide-F by Salmonids, catfish, Contral protozoa and Tanks and raceways —Aqueous solution is added to water™
Argent Chemical Labs and Wﬂl bass, monggenetic trematodes Above 50° F: Ue 1o 170 | —Drug must not be subjectad to
i Formalin-F by Natchez ! fuzgill (lcthyopthirius, Chilodonella, ul/L, up to lhr. temperature below 40°
| Animal Supply) Casiia, Scyphidia, epistylis, Below 50° F: Up to 250 | —Da not apply to ponds when water
: Trichodina spp. and ul/L, up to 1 br. is warmer than 80° F, there is 2
Cleidodiscus, Gyrodacrylus Earthen ponds: 15 to 25 h“ssg vii;ytuplankmn bloom, or
Dacrylogyrus spp.) ul/L indefimitely di oxygen is less than 5 mg/L
—Ponds may be retreated in 5 to 10
Salmonid and esocid | Control fungii of the family 1000 to 2000 ui/L fo 15 | Saysif needed -
) eggs Saprolegniaceas minutes ;’ége'émh';m ponds coatainiing
.~ - | —Drug should be applied to eggs in
— T constat flow water supply of
incubating facilities; treatmen; may be
repeaied as ofien as needeg ‘o prevent
fungal growth g
Sulfamerazine (by American  Raippew, brook, Contra! furunculosis -10 g/100 Ibiday for up | —In feed
Cyanamid Co.) ‘ gad brown trout 10 14 days =21 day witthdrawal tige

m# -Nﬂi mmﬂ“\l’ l‘l'ii.ilhl;‘ —

" — . - = e —

Aﬁgrnval apg;iQE only to the spaecific drug which is the subjeect of a new animal druj gpplication

(NAD2) ; active ingredients from other souces (e.d. Bulk drug from a chemical company or similar

ggmpﬂun&ﬁ made by ‘dompanies other fhan those speccified in~the NADA) are not apbioyed new animals
ugs. -

Approval applies only t2 use of the drug for the indicatiuns and manner specifiied gn the label.

LGKahn 12-4-91
rev lgk:5-1-92:agqua
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DRUG

Carbon Dioxide

Sodium Bicarhonate

Acetic Acid
Sodium Sulfite

Sodium Chloride

Calecium Chloride

Providone Iodine

§ Table 2: Low Regulatory Priority Aquaculture Drugs

APPLICATION

Gas for anesthetic purpose in
cold, ecool, and warmwater fish.

142 to 642 ppm dip for 5 minutes
as a means of introducing carbon
dioxide into the water to
ansesthetize fish.

1,000 te 2,000 ppm dip for 1 to
10 minutes as a parasiticide for
figh.

15% sclution for 5 to 8 minutes
on fish eggs to improve their
hatchability.

0.5% to 1% solution for an
inderinite period as an :
osmoregulatory aid for the
relief of stress and prevention
of shock in fish; 3% dip for 10
to 30 minutes as a parasiticide.

Used to increase water hardness
to 150 ppm calcium carbonate
equivalents for an indefinite
period as an osmoregulatory aid
during the holding and
transportation of fish.

100 ppm dip for 10 minutes as an
egy surface disinfectant after
water nardening.

Adapted from Beaulieu, 1992; Center for Veterinary Medicine,
u.s. and'and Drug Administration, 1992; 0Office of Surveillance
and Compliance, Center for Veterinary Medicine, 1992; Stefan,

1992.
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§ Table 3: Physical and Chemical Characteristics Data Reguirements
O J Color i
N Physical state ;
: Odan
= § Melting. rprint (CR)

Boiling pmint- (CR)
. Density, bulk deismity, or opecifiic gravity
v Solubility
- / Vapor pressure
] Dissociation constant
vy Octanol/water partition coefficicemnt (CR)
PH (CR)
Stability
Oxidizling or reducing action (CR)
Flammability (CR)
Explodability (CR)
Storage stability
e Viscosiity (CR)
A Miscibi}ity (CR)
i Corrosioen characteristics
g i Dielectric breakadwn voltage (CR) .

o - B e ¥

-f Conditionally required studies are noted with (CR).

=
i

|

{.
. 'fable 4: Residue Chemistry Data.Regquirements
i.
i

Nature of the Residue
Flants (CR)
.Livestock (CR)
B Residue. analytical method
-y Magnitude of the residue
= .Crop field trials
Processed food/feed (CR)
Meat/milk/poultry/eggs (CR)
Potable waten
Fish
B b Irrigahad craps (CR)
g 2 Food. handling (CR)
i WReduction of residue:
‘Froposed tolerance

&

', conddeginally reuired studies are noted with (CR) .
a t .-‘r

1 .
| e -.I #, . =
H o -
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. - .



M Table 5: Environmental Fate Data Requirements
0 Dé?radatiun studies-lab

. Hydrolysis
; Photodegradation - in water, on soil, in air (CR)

Metabolism studies-lab

Aercbic soil (CR)
Anaerobic soil (CR)
Anaerobic aguatic
Aerobic aguatic

Mobility studies

Leaching and adsorption/desorption
Volatility - lab and field trials (CR)

Dissipation studies-field

Soil (CR)
Aquatic (sediment)

Forestry (CR)
Combination and tank mixes (CR)

Soil, long-term (CR)
Accumulation studies

Rotational crops - confined and field (CR)
Irrigated crops (CR)

In fish
In aguatic non-target organisms

Conditionally required studies are noted with (CR).
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Lable 6: Toxicology Data Requiremasnts

Acute testing §

- houte ornl boxicity, rat

are

5

—...- <

B4

5.

=

e
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Acute dermal’ toxlcity

Acute inhalstion toxicitw, raii
Primary eywe irritatioes rabbitrs
Primary dermal iirdieisian

Dermal sensitizatiin

Acute delayed neuruvtoxicity, hein

Subchronic testing

90-day feeding studies, rodent and nonrcdent
21-day dermal (CR)
90-day dermal (CR)
90-day inhalation, rat. (CR)
90-day {neurotoxicity:

tHen (CR})

~Mammal (CH)!

Cchroniec testin

e :
Chronie. feeding, rodent and nonredent
Oncogemicity study, rat and mousa preferred
Teratogenicity, 2 species:
Reproduction,, Z-generation

Mutagenicity testing
Gene mutation
Structural chromosomal aberratiow
Other genotoxic effects (CR)
Special testing
General metalolism

Dermal penetration (CR)
Domestic animal safety (CR)

CundﬁF&unally required studies are noted with (CR).

#




Table 7:

Reentry Protection and Spray Drift Data Requirements

Reentry protection studies \3

Spray

Foliar dissipation (CR)
Sc0il dissipation (CR)
Dermal exposure (CR)
Inhalation exposure (CR)

drift studies

Droplet size spectrum (CR)
Drift field evaluation (CR)

Conditionally required studies are noted with (CR).

Table B8:

Avian

Wildlife and Agquatic Organisms Data Reguirements
and mammalian testing

Avian oral LDg-preferably mallard or bobwhite
Avian dietary LCy-preferably mallard and bobwhite

Wild mammal toxicity (CR)
Avian reproduction-preferably mallard and bobwhite (CR)
Simulated and actual field testing-mammals and birds

(CR)

Aguatic organism testing

Freshwater fish LCgp-preferably rainbow and bluegill
Acute LCy, freshwater invertebrates-preferably Daphnia
Acute LC;; estuarine and marine organisms (CR)

Fish early 1life stage and agquatic invertebrate
lifecycle (CR)

Fish life cycle (CR)

Aguatic organism accumulation (CR)

Simulated or actual field testing-aquatic

organisms (CR)

Conditionally required studies are noted with (CR).

LD, means the lethal dose of the test article that produces 50%
survival of the test animals.

LC,, means the lethal concentration of the test article that
produces 50% survival of the test animals.
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) ;! Tabla 9: Hontarget Insect Data Reguirements
,“I Nontarget insect testing-pollinators
g Honey bee acute contact LDg (CR)
W Honey bee-toxicity of residues on fuliage (CR) -
by 5 Honey bee subacute feeding study (CR)
; Field testing for pollinaksuls {(CR)
_!.
v Nontarget insect testing-aguatic inmsacts
&
i, Acute toxicity to aguatic insects (CR)
¥ Aguatic insect life cycle study (CR)
) Simulated or actual field testing for aguatic
£ insects (CR) :
‘j"" Nontarget insect testing-predators and parasites (CR})
§ Conditionally raqﬁired studies are noted with (CR).
| . L
I.0y means the lethal dose of the test article that’ produces.50%
4; tsurvival of the test animals.
it _ ;
-{‘ II“ E
i
'} Table 10: Efficacy Data Reguirements
3
i In Vitro demonstration of the effective concentration
! of NAD to inhibit or kill pathogen,
’ including:
¢ ~time: relationships
. -dose relationships
'f In Vivo - rdemonstration of the: effective concentration
o i & (or. effective. dos2) for control of the
A pathogen 1in labogatory infected fish,
t , including:
' ~time relatianships -
g rﬁ ~do=se welationships
W iPFdduction conditions: demdnstrate efficacy of NAD in at:
| i least three spizoofrics
TR '
S
J|f
i i
|l‘|f1.
i
W
W
W
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