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The Center for Veterinary Medicine has carefully considered the potential environmental
impact of this action and has concluded that this action will not have a significant effect
on the quality of the human environment. Therefore, an environmental impact statement
will not be prepared. \

Schering-Plough Animal Health is requesting approval of their new animal drug
application (NADA) for the use of AQUAF LOR® (florfenicol)- 50% Type A Medicated
Article for Catfish. AQUAFLOR® is used to control mortality in channel catfish
associated with infection by Edwardsiella ictaluri, the etiologic agent of enteric
septicemia.

Florfenicol is also approved, for use in swine and cattle as codified under 21 CFR
520.955 and 522.955.

In support of their application, Schering-Plough has provided the attached environmental
assessment (EA), dated January 15, 2004.

The EA addresses risk from short-term exposure for aquatic organisms, microorganisms,
terrestrial plants, and earthworms. Risks to sediment-dwelling and most terrestrial
organisms were not considered in the EA because florfenicol and its metabolites are not
likely to adsorb with sediment or be transported to a terrestrial environment. -
Additionally, the EA does not address potential risks to avian species because no
significant bioaccumulation of florfenicol is expected and direct exposure is unlikely.

Risk characterization data for freshwater organisms are presented in the EA. The EA does
not differentiate between acute and chronic exposures or risks. This is appropriate
because releases of water from catfish ponds will occur over relatively short periods of
time (i.e., a week or so). Data in the EA indicates that impacts on invertebrate and
vertebrate aquatic organisms are not expected. There is some data to indicate possible
affects on Skeletonema costatu. These data indicates there is some risk of short-term
effects on the growth of sensitive algae species. However, the risk was generated using
worst-case assumptions that are highly unlikely at most locationis. Even if effects on
algae occur, these effects are not likely to be ecologically significant in receiving waters
for several reasons. First, florfenicol is algistatic but does not actually kill algae so a
rapid recovery in population growth is expected shortly after the release of florfenicol is



completed. Second, although algal toxicity data are limited, it is apparent from the
existing data that there is a wide range of sensitivity to florfenicol. S. costatum appears to
be at one extreme. Many, and perhaps most, algal species will likely ot be affected by
florfenicol under the expected exposure conditions. T hird, because thereis functional
redundancy in algal communities, even if sensitive species are affected, the overall
productivity of the phytoplankton is likely to remain relatively constant. -

As with algae, under the worst-case scenario, the EA indicate that inhibition of sensitive
bacteria in the water column is possible. This is not unexpected because florfenicol is an
antibacterial. Most, if not all, of the effects on bacteria are expected to:be confined to
catfish ponds themselves. Ecologically significant effects on bacteria in receiving waters
are not expected because releases of flotfenicol from catfish ponds will be short-lived and
relatively rare. In addltlon, bacterial population growth is rapid, resulting in a short
recovery time.

None of the four primary individual metabolites would be expected on-an individual basis
to contribute significantly to the overall cumulative risk. Even if each Df the metabolites
were just as toxic as the parent compound, which generally does not appear to be the
case, this would not significantly increase the risk associated with AQUAFLOR®.

Based on data submitted in the EA; risk analyses for florfenicol and its metabolites
indicate that there is a potential for short-term inhibitory effects on sensitive algae and
bacteria downstream of catfish ponds where Aquaflor® is used. However, none of these
effects, if they occur, is expected to be widespread, ecologieally significant or long
lasting, and a rapid recovery in population growth should occur shortly after the release
of florfenicol is completed. Adverse effects on fish and aquatic invertebrates and
terrestrial organisms including b’irds are not expected.under any conditions.

The information provided in the EA is adequate to conclude that the use and disposal of

AQUAF LOR® (florfenicol) are not expected to hava a s1gmﬁcant impact on the
environment.

M \/ > ' / L 1§, 2004
Director, FDA, Cdgter for Vetemnary Medicine Date

Office of New Animal Drug Evaluation, HFV-100

Attachment: January 15, 2004 EA
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SECTION 4. DESCRIPTION OF THE PROPOSED ACTION

A new animal drug approval has been requested for the use of Aquaflor® 50%
Type A Medicated Article in catfish (/ctalurus punctatus). Aquaflor® 50% Type
A Medicated Article contains the active ingredient, florfenicol. Florfenicol is a
synthetic, broad-spectrum antibiotic, with activity against a wide range of fish
pathogens. In catfish aquaculture, the target fish pathogen for florfenicol is

Edwardsiella ictaluri, which causes enteric septicemia in catfish (ESC).

The Aquaflor® 50% Type A Medicated Article is added to fish feed
(incorporated prior to pelleting). The rate of administration of the premix to the
feed will be dependent on the food consumption rate. The recommended
dosage regimen in catfish is 10 mg a.i./kg body weight for 10 consecutive days.
Therefore, at a feeding rate of 1% body weight per day a total of 2.0 g of the
‘medicated article (1.0 g florfenicol) would be applied per kilogram of feed. The
quantities of florfenicol being administered will be dependent on the quantities
and weight of fish requiring treatment. The product is intended for use in

farmed catfish in the freshwater environment.

Aquaflor® is cumrently being used in Japan, South Korea, Norway, Chile,

Canada and the UK.

Y. )



INAD 8519

Environmental Assessment
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SECTION §

IDENTIFICATION OF CHEMICAL SUBSTANCES THAT ARE THE SUBJECT
OF THE PROPOSED ACTION

Florfenicol is the 3-fluoro derivative of thiamphenicol, which is a
chloramphenicol analogue in which ‘tbep-fnitrqgroup on the aromatic ring is
substituted with a sulfonyimethyl group. The structure and nomenclature are

presented be?ow, There are/thréé primary metabolites: the amine, the aicohol,

and the oxamic acid.

Chemical Name: . ([R-(R*,8*)1-2,2~Di¢hiaro~N-{a}(ﬂuoromethyl)-p»
hydroxy-p-[4-(methyisulfanyljphenyljethyi]-

- ‘acetamide
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Structural Formula:
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Florfenicol (SCH 252898)
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The physico-chemical characteristics of florfenicol and its major metabolites
have been determined, Tabie 1 (Appendix 1). Florfenicol has a molecular
weight of 358.21 with solubility in water of 1.32 g/l at pH 7 and a log K,y value of
0.37, the latter indicating little potential for bioaccumulation. In addition,
florfenicol has a melting point of 153.5 - 154.5°C. Florfenicol is a nonvolatile
solid and has a UV maximum at 224 nm. In view of these physico-chemical
characteristics, and those listed for the metabolites in Table 1, it is unlikely that
florfenicol, or its metabolites, will pose potential risks to the environment. This is
particularly true when considering locally elevated concentrations are expected
to be intermittent and of short duration. Environmental concems are generally
associated with materials of low solubility that readily adsorb or accumulate, but

compounds such as florfenicol that have substantial solubility with an extremely
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iow Log Kwwould not be expected to accumu!ate in bma m other

envnronmental matnces

Florfenicol and i‘tsmgtabaii{esf have mole;iuia:;wej@bts,which range from 69 to
89% of parent. Tﬁe solubility and 5K;,,differ The néétabaﬁtes are mérkedly more
soluble with reported soiubmﬁes ranging from 49 7 to >500. glL and as would be
expected the metabolites am maﬂcediy !ess hpophtltc (r e, have lower Kqy).
These facturs make the matab@htes even more- hke%y than ﬂotfemcol to enter
and remain in water and not partition to sadlmgm,pameies p;?gaccumu!ate in

biota.

The studies pertaining to environmental toxicity have been conducted with the
active ingredient, florfenicol, as well as metabolites. The aquaculture product

contains 50% (wiw) fiorfenicol. Inert ingredients include 47% (wiw) lactose

monohydrate as diluent and 3% (w/w) poyidme’.(péiwiny*pymﬁdme) as binder.

Lactose will be degraded readily in the fish and if any reaches the environment,
it will also be degraded readily there. Povidone (polyvinylpymolidone, CASRN
9003-39-8) is-a high- molecular weight, ih’iég:hlly, s'alub!e (ﬁ DQIL@ 20°C") polymer
that acts asa dlspersmg agent !t is a common mgfed;ent in pharmaceuticals.
Degradation would ummately be to low malecu%ar wewght subumts that could
undergo furtherN degradaﬂon. Thereforef ﬂ)asg exq:rp:e\ntsmtlnot be the subject

of this environmental assessment.

1 Chemindex.cambridgesoft.com

0027



INAD 8519

Environmental Assessment

Aquaflor® 50% Type A Medicated Article for Catfish
15 January 2004

SECTION 6

TABLE 1 Physico-chemical characteristics of florfenicol and
major metabolites
Principle Metabolite
Florfenicol
Amine Alcohol Oxamic Acid
SPAH Code No. SCH 25298 SCH 40458 | SCH 45705 | SCH 48057
CAS Number 73231-34-2 76639-93-5 NA NA
§;‘n'r;:f:' CizH1CLFNOSS | CroHiuFNOsS | CratheFNOsS | CiathaFNGeS
Molecular
Weight 358.21 247.28 305.32 319.30
Comparative
Molecular 1.000 0.690 0.852 0.891
Weight Ratio
Solubility, pH
7@ 1.32 >500 497 >500
Dissociation 1.99
Constant (pKa) NA 7.5 NA 2.03*
Partition 2.36 0.100 0.070 0.001
Coefficient (Kqow)
(Log Kow), PH 7 0.37) (-0.965) (-1.20) -3.0)
Density (g/cm®) 1.68 1.32 1.42 1.45

NA = Not applicable/available
* = With ionic strength correction

INTRODUCTION OF THE SUBSTANCES INTO THE ENVIRONMENT

The levels of florfenicol and its metabolites entering the receiving environment

will be dependent on the use-pattern of Aquaflor, the pharmacokinetics,

metabolism (in fish) and the environmental fate characteristics of the active

ingredient and its metabolites. The amount of Aquaflor applied including the

magnitude, timing, frequency and duration of application will be determined by

laYalaYael
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6.1

‘use-pattern, as speciﬁe& onthe label; camﬁin;eeimfthg;biolbgy of Edwardsiella

ictalun, the target bacterial species.

The role of use-pattern in §geteminingﬂgenv\ironme;n£al release

The frequency and txmmg of apphcat:on of Aquaﬂor are hmi:ted by regu!atlons
and biology. Aquaﬂor will: be reguiated under the: Vetennary Feeds Directive
(VFD) wh:ch requrres the pcesence of the d;sease ina populatmn to be
confirmed by an aquaculture veterinarian. Thguga;ts presg;npeda and the
medicated feed must be farmuléted in an:FbA certﬁiedfeed mill. The VFD does
not allow for prophylactic use. Aquz}éﬂor‘is the first aquaculture drug to be
regulated under the :VF D which, will result in miniﬁiizad ‘and::more controlled use -

of this and similar products.

In addition, the use of Aquaﬂor is hm:ted tempora%!y by the b:elagxcal
characteristics of the. target pathogen (E. mtalun) Smce the presence of the
organism and pathclog;cal effects are requwed fo ggt a prescnpuon the

application is hmnted to two narrow wmdcws of hme in the fall:(September /

October) and spnng (May i dune) Enteric septzcemla m c:atﬁsh caused by E.

ictaluri only occurs when the waters are between :20“0 and :\39"6 in catfish

ponds th;s happens only tw:ce per year !astsng appmxumateiy 30-40 days each

season- (Appendzx 2).

Florfenicol and its metabolites will enter the sediment in excreta. Both florfenicol

-and its metabolites will move into the water column through leaching from feces
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and by mixing of the aqueous phase of excreta into the water column. Nearly
all catfish feed is formulated as floating, extruded peliets. Unlike sinking feed
used in the cuiture of other aquatic animais, floating catfish feed has high water
stability and does not sink into sediments where it may become unavailable to
the fish. Also, fish-feeding activity is readily observed when fish feed on these
floating pellets. These characteristics, taken as a whole, mean that very little, if
any, feed is not consumed by the fish and little is expected to reach the
sediments. For the purposes of this assessment it is assumed that feed is 100%

consumed by the catfish.

Channel catfish (/ctalurus punctatus) are raised commercially in the
southeastern portion of the United States, mainly in Mississippi, Alabama,
Arkansas, and Louisiana. Approximately 97% of domestic catfish production
occurs in these states (Appendix 3). California and Missouri account for the
other 3%. The fish to be harvested for food are grown in large ponds
approximately 3.2 - 6 hectares in area and approximately 1 m in depth
(Appendix 3). The ponds are dug out of soil such that the water level of the
ponds is mainly below the soil surface and the levees of the pond are made
from the soil removed from the pond area. The ponds are filled and maintained
through pumping of surface or well water. To reduce water loss via overflow
and the release of effluent from the ponds, the water level in the ponds is
managed by maintaining a water level below the overflow structure of the pond.
A 20 cm storage capacity below the overflow leve! is recommended. In this
way, rainfall will not normally cause the ponds to overflow (Appendix 3).

Generally the ponds are built in areas where clay is a predominant feature of

~ -
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- the soil and therefore leakage from the ponds is- minimal (Appandsx 3). All of
these factors serve to hmntme release ‘of. ;:fond waterand any ﬂoﬁemcol—related

residues into the enwronment

Susceptibility oficatﬁah to enteric septicemia (ESC) gau;sadxby E. ictaluriis
dependent on production methods and previous ‘e@gﬁosx;gr‘éﬁ,c}f the fish to this
pathogen. The culturing of catﬁsh starts in brood ﬂshpandsthh the production
of eggs. To max:m:ze eigg@g/mduction,k the brood fish are kept at a low density
and a low stress.level. 'Fhi,s‘;/nﬁinimizes the -pot}entialgq i‘nfeéﬁans. -Also, since
the brood fish are older ftsh they most !ikeiy;have}peenéxpgsed previously to
the disease and are therefore possibly less susceptible to subsequent infection
under the condmons in the brood ponds. Bmod ponds censt;tute about 1.2% of
the total area of catfish ponds (Appendix 3). lt is unlikely that florfenicol wouid

be used in brood ponds; :

¥

F-”cnger!ingé‘;;fe rai\sedufrom‘geggs duﬁngﬁbéut;aﬁjégmqﬁm period from the spring
of one year to the spring ~of«the? next year.: Fing:erﬁn’gsbeiﬁfg boih. naive to the
disease and under m)zduan@n condmons -of high density are the stage most
susceptsb!e to infection by E..ictaluri. The most hkeiy time: for this infection to
oceur is in the autumn of the first year (mwSeptember to.mid-October) and to
some extent in the se,cqndfsgring (mid-Aprii;ftQEtét@'Mayéwhm&ewater
temperatures become conducive ?or ESC (Appendix 2). The fingerlings will
therefore be the fish.most likely to be treaiad wﬁh florfenicol. The fingerling
(nursery) ponds are dramed each year tofacilitate harvestmg of the fish. The

harvesting usually occurs.in the spring be;qre‘.tha,zppt{er;tia!gfcr infection with
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enteric septicemia and the fingerlings are purchased for the stocking of
production ponds. The fingerling ponds take up approximately 13% of the total
area used for catfish production and are mainly located in the lower Mississippi
River Valley where water temperatures and water supplies are less subject to
variation and therefore better suited to the fingerling production (Appendix 3).
Limited fingerling production also occurs in areas of Mississippi and Alabama
where the water source is surface water from a watershed. Since runoff from a
watershed is greater than the volume of rainwater falling directly into ponds, the
overflow volume from watershed-type ponds is greater than for levee-type
ponds supplied with well water. Thus watershed-type ponds provide greater
potential for dilution and dispersion and; therefore, levee ponds are used as

worst-case scenarios in this assessment.

In production ponds, the goal is to raise the fish to market size weight in the
shortest period of time. This usually takes about 6-12 months of additional
growth after the fingerling stage but is variable depending on weather
conditions, water quality, growth rate characteristics of individual fish within the
fish population and the preferred market weight of fish. Most production ponds
contain fish of various ages and therefore sizes. Fish are harvested by seining
on a “continual” basis, 1-3 times a year. Fingerlings are added each year,
usually in the spring, to make up for the amount of fish harvested the previous
year and any losses. Larger fish in production ponds could also become
infected, but the likelihood is much less than in the nursery ponds since the
recently added fingerlings, and these older fish in the ponds, would likely have

had some previous exposure and hence acquired some immunity (Appendix 4)

10
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to E. ictaluri. This would sefrléé o reduce the ;ﬁﬁ’ssib‘iﬁiy;of}mfeicﬁon and to
dampen the spread of any infection. Catﬁsp gonésxare’émagaaiged so that waste
inputs (fish waste: products-and orfgaﬁiéjma‘t;en produced by.algae) do not
exceed the capacity of the pond miqmbiaﬁzwmmuniéy*td assimilate those
wastes. This allows the.pond to be used for years at a time without
‘accumulation of nutrients or organic matter in either the water column or in the
sediments. From the standpoint éf the envirchmenia! »aﬁfecsts',eof Aquaflor, the
most im‘portaﬁt aspect ofyttﬁsz“bqi‘amedf‘eée:syste&%‘ is that ér@anic- matter
derived from fish feces does ho!'accunwiét‘e in sediméms b‘ecause ‘organic
matter decomposition is\'con%ﬁnuoixs; even in winter. | A\On average, production
ponds are dra‘ined.e\le,r;ysj;a yeéré when the pond boﬁam «a\'n&lor,levees require

" renovation. At those times the pondbot’tdni ’is‘:yle"\i\e{evd and the soil used to

rebuild eroded Ie{(e‘es,

Therefore, in the Gatﬁféhr growth cycle, fingerlings :’during:théir ﬁrst autumnin a
pond are the most suscepttble to ESC and as a resutt wouid be most likely to
be treated at that time and to some extent in the fot!owmg spnng After
exposure the catfish are less likely to be infegtefdf%ja"g*aina ?f’tfiefafore; the major
use of florfenicol would be in the nursery ponds rather than the brood, stocker
or food fish production ponds.  Although much smaller pond acreage is
dedicated to fingerling production (13%), the use of Aquafior in fingerling ponds
represents the “worst casé(légenarib”./ The ihcideﬁce/of’ bacterial diseases is
highest at this stage of brpciﬁction and fingeriing ponds are ’di;ainfed annually.

Fingerling pohds will be emphasized throughout this environmental assessment.

11
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To be conservative the worst-case release scenario will involve draining of a
fingerling pond 14 days (the minimum pre-harvest interval) after the last of

10 daily applications. This allows a 14-day observation period to detect any
reoccurrence of infection in the population (see subsequent discussions).
Harvest requires repeated seining over a 1-3 month harvest period. This
scenario will result in the maximum amount of water potentially released after
the minimum timeframe following application. This is the key exposure scenario
used in this assessment, but other scenarios involving production ponds will

also be incorporated into this assessment.

The target dose to the fish is 10 mg/kg for 10 days for a total dose of 100 mg/kg
of fish. The concentration of florfenicol in the feed is adjusted based on the
feeding rate of the fish. The total amount dosed to a pond is determined by the
biomass of fish in the pond. Feeding rate is only used to determine the FFC
concentration in the feed. The dose rate to fish will be 10 mg/kg/day. The
biomass of catfish in a pond depends on the number and size of the fish in the
pond. The biomass is usually estimated from the stocking density, food

consumption in the pond over a period of time and the temperature of the water.

In fingerling ponds, the biomass in late fall would be around 3000 - 6000 Ib of
fish/acre or 1364 - 2727 kg/acre or 3370 - 6738 kg/hectare at 2.21 Ib/kg and
2.47 acres/hectare (Appendix 3). At a total dose of 100 mg/kg of fish, 3.4 x 10°
t0 6.7 x 10° mg of florfenicol would be dosed per hectare of pond. The
subsequent discussion regarding pharmacokinetics (Section 6.2, below) shows

that florfenicol and related residues are rapidly and completely excreted. The

12
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environmental fate discussion (beiow) :shéws that 'iﬁa;pérem ﬂaﬁeﬁicol and the

related residues will partition to and.remain in water.

In production ponds the biomass will :aisoafbeﬁaepemde%ﬁi up,m when the larger
fish had been hawested Just prior to harvestmg in the fall, the biomass level of
the fish could be as hlgh as. 10, GGO Iblacra ina gwen pand (Append;x 3).
Although ona farm the average b:amass in: the pond wouid be more.in the
range of 6000 7000 Iblacre. If 10, OQG lblacre were used ihe biomass of fish
would be 11,200 kgiheotare wh:ch if treated W|th ﬂorfemcol, would resultin 11.2
x 10° mg of ﬂorfemcol belng admmastered per hectare The predxcted
concentration in water and .sedlment would ranggfmm;“t 11- 1 12 ppb in water
and 11.2 - 30 ppb in sediment based onfythe"Ka values of 0.41 and 0.27,

respectively.

'In all cases, the coﬁ;ientréﬁéns given above in sediment /and“wéfer are
assuming that florfenicol isléiéret,eq unchanged. As discussed later, extensive
metabolism occurs in fish species treated:with florfenicol. Also, it must be
remembered that the ‘pattitiéningpf ﬂbtf‘e@\icct"bem‘ejn sediment and water is
an equilibrium situation, soif the concentration in one compartment decreases,
florfenicol will equilibrate fmmtheother*cémpértmem Baséed on metabolism
and fate data; the concentration of florfenicol and its metabolites in the

environment will subsequently be discussed. -

As an enclosed aquaculture system, the catfish ponds do not represent the

ambient environment and are not of environmental.concem. However, any

13
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6.2

overflow or release of water (draining) from the ponds into the general

environment is of concern and will be the focus of this assessment.

Pharmacokinetics of florfenicol

Florfenicol is readily absorbed, distributed, metabolized and excreted by
vertebrate organisms specifically fish. There is a body of scientific evidence
characterizing the pharmacokinetics of florfenicol in fresh and saltwater
salmonids. The results of this work are similar to results of studies with
mammalian species e.g., cattle (NADA #141-063), swine (INAD #2729) and
Poultry (INAD #2609). The results of this work are considered directly relevant

to other fish species such as caffish (Appendix 12).

Using various routes of administration (intravenous, gavage, and dietary
exposure) and a range of study designs, the following results demonstrate a
consistent pattern of pharmacokinetics in trout and salmon (Appendices 5-10).
The florfenicol-related residues observed included the parent florfenicol and
three major metabolites (florfenicol amine, the alcohol, and the oxamic acid) and

conjugates (e.g., glucuronides) of parent and metabolites (Appendices 5-10).

Radio-labeled florfenicol administered in feed to salmon has been shown to
have a bioavailability of 96.5% and 99% (Appendices 5-9). The uptake into
tissues is rapid with radioactivity being detected after three hours in tissue and
urine, the latter indicating rapid elimination (Appendix 7). The main routes of

excretion are via bile and urine, the levels in bile and kidney peaking at day

14
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three. The metabolism and }depwjatién qf’;ﬂéifiénigqtaré such that half-lives of
"30 to 35 hours have been found fer all organs; exe:ept kidney,; following
administration of a single dose (Appen&ix 7). The total ie,siﬂ&ale#e!s were
below the levels of detection'in muscle, blood, brain énd fat 28 days after
administration but remained at low levels for up'to 56.days in the kidney. In
multiple:doseiistudies,/halfeﬁms, of 25, 34 and 21 hours for florfenicol and 64, 92
‘and 198 hours for the ;amiﬁéflmetabome were determined for muscle, liver and
kidney respectively (A;Speni;ix 8). In thes’e;smdieskthe amine ‘metabolite was
detected and was generally found at lower leveis than the parent compound\in
the plasma. When ‘administered: mtravenously the half-life was determined as

12.2 hours (Appendlx 11).-

Gavage studies with salfm‘t: show that while the parent compound and amine
metabolite represerit 90% and 7%, respectively, of the residues in muscle at 6
hours post dosing the relative respective proportions were 20% and 70% after 3
days, indicating rapid metabolism (Appendix 7). ('Th:evrasulﬁ» i’ndicatéd that the
florfenicol was well absorbed, excreted rapidly in bile, feces and urine and
rapidly metabolized to florfenicol amine with ﬂprfenig:af:fawai and oxamic acid

being present as minor metabolites.

In residue depletion gtudiés with salmon dosed orally with C-labelled florfenicol
and held at 5°C and 10°C extensive meta{bolism was recorded (Appendices
and 6). Florfenicol and its alcohol, oxamic acid, monochiore- and amine
derivatives were identified together with a number of unidentified moieties,

some of which were chromatographically similar to the glucuronides of the

15
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alcohol, amine and parent compound. Concentrations of the metabolites,
florfenicol amine and florfenicol alcohol, increased relative to florfenicol and
accounted for the majority of the residue at later time points. However, analysis
of a composite sample starting at three hours and stopping at 15 days and
encompassing the major period of residue excretion, indicated that florfenicol
was the major residue present. Including its glucuronide, it would constitute
about 40% of the residue. All other components were less than 20% of total

residues (Appendix 5).

These florfenicol-related residues were found to be present in the tissues, bile
and excreta and it was concluded that the metabolism of florfenicol in fish was
similar to that in cattle and other vertebrate species (NADA #141-063, INAD
#2729, INAD #2609) with florfenicol being metabolized through the identified
intermediates to florfenicol amine. These fish were dosed using the standard
treatment pattem, but with radio labeled florfenicol included on the last
treatment day. The highest concentrations detected in feces were equivalent to
56.9 ug, and 53.8 ug florfenicol equivalents per g of feces at 5°C and 10°C,
respectively (Appendices 5 and 6). These peak concentrations were found at
24 hours and 12 hours at 5°C and 10°C, respectively, following the end of
treatment, decreasing to 0.023 and 0.01 ug/g by day 60 (Appendices 5 and 6)

indicating that florfenicol-related residues were rapidly excreted (Appendices 5

and 6).

In rainbow trout an elimination half-life of 8.8 hours was determined following

intravenous injection at 10°C (Appendix 10). Following oral intubation at 10°C
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and oral administration of medicated feed at \1a/°c bioavailabilities of 73.9% and
66.3%, respectively, wére@e?}enﬂined for rainbow trout:(Appendix 10). The
residue levels in the %piaslfﬁa of trout fed médi&atadéfaéé treated with florfenicol

at 10°C were found to be‘reduced by more than ten-fold relative to the peak

After 8 days following the iast dosing, the xressduesffm the muscle and skin taken
from the same fish were reduced more than ten-fold re!atwe to the 12-hour peak

concentration (Appendix 13).

Catfish. are expected to have similar phama@akinéﬁés té salmonids, and other
vertebrate species. The available data indicate that the pharmacokinetic
distribution pattems for ﬁarﬁemcol in rambow traut and sa!mon are samﬁar
\although the trout had !owar rates of absarption and shorter elimination times at
10°C. ‘Fhat the metab\ohsm should be similar.in gtmqn;gnd trout would be
expected as:t has been faund thatthe métabpﬁc:d;’eﬁgca@aﬁpn of florfenicol in
cattle, rats and salmon are similar with the t‘idff:eﬁniggipﬁejng;dggraided to either
the alcohol, oxamic acid gr:mnnochloro-ﬂbnfenicpg:rasiﬁués;»befom being further -
metabolized to florfenicol amine (Appeﬂdix;@f); ’{hg;;améa*bt{_ simiiar fmetgbelism :
and kinetics are expected,ingcatﬁsh as well. Th’e‘géimil‘ajm‘:y §n~metabo!ism
among fish species.is fur;hgg _s;;;éportgq~ by ;he' simi;*at withdrawal times, i.e., 12

days for catfish and 15 days for saimqhidg.

- The pharmacokinetics in the target species (fish) is the key route of release of
florfenicol-related residues to the en\?ironénent Therzprincfptfe route of release of

these residués is'as excreted material including parent florfenicol, metabolites

17
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SECTION 7.

71

and conjugates. Consumption is assumed to be compiete and due fo the high
bioavailability, absorption is high with only a small amount of florfenicol being
excreted unabsorbed. Further, clearance of florfenicol-related residues is rapid
following single or multiple exposures limiting the magnitude of the potential
environmental release of florfenicol and florfenicol-related residues to pond
water occurs. Finally, these residues are released only from treated fish into the
water of culture ponds and release to the ambient aquatic environment occurs

only intermittently through overflow or release of pond water upon draining.

FATE OF THE EMITTED SUBSTANCES IN THE ENVIRONMENT

The fate of florfenicol in the environment has been discussed in detail in support
of its use in cattie (NADA 141-063) and to support its use in salmonids. The
results of those studies and additional studies relating specifically to this
proposed action will be discussed below. The effect of these fate
characteristics on the concentration of florfenicol-related residues in the catfish

pond environment and their PEC values in the pond effluents will be discussed.

Fate of florfenicol in water

The fate of florfenicol in water is determined primarily by the physicochemical
and environmental fate characteristics. As discussed above (Table 1) florfenicol
has a substantial solubility in water (1.32 g/L at pH 7), and a very small log Koy
(0.373) (Appendix 1), indicating that it will not partition to organic material (i.e.,

soils, sediment, suspended solids, or biota) but as a result of equilibration or
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- direct input (i.e., excretion from catfish) ,Wili enter'and remain in the water

column.

Table 2 _Photolytic hﬁf-llves of ﬂarfenieai and. m@f metabektes

/ ; 1 Oxamic
| Frortenicor a':g': ‘“5,“"9‘“" acid
, ) olwe Mef ﬁtaﬂ . .
: | Metabolite |
‘SPAH Code No. - | SCH 25288 - S’GHW as &@F’Mﬁ?ﬂ& SCH 48057
pH5 ‘ NA INSR 12244 24.54d
pH7 =~ - _INA - 1412d - 1.21.0d ~ . 1479d
pHO ‘ : '94.84d 514d: 22311 23.9d
Synthetic humic N \ ‘ e Sl
water ’ L 1904 NA. . NA NA
Pure water [173d  INA - |NA [ NA

>'NA Not applicable/available
NSR = No significant regression’

(Florfemcol is hydmlyucally sxabie Based upon dark cantm!s m a photolysis
study the hydrelytsc haiHife is. 350 days (Anpendlces 14~13) Hydrotysls is not
an. mportant fate pmcess Th:s campauad does not undevge raptd photolysis in |
water (Appendxces 14-4 5) Huwever, its' mezabolﬁea do phat@degrade in water
atpH?7. The half-lives range from 21 to 48 days (Table 2). Photodegradation
could occur ina catﬁ’sh pond because tha res*dence time‘ of ﬂerfemcol in water
would be !ong and under strang sunllght chever phetoiysw is not generally a
sxgmﬁcant route. of degradaﬁon ina system such as a catfish pond with low light

penetration. .

Florfenicol has a density of 1 68Agm'/cm3 (Appendix . xts‘Koc ranges from 10-
27. This is a very low value for Koo and mdfcates that ttwﬂl preferent;auy be in
the water rather than in sediment or assoczated with suspended particles and

would be considered highly mobile in soil or se;!iment. (Appendices- 19-22).
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The properties of florfenicol and its metabolites are given in Tables 5 and 6.
The metabolites are more water-soluble than florfenicol and have a lower log
Ko (Appendix 1). However, the two ionizable metabolites, the amine and the
oxamic acid metabolites, have higher K, values of 202 and 130, respectively,
indicating a somewhat higher potential for partitioning to sediment compared to

florfenicol. The alcohol is similar to florfenicol (Appendix 21).

Table 3 Sorption/desorption characteristics of florfenicol and
major metabolites determined in three soil types with
CaCl;
. Oxamic
. Amine Alcohol -
Florfenicol . . acid
Metabolite Metabolite Metabolite
SPAH Code No. SCH 25298 | SCH 40458 | SCH 45705 | SCH 48057
% Sorbed 2-10 23.9-39.9 1.3-8.2 7.5-43
% Desorbed 79-93 86.3-99.8 85.6-161 65-172
Ky 0.07-0.59 1.56-3.35 0.07-0.45 0.41-3.78
Ko range 10-27 162-241 7-76.5 36.4-642
| (geom. mean) (18.38) (202.28) (20.16) (130.40)
Mobility Highly Partially Highly Moderately

The data summarized in Table 3 shows that parent florfenicol is highly mobile in
soil and is not likely to sorb to soil or to remain sorbed to soils or other matrices
such as feces. For the three metabolites, the K, values may be somewhat
higher, but all of the florfenicol-related residues appear to have a very low
potential for associating with organic matter. All florfenicol-related residues
show an even stronger tendency to migrate away from organic matter as

indicated by desorption data (Table 3).
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Aerobic biodégradaﬁcn?"a ﬁbrfemcql in water has not been established by a
guideline study, due to flaws in tbé’de”sigiz# ofnumemusemstmg studies
(Appendices 23-25). Tes;t concentrations exéee@éﬂ%knomxinhibﬁory

 concentrations; therefore the results canhot be interpreted.: There is, however,

-a body of evi;dence:, -which shows that florfenicol is rapidly biodegraded in soils

- in sediments (Appandices %zé-éze), gnd iﬂ“é syntheuc sgéwater éystem (Appendix
29). These studies 'prov,idéthé basis ier:é weight-of-evidence argument that
biodegradation of florfenicol-related residuﬂes:;qéentzs;aéd is \é'sfgniﬁcént process

in aquatic systems.

A study has been conducted on the degradation of florfenicol in synthetic
seawater containing séng;gt anmmalco;xcemraMn féfi 3 mg/l. (Appendix 29).
Bacterial growth inhibition was employedia\se a’ b;oassay \‘ Withih/one day, there
was already a 31 - 38% loss of activity: There was an 82 - 93% loss over 31
days. Antimicrobial éetivity was reduced-by SQ% m ,a;nprjeaﬁm’ately four days.
The absence of sediments in some incubation media resulted in a reduced rate
of loss of activity, parﬁculﬁéﬂy when the incubation gvesset was shaded from
direct sunlight. Based on the resu&ts of this study, ﬂerfenml is predicted to
degrade rapldly in natural water- -systems. fo produckalackmg anhmtcrobtal
activity. These results are further supported by the resuits: of degradation
studies in soils supp!ementﬁﬂ Mth-,excreta (Appa,n{;im 26) and the loss of
florfenicol from marine sediment ~(Appegscgice$:g7 and 28), . (se,e Section 7.2,

below).

2 FDA 3.11/0ECD Ready Biodegradation, CO, Evolution Test.
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This work is supported by the observation of the amine metabolite of florfenicol
in sediments spiked with florfenicol and placed in a natural marine system
(Appendices 27 and 28). The susceptibility of florfenicol and related residues to
microbial biodegradation is confirmed in a GLP soil degradation study (Appendix
26, see subsequent discussion). Finally, soils from earthworm and plant toxicity
studies show that degradation occurred during the tests. Taken as a whole
these studies indicate that relatively rapid degradation in water should be
expected. Finally, dispersion and dilution in receiving waters are important
processes in reducing the environmental risk potentially posed by florfenicol-

related residues in waters outside the catfish ponds.

Fate of florfenicol in soils, sediments and excreta

Studies on the adsorption and desorption of florfenicol and metabolites in three
different soil types determined that florfenicol was generally classified as highly
mobile, while the metabolites were less so and classified as moderately to highly
mobile. These results are summarized in Table 3 (Appendices 19-22). K; and
Ko values were determined to be 0.07-0.57 and 10-27, respectively, consistent

with the low sorption characteristics.

In a study on the decomposition of florfenicol in chicken excreta suspended in
water it was found that, at 37°C, 80% of the florfenicol had degraded by day 14
(Appendix 30) (Table 4). From the reported values an estimate of the half-life of

ca. 10 days can be made in the presence of chicken excreta.
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Degradatuon and mmerauzation studies af ﬁorfenwel added at an initial
concentration of 0.05 mg/kg, to mrge/squ,;typg&am:ended with manure
demonstrated that~minéraﬁggﬁdn was extensive with mineralization half-lives
ranging from 86 to 270 days (Appendix'26) and a mean vajue of 158 days at
22°C. Primary degradation, or transfonnéﬁon; qf‘ihé florfenicol was
considerably hu,ieker/?andxmiy 2.6% to 9% of the ﬁarfemcmcould be recovered
at the end of the 92-day study. Half-lives of 3.6 mz‘i 2 days were reported in
this study. Cpnsewaﬁvely; gijas“ed,an this;data‘,r;a :hafif—;ﬁfe of:27.2 days is taken
for florfenicol in ,sailé«incajcﬁiaﬁcns\of :egnvimif@mjem;;a!: concentrations (Appendix
26). While dégradation» products appeared in thecraurse of the study they did
not accumulate. On this basis the same Eiaif&it}eihaﬁ ‘been édbpfed for the
deg;adaﬁon metabqiites. “While must'udy hasbeen undertaken on the
degradation of florfenicol in manure alone it is considered unlikely that the
degradation rate Awmild be zlgwer»:ih manure than in soils m giew of the microbial
' biomass associated with excreta. This should ensure that the half-iife of
florfenicol in excreta is no m&x&m thatin maﬁuéé’aménﬁgled soils, unless the

levels of florfenicol in excreta initially inhibitthe microbial activity.

in studies on the toxicity of florfenicol to worms and plants the concentrations of
florfenicol in the soils were determined at the béginaing/?and( end of the
respective 14 and 21 day exposure periods (Appendices 31-33). The analytical
results indicate that the levels of florfenicol in the sqiis ‘égt&the end of the studies
represemed: 1‘6%,;ca; 34.6% and 67.2% of those fmiﬁatiy Adefiec:t‘ed:in the plant
studies at initial nominal cmmemfations of 1, 10°and 100:-mg/kg respectively

(Appendices 32 and 33). Inthe worm stuqy:ﬂfief final ceﬁcﬁgntx:aﬁon represented
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87.5% of that detected at an initial nominal concentration of 1,000 mg/kg
(Appendix 31). Based on degradation following first order kinetics then the half-
lives at initial concentrations of 1, 10, 100 and 1,000 mg/kg, would be ca. 8, 14,

37 and 73 days, respectively.

in studies on the persistence of florfenicol in marine sediment systems the rate
of loss of florfenicol, and the amine metabolite, indicated their potential to
undergo transformation and elution from the sediments. A dissipation half-life of
5 days was determined based on elution and degradation. The amine
metabolite measured in deeper segments was found to persist for longer than
the florfenicol. This is most likely due to it being a degradation product with a
higher Kyo/K, (i.€., absorption potential), and somewhat lower mobility than the
parent compound (Appendices 19-22). The detection of the metabolite at the
first sampling point indicates that the microbial flora of the sediment was able to
degrade the florfenicol at concentrations between 1 and 50 mg/kg. In a
subsequent publication where the persistence and impact of a number of
antibacterial agents were examined half-lives of 1.7 and 7.3 days were
determined for florfenicol at the two depths studied, 0-1 cm and 5-7 cm
respectively (Appendices 27 and 28). While it is possible that the more rapid
reduction in concentrations in surface sediments was contributed to by greater
wash out of the florfenicol at the surface, the appearance of the amine
metabolite demonstrates that degradation was occurring. The degradation
and/or washout indicate that florfenicol and its metabolites are unlikely to
accumulate in sediments. This finding concurs with the results from soil

systems and predictions based on physicochemical properties. It is reasonable
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to include dissipation da\tzs!fiﬁ1 this assessmeht.ﬁ is particularly relevant, with

episodic and intermittent uses where dilution and éagrada”i}en are both expected

to occur.

Existing biodegradation data from a range of studies :gﬁg;étt@yidesigns are

summarized qualitatively in Table 4. As discussed above the reliability of these

studies ranges frgm GLP soil degradaiiom ,gtqdieg,%ppfend;@;zs): to unique

experiments with a lower tkegvkei of dpcumehtaﬁbn:(&pbméig 29). Due to the low

 reliability of many of these studies and the lack of delineation between

dissipation and degradation tﬁe half-life of florfenicol aerobic biodegradation are
difficult to qugntify. However, in all these rstuaie;s from :maéhte amended-soils to
marine sedirrjents rapad d/efg:rada\tionldislsfp«at@:pnllos‘éoffac;:t;“;vift;y is consistently
obsefved Conservatively an estimate of»bio&egfada’tion hétf*iife in aquatic
systems (water) is estamated to be 30 days: based pnmamy on the 27.2-day half-
life in manure-amended soil and. supported qualstatweiy by the remaining

studies discussed above and summarized in Table 4. T;hss 30»day half-life will

be used in refining the water PECs and. wallstress the conservative nature of

this half-life.
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water, soil, and sediments

Table 4 Summary of florfenicol degradation/dissipation studies in

Study Reference Matrix/System | Environmental
Half-Lives
Aerobic Appendix 26 Manure amended | Half-lives ranged
Biodegradation in soil from 3.6 to 27.2
manure-amended soil days
Persistence of anti Appendix 28 Marine sediments | Dissipation half-lives
bacterial agents in of 1.7 and 7.43 days
marine sediments at 0-1 and 5-7 cm,
respectively
The decomposition Appendix 29 A sediment water | 50% loss of anti-
characteristics in system biotic activity in four
seawater days
Acute toxicity to the Appendix 33 Bioassay soil (14 | Half-lives for initial
earthworm day earthworm concentrations of
study) 1,10, 100 and 1,000
mg/kg are 8, 14, 37
and 73 days,
respectively.
Florfenicol: Appendices 31 and | Bioassay soil (21 After 21 days 16%,
Terrestrial plants, 32 day plant study) ca 34.6% and 67.2%
growth test remained in soil
treated with 1, 10
and 100 mg/kg,
respectively
Diluted chicken 30 Diluted chicken 80% degradation in
excreta excreta 14 days @37°C

7.3 Predicted environmental concentrations

7.3.1 Water

The persistence and levels of florfenicol, and its metabolites, in the receiving

environment (i.e., outside of the catfish ponds) will be dependent on the

quantities administered, the proportion consumed, the proportion excreted as

parent compound and as metabolites, and the partitioning within the pond

environment and the volume, frequency and timing of water released to the

receiving environment. While there is extensive metabolic degradation of

26



INAD 8519 ‘ , Aquaﬂor@ 50% TypeAMedacated Aticle for Catfish
Environmental Assessment ﬁ i . \ 15 January 2004

florfenicol in the treated fifsﬁ,[the resictenéeel'iaif-ﬁfé'inm fish is short, see
~section 8. For ﬁ',te*purpos,@(éf this assess,meﬂt{aﬁieﬁdremejmrst-case scenario
will be presented:in that the initial degradation in;ﬂf?afiﬁs‘ﬁfis discounted by “
considering all florfenicol-related materials reaching the environment as
unmetabolized florfenicol {gérant) aithougfh}tﬁé}m:étgbpﬁ&m in fish is extensive

me b o §58 e v st nm win et SL "B 2 e

gt I_.- u - R . T R Y R Y 11
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o

Florfenicol, which :s prinbip‘aliy in the watér7cqlumqof;ci:atﬁshgponds; enters the
receiving aquatic environment via pond ,draihing joriévemd;w :;e;uiﬁng primarily
from rainfall. Two sc:,fenar\ié"s@aref@nsjderiedin ftﬁisfas$eS$%1§nt one -
representative of a worst-case release of j-ﬂbrfeniédl&reﬂfamt residues, i.e.,
fingerling ponds, and a more typical release of reszdues i.é‘,;}evee production
ponds. Scenario | invofves fingeﬂing ponds, whrchreprasent a worst-case
release of ﬂoﬂemco%-related res:dues mto recewmg waters These younger:
stages of catfsh are more suscept:b!e to E :ctalanand are more likely to be
treated with Aquaﬂar In aeidmon ﬁngeﬂmg pends are dramed more frequently
(annually) aliowmg for potentially greater ‘{elegse{wm@a shorter period of time.
Although, ﬁ”ngeﬂing ﬁonds mayipfweg\.eﬁt:mg potential for the highest rate of input
of florfenicol-related residues to receiving waters.it feprgsgnts only 13% of the

total pond acreage of catfish production (Appendix 3).

Scenario 1l involves production ponds, which vepggwntvg\iaw potential for
release of florfenicol-related sﬁeéidues,; but a. much. ﬁigher'pmpdﬂioh of the total
acreage of catfish ponds. Production ponds are not drained but every few

years (an average of over six years) for pond »maihtgnance; Levee ponds are
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7.3.2

emphasized in this scenario, because watershed ponds having a similar

(possibly slightly higher) potential for treatment have greater annual effluent and

therefore greater potential for dilution of any released fiorfenicol-related

residues. Levee ponds are fess frequently treated than fingerling ponds. The

latter is partially due to previous exposure of some portion of the population in

production ponds to E. ictalun and a lower susceptibility of older fish.

Scenario I: Fingeriing Pond

The underlying assumptions for calculating potential releases of florfenicol—

related residues from fingerling ponds are listed below followed by calcuiations.

Assumptions: [nitial PEC Calculations

A 10 acre pond, 1 m in depth

Density of fish ranges from 3,000 to 6,000 Ib/acre

Treatment 10 mg/kg fish/day for 10 days or 100 mg/kg fish total
application

Pond is drained 42 days after the last (10™) day of application.
Food pellets are 100% consumed by catfish

1 acre = 4046.86 m*

1 hectare = 2.47 acre =10,000 m*

1 hectare, 1 meter in depth = 10,000 m®
1kg=22Ibor1b=0.45kg

Calculations:

1.

2
3.
4

10 acres 1 meter deep = 40468.6 m® 1 meter deep or 40468.6 m°

. 40468.6 m® x 1,000 L/m® = 40,468,600 L pond volume

6,000 Ib fish biomass/acre x 10 acres = 60,000 Ib fish in pond

. 60,000 Ib fish x 0.45 kg/lb = 27,000 kg fish/ in pond (10 acres).
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5.. Treatrhent, is 100 mg florfenicol/kg xié?»,ﬂ(?makg‘-ﬁjsh"w 2,700,000 mg
ﬂorfemcol | . |

6. 2, 700 000 mg ﬂorfemcoll40 488; 600 Lin pand 0. 067 mg/L

7. Initial PECW as‘o.ooﬁ? mg/L. for ﬂt}genng ,pands,.’

This preliminary PECWOfOOOW mg/L. reérésemts the p&ak: worst-case
concentration of florfenicol-related residues in fingerling pond water. This
assumes 100% of the ﬂoxianicokréiatedarésidi}és >(f{orfénic§¥ and metabolites)
are in the water cotu;mn; none is partitiona;drtolsediaﬁent, -and-none is remaining
in the fish (at 12 days post final treatment). Based on HPLC profiling of bile, the
main components of the residues that will be excreted are florfenicol (41.3%),

florfenicol amine (2.12%), florfenicol alcohiol (10:37%), “arsd%ﬂo/rfen;coi oxamic

acid (4.1%), but for the purposes of this assessment aﬂ ftorfamcol-related

residues will be ccns;dered as ﬂoﬁemcol Tms assumes mat no degradatton
occurred to any of tha res:dues over the 10~day traatment penod and a 12-day
excretlon penod or pre—hawest mtervai A refmed wnrst-case P’ECWar (Scenario
l) includes consnderamns af addmonal enwmnmental f‘ate prosesses

(blodegradatzon) difution and dsssxpatlon (see Sectmn 7.34 below)

Scenario li: Production pond

Assumptions: -

A 10 acre pond, 1 m.in depth

Density of fish is appreximately 11,200 kglhectare

Treatment 10 mg/kg: f‘shiciay for 10 days or 100 mg/kg fish total
apphcatxon A

Pond is dramed 6 months after the treatment

Food pellets are. 100% consumed by catfish -

1 acre = 4046.86 m°

1 hectare = 2.47 acre

* @ o
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o 1 hectare, 1 meter in depth = 10,000 m®
1kg=2.21bor1lb=0.45 kg

Calculations:

1. 10 acres 1 meter deep = 40468.6 m> 1 meter deep or 40468.6 m®

2. 40468.6 m’ x 1,000 Lim® = 40,468,600 L

3. 11,200 kg fish biomass/hectare x 0.405 acre/hectare 4534.4 kg/acre

4. 4534.4 kg/acre x 10 acres = 45,344 kg fish in 10 acres total biomass

5. Treatment is 100 mg florfenicol/kg x 45,344 kg fish = 4,534,400 mg
florfenicol

6. 4,534,400 mg florfenicol/40,468,600 L in pond = 0.112 mg/L

7. Preliminary PEC e is 0.112 mg/L for production pond water on the last

day of treatment.

This preliminary PEC.aer assumes 100% of the florfenicol-related residues
(florfenicol and metabolites) are in the water column, none is partitioned to
sediment, and none remaining in the fish at 12 days post final treatment. A
refined worst-case PEC,..r (Scenario Il) includes considerations of additional
environmental fate processes (biodegradation), dilution and dissipation (see

Section 7.3.4 below).

Refined PEC.a.r Values

In Scenario | above the initial PEC,ter value of 0.067 mg/L is a worst-case peak
concentration in the water column of fingerling ponds. These ponds represent
only 13% of the total acreage of catfish ponds, but because they are drained
annually fingeriing ponds represent 30 percent of the annual discharge.

Furthermore, the conservative scenario being employed includes the initiating of
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the harvest ef ﬁngerlmgs 14 days after. the iast day of Aquaﬂm treatment A

period of up to 14 days is included: to abgewe for maccun'eme of ESC.

To refine this init@glwprigt@ésevPEC value de;gradaﬂiicd, dissipation, and dilution

must be considered. Degradation of 30 days in water and sediment will be used

as discussedf~abové>\f(3jé¢ti6n 7.1 above). ~Fihgﬁ_éﬁirfg pandsare harvested by

seining over a 1 tQ §:m§éﬂi;peﬁod (Appendix.2). The pond-is drainéd at the-end
of the harvest period. YBa’sédaonfé 14 day fgec;i@d mgbsewahon for

reoccu&ence; and 3&days réffharve'st activities draining womé oceur no less than

44 days after the jasiiréa;tiaent> A waterccént;e‘mrf‘aéﬁonvéf 0.067 mg/L degrading

with a 30-day half-ife for a 42-day period of time yields an estimated

concentraiion (PECuaer) of00268 mg/L. if this. lsthendﬁutea 1:10 into

receiving waters then the refined PE% tsOGOZ@B mg/L. (See Table 5,

below).

The refined PECiyae for inéé production Zpéqu Amuétir'\icludé;: consideration of
ponds managed to conserve water or hctﬁmaﬁa_gé;df in this respect. In the
former case the level of the pond is Maintainé;éagbgigﬁ full é\agaci’tyv(e.g.,
sufficient to retain a oo™ pef;centi!e fainfal&!bevefnt) intheiaiter case the pond is
maintained at a leyel’ that éi}ows dverﬂowéivéltimé"e’sseﬁtia’ﬁ};y fequal to any

rainfall event.
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Table 5 Refined PEC,..r values for different scenarios

Scenario Pond Type Assumptions Refined
PECwater
Scenario | Fingerling Ponds | Drained 42 0.00268 mg/L
days®after

treatment, and a
10 fold dilution in
receiving waters
Drained in six 0.0000523 mg/L
months, and 10
fold dilution in
receiving waters
Scenario Il Production pond | No storage all rain | 0.0104 mg/L
(levee type) is overflow
Storage capacity 0.00042 mg/L
for the 0™
percentile volume
of rainfall events
® Fingerling ponds are harvested by seining over a 1 to 3 month period (Appendix 2).
The pond is drained at the end of the harvest period. Based on a minimum pre-harvest

interval of 12 days and a minimum 30 days of harvest activities. Draining would occur no
less than 42 days after the last treatment. The degradation half-life is 30 days.

The high rainfall period in the region where catfish farms are located is in
December through April (Appendix 3). This time period coincides with the time
when discharges from ponds due to overflow from rain and harvesting of
production fish from a pond to be refurbished could take place. Streams and
rivers would be at high flows. Also, ditches would contain water where mixing of
pond water would occur prior to movement into streams and rivers thereby
lowering the concentration of florfenicol and its metabolites even more. Periods
when treatment for ESC is expected to occur would be in periods of lower

rainfall, i.e. May / June and September / October.
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The overﬂow from a pond can be calculated using the, foﬁawmg hydroiogsca!
budget equation (Appendtx 3)

[1] OF,, = WDy, ~WDyg7 -Py

OF,, = overfiow (cm) for a-one week period |

WDy = pond water fevel (mn) atthe begmmng of day one cf a'one week period
WDy = pond water leve!\(pm) at: the end. ggy sejven;aﬁa anaweek period.

Pu = precipitation (cm) in a one week period

This equation is adapted frém Appendix &ané igjmsr’e;su{lc;s;es‘due to
evaporation énd se,epagg"ar ‘any input of groumiwater Aféﬁeaweek time frame,
"nota one’-da§ time frame, is used to ;e’stir@iate weeklyramfaﬁ This allows the
use of estimaies of 80™ percentile weekly, ramfau amcunts for Northwest
Mississippi. This data was based on éa y§afs:(ﬁ96j§;ii%0}ihé$t0ﬂca!arainfali
records and used to estimate hbwmucﬁgtoréﬁ& capacstywnuld be needed to
retain all rainfall for a given week 90% of the time. ,;f'he later value is 7.6 cm of

storage capacity. -

In Scenario Il this equation can be usedfté*~est§ma§e}ithé»rei¢ase of florfenicol-

related PECuuater for this scenario.
[2] OF,, = 92.4 cm 100 cm + 7.60 cm'= 0 -

For 90 percent of weeks ttéteLOFw will be zero. The water level in the pond is

held at a level that is gt least 92.4. cm in depth (based on a 100 cm pond depth)
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to retain all rainfall 90% of the time (period of one week). Assuming a go™
‘percentile rain event or rain week of 7.6 cm (Appendix 3) the final pond volume
at the end of the week would be 100 cm. Rain events that exceed the 90"
percentile level (7.6 cm) would most likely occur in the rainy season (i.e., late
October to early December). Since application would most likely occur between
August and September at least six weeks would likely pass before a >90"

percentile rain event would be expected to occur.

During the six week period after treatment degradation in water would occur
with a half-life of 30 days (see Section 7.1). The initial PEC,er for Scenario i of
0.112 mg/L (Section 7.33 above) would be reduced to 0.042 mg/L in the pond
water. The >90™ percentile rain events would be associated with maximum
runoff and stream flow. Therefore, a conservative 100-fold dilution factor is
applied to the pond water value to obtain the final, refined PECy4e: for Scenario

il of 0.00042 mg/L (Table 5).

Finally, a very extreme, worst-case estimate of the PEC, . (Altemate Scenario
If) can be made based on the production pond scenario used above, but
assuming that the pond was managed with no storage capacity, i.e., the water
level in the pond was level with overflow structure. If a week with a 90%
average rainfall occurred and similar assumptions used above are included this

scenario could be described by the following equation (3).
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SECTION 8.

8.1

[3] OF, = 100 cm —100 cm+ 7.60 cm =7:60 cm ~ -

Under this scenario (Altemate Scenario If) the level at ime zero and at the end
of the week would be the-s{a‘rhe.r _F or this i!lustrat&oq paﬁds@éxecensidereddto be
100 cm (1 m) in depth. If mixing were assumed during the rain event the

distribution within the water column reached and the concentration would be

diluted by the additi;ﬁria’% 76% in volume. - This would reduce the concentration
 of florfenicol related residues to 0.104 mg/L. iAadiﬁ;mg; dilution would occur

‘when mixing withjreéeivinjg‘:%&atérs; «Bee’a;usé~’§hépreﬁcaiiy\ this 'scenario would

produce overflow with any rainfall, and because this over flow would not
necessarily be associated with an unusual event taﬁ!%higﬁ}/\é‘»tfea'm flow associated
with a >90" percentile eve:;jty (or total ra;bf;aij ﬁgc'a week), a 10- fold dsmon
factor is employed (msteadof 100%). Thaextvemeworst—case estimate is of the
PECuue i5 0.0104 mg/L (Table 5). No degradation of the florfenicokrelated

residues is considered in this extreme worst-case estimate:of the PECuer,

 because the proximity to treatment with Aquafior is not known.

ENVIRONMENTAL EFFEGT"& OF RELEASED SQBSTANCE& TOMG!TY TO
NON-TARGET ORGAN!SM&

Microorganisms and Plants

Florfenicol exhibits activity against a wide spectrum of prokaryotic
microorganisms with MIC values ranging fromxo‘zsymgil foﬁ,.the catfish pathogen’

Edwardsiella ictaluri to 16 mg/! for Serratia, Table 6. Florfenicol was found to

35

0057



INAD 8519 Aguafior® 50% Type A Medicated Article for Catfish
Environmental Assessment 15 January 2004

have a transient effect on the microbial transformation of nitrogen when added
to soils at concentrations of 1, 5 and 25 mg/kg (Appendix 34). While the nitrate
concentrations were similar to those in controls throughout the study the
ammonium levels rose significantly in the soils treated at 5 and 25 mg/kg, before
the rates retumned to the control level by day 28.- Carbon transformation was
reduced at all florfenicol concentrations but by day 28 had recovered in soils
treated at 1 and 5 mg/kg with activity recovering in the soils treated at 25 mg/kg
by day 56. From the data on reductions in concentrations of florfenicol in soils
in terrestrial organism toxicity studies (Appendix 33), and half-lives derived in
Section 7, it is apparent that rates of reduction in concentrations are inversely

proportional to the initial concentrations of florfenicol present.

Table 6 Minimum inhibitory concentration (MIC) (mg/l) data for
florfenicol and major metabolites against

microorganisms
Principle Metabolites
Florfenicol Amine Alcohol Oxamic
acid
SPAH Code No. SCH 25298 SCH 40458 | SCH 45705 | SCH 48057
Aspergillus niger >1000 >1000 >1000 >1000
Trichoderme viride >1000 >1000 >1000 >1000
Nostoc 4.0 20 200 400
Bacillus subtilis 0.4 40 40 >1000
Clostridium 1.0 80 40 >1000
perfringens
Moraxella 0.5 - - -
Sermratia 16 - - -
Escherichia coli 8.0 - - -
Aeromonas 0.3-2.5 - - -
salmonicida
Vibrio sp. 0.8-1.6 - - -
Edwardsiella ictaluri 0.25 - - -
36
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- From the half lives of 3.6 3'@27.2 days degemiéineﬂ in.the soil degfadaﬁon/studies

at an iniial concen&aﬁon 0f0.05 mg/kg, with a mean half-lfe 13 days, and the

x value determmed fram the p%ant studxes of 8 and 14 days at initial

including 10 mglkg have. litt leor no effecton ﬂcvfamcol degradatlon rates. At
concentrauons of 100 and 1 ,000 mg/kg the ha!f-hvas were graater and 10 mg/kg
would appear to bea reasanabie est:mate of the. N@EC for microbial function as

indicated by florfenicol degradation. From ghe;g:iaia,avadan‘iajpn\&e rates of

degradation of florfenicol at different conceﬁt?aﬁons’ the méuﬁsfrom the nutrient

transformat:on study maght be expectad The reeovery in: m:croh;al activity

: mdrcates that under the cer:dwnons of. the study thé macroblai papulat:ons

responsible for transformation were mhxbrted and not kﬂted and were ‘able to

resume processing when the florfenicol was deﬁgraded:

Florfenicol is generally less active agairistféukafrgatés“than prokaryotes although

activity has been found with the green ‘aiéae saienasfmm capricomutum
(Appendix 35) and the maririe disttom Skeletonema costatum (Appendix 36),

Table 7. The toxicity data for S. costatum indicates that it is the most sensitive

of the eukaryotes to florfenicol with 72 hour ICso and NOEC values of 0.0128

and 0.00423 mg/l, respectively, and is more than one to two orders of

magnitude more sensitive.than S éa,éﬁcoinatitm. “The degradation metabolites

are between five and a thousand fold less active ‘a‘gainsf prpﬁarymes for which

the activity has been determined, Table 6.

‘ conoentrauens of Tand 10. mglkg it wou!d appear that caneemrauons uptoand
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Table 7 Toxicity data for florfenicol and major metabolites
against Selenastrum capricornutum and Skeletonema
costatum

Principle Metabolites

Florfenicol | Amine Alcohol Oxamic
SPAH Code No. SCH 25298 | SCH 40458 | SCH 45705 SCH 48057
Selenastrum
capricomutum (mg/l)
Maximum growth rate
MiC >2.9 >2.7 >0.98 80
NOEC 2.9 27 0.98 38
Maximum cell density
MIC 1.5 2.7 0.26 80
NOEC 0.75 1.4 0.13 19
Skeletonema
costatum (mg/l)
Maximum growth rate
MIC 0.0336 —~ - -
NOEC 0.00423 - - -
Maximum celi density
MIC 0.0128 - - -
NOEC 0.0106 - - ~

While the metabolites are generally less active than the parent compound
towards eukaryotes the alcohol metabolite has been found to be approximately
six times more active against S. capricomutum (Appendix 37-39), Table 7. The
differences in the MIC and NOEC values reported with regard to maximum
growth rate and cell density for S. capricornutum can be partially explained by
degradation of the florfenicol over the 14 days of the study. This would enable
the algae that were initially inhibited to achieve maximum growth rate even at
the highest concentrations tested while the biomass would not reach the same
level due to the initial inhibition. The data reported indicates that while
florfenicol was algistatic it was not algicidal at initial concentrations up to 2.9
mg/l (Appendix 36). It can also be concluded that the degradation products did

not reach levels that were algicidal, or algistatic in the course of the study.
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Insufficient immobilizations occurred with Daphnia magna exposed to fiorfenicol

at congentrations upgtofr ‘mgfl to ena\ble{aq Ecsa value to be determined
(Appendix 40). Similarly, no ECg values could be determined for the
metabolites. The Iaﬁér' compounds were tested at lower leéya,ls due to limitations

of avai!ébie material. Values are presented L‘Méteﬁsﬁnpl}lg td;show that these

‘metabolites are of a similar erder of to:aelty or less toxzc th:an the parent

- compound consistent w:th the order of tox:cmy obsewed far m!crobes and algae

(see above), (Appendtce's‘éj—gts}. The gNQEZCwa_s 5;ep@ﬂed as,<\1 00 mg/l for
florfenicol as sub-lethal effects; lethargy and eratic swimming, were observed

among the suwivgrs at aﬂ ~mncenmﬁons?w§t,e;d}(ﬁspbeﬁéi§k 40),\Tabie 8.

Table8 Ecso and no observed effect cmmmtratmn (NOEC) data
{mg#) for ﬂorfemco! and: major metab;ahtes against
Daphnfa mgna over 48 hours G

Flemnicol Amme 'fijIcahol Oxamzc
, L ) - | acid

SPAH Code No._ SG;-&gzszaa scﬂms rs«z:i-s 46?05 SCH 48057

ECo(mgl) [>880 318 |14 [

NOEC (mg/L) i<t00 118 — {885 124

Toxicity data for florfenicol.is available for l;awa!«s;talﬁgfeaxaf giftéwhite shrimp,
Litqpenaeus;vanga:m/ei formeﬁy known as Peﬂa“@s” vannamei, (Appendix 44).
This work was part of broader evaluation:of 12}amftibiaﬁcs being considered for
potential use in shrimp /maﬁt:ul{ure; The resgﬂts»af ;faz;ufa bi/o“ajssayswith arange
of larval or,transitiohat #t_ages of L. vannamei Indicated that florfenicol was
among six compounds cohsideredsafe and eﬁeeﬁi/e in shrimp (Table 9). In

these studies florfenicol shows toxicity at parts per million (mg/L) concentrations
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and the authors believed that toxicity values would be higher (i.e., show less
toxicity) to later life stages of this species. In addition, this level of toxicity is
consistent with reported toxicity values for other animal species exposed to

florfenicol or florfenicol-related residues.

Table 9 Resuits of toxicity tests with early life stages of a

Litopenaeid shrimp®
Life Stage Duration | LCso(mg/L) ECso** (mg/L)
(hrs)

Nauplius | 24 >64 >64
Protozoea | 48 >64 >64
Protozoea |l (mysis interface)* 48 95.2 110

Mysis | 48 >64 >64
Postlarva | 48 >84 >84

Overali Range (all larvae) NA >64 {0 95.2 >64 t0 110

? Data is taken from Appendix 44.

* Not a larval stage, but a transitional stage between protozoea and mysis.

** The EC50 is defined as the total toxic levels (considering lethality and morbidity) of 50% of the
exposed organisms.

The available data for rainbow trout and bluegill sunfish indicates that florfenicol
is not toxic to either fish with NOEC values of 780 and 830 mg/l (Appendices 45
and 46)(Table 10). While thé metabolites were not tested at the same
concentrations no mortalities were caused to either species when exposed to
concentrations up to 20, 15, and 25 mg/l in the case of the amine, alcohol and
oxamic acid metabolites respectively (Appendices 47-49 and 50-52). The data
supports that neither florfenicol nor its degradation products are likely to cause

toxic effects in the environment to fish species, which may be exposed.
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Table 10 LCs and no obsewed oﬁeet cmcen&ra;ton (NOEC) data
- (mgh) for florfenicol and ma;or metabelites against fish -

species Qver% houra. . —
. L i }Pﬁm a fetabolites
: Florfemcoa /Ami,fngi_ | Miconot | Oxamic
L SPAH Code Nd. V scﬂmas 5@#%&“?‘7 ~ ] SCH 45706 | SCH 48057
Oncarhynchus 1 4 o j e ]
LCso(mg/L) : >7ao 129 -} - >15 >23
NOEC(mg/t) -~ | 780 - 18 b -1 1 23
Lepohvis 7 - ‘ ST \
LCQQ_L_Q!L) .>830 | >0 1 >15 >25
INOEC(mgn) | 830 | 20 " | 45 | 25

Finally, terrestrial species are bresented he?éftd shcw the low level of toxicity to
hsgher plants and soil mvertebrates compamd to aquaim plants In the
phytotaxrcaty studtes there was no effect on seedling emergence in the case of
any of the concentratsons tested up to 1@0 mglkg thh ermar mustard or cress
(Appendlces 31 and. 32) In the case of wheat the pementage emergence was -
reported as 40% at 100 mgikg but the contrel greup cnly axmbxted 85%. Based
on seedling emergence the Lcm value was reparted as. bremg >190 mg/kg for

the three specles tested me the we:ghts of the emergeﬂ seedlmgs ECs
values were estimated as 1 7, 0. 5 and 6.7 mg/kg tn tha case of mustard, cress
and wheat respectnve!y Vtsibie effects ch!ows:s, were faund at all treatment
tevels 1-100 mg/kg, in- a%l specxes throughout the test The studles on toxicity to
terrestnal organlsms drscuased above estabhshed that: ﬂnrf'emcoi was not toxic
to E:sema foet:da, the earth or manure wc:m. at cancentrafaons up to 1,000

mg/kg, with no repeliency o;other sub!ethay effects obsewed (Appendix 33).
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73

PNEC Calculations

The Predicted No Effect Concentrations (PNECs) are presented in Table 11 for
kéy species of fish, invertebrates, aigae and one mi
values range over four orders of magnitude with fish, O. mykiss and L.
macrochirus, having the highest reported NOEC values of 780 and 830 mg/L,
respectively, and S. costatum having the lowest NOEC (for growth) of 0.0042
mg/L. This latter value indicates that S. cosfafum is the most sensitive species
for which data is available. This NOEC is two orders of magnitude lower than
the green algae, S. capricomutum, and the most sensitive reported microbial

species, B. subfilis.

Assessment factors applied to NOECs and MICs are presented in column 4,
Application factors (AFs) are used to adjust for uncertainty in the data. An AF
of 100 is used for acute toxicity data to account for intraspecies variation (10x)
and extrapolation from acute to chronic data (10x). A factor of 10 (for
intraspecies variation) is applied to chronic end points. For example, data for L.
vannamei, a sensitive estuarine marine shrimp species, includes data for all of
the principal early-life stages of this organism. This is considered chronic data
and thus an AF of 10 is used in calculating the PNEC (Table 11 below) and the
PEC:PNEC (see Section 8.4, Tables 12-14). The two aquatic plant species and
the microbial species include partial or complete life cycles of the respective
organisms and an AF of 10 is also used in calculating the PNECs and

PEC:PNECs for these species.
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8.4

Table 11 Predrctednaeﬁentconcantmﬁm fértaguatic organisms

/ & y NOEC | Applicati PNE

Organism | mgh - *"~ | " N
Oncorhynchusmykiss * | >780 | 780 | = 100 | 78
Lepomis macrochirus >830 | 830 | 100 - 83
Daphniamagna = - | .>330 | <to0- | 100 | 1.0
Litopenaeusvannamei | >64 | 4 | 10 04"
Selenastrum capricomutum | 1.5 075 | 10 0.075°
Skeletonema costatum . | 'amz’a 09042 10 " 0.00042°
Bacillus subtilis - 0 | | 10 0.04"
*An application factor of- 16 was used to awcs\m for mraspecms ‘and a factor of 10
was used in the e:arapo!auan from acute fo chmmc data.
® An application factor of 10 was used to account for. mraspecies variation. These
galues glready represent chmnic end pmnts o
M!C , Ce

The PNEC values range- 'déoﬁr ﬁvé orders of magmmdewnsxstent with the range
of tox:clty val ues used i in tha ca!cutatlons The hughest PNE.C was for L.
macroc*hlrus (8 3 mglL) and the lowest for S. costatum (0 60@42 mg/L) The
latter benng two crders of magmtude Iower than tt:tat of the green aigae S.

capricomutum, the nearesi piant specaes md:caung that S -costatum may be an

‘outlier with respect to sensitivity to florfenicol exposure.

Risk characterization

Risk charaetérization;is;su‘rx}marized in column 7 of Tables 12-14 as PEC:PNEC
ratios for representative aqﬂatic_andterrgstﬁai; sf)eqieé aﬁd;thfee:exposure
scenarios. Toxicity values are discussed in more detail in Section 6.

Application factcrs (AFs) are used to adjustfowricentéinty in the data (Tables

4
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12-14, col. 4) and are discussed in detail in Section 7.3 above. An AF of 100 is
used to account for intraspecies variation (10x) and extrapolation from acute to
chronic data (10x) for the fish species and Daphnia. A factor of 10 (for
intraspecies variation) is applied to chronic endpoints and is used in calculating
PNECs for: L. vannamei, an estuarine/marine shrimp species; two aquatic plant

+ species; and the microbial species.

The refined PEC..r values used in Tables 12-14 are worst-case scenarios.
Scenario |, based on release of florfenicol-related residues following application
to fingerlings is a reasonable worst-case due to annual draining of this type of
pond. The second scenario is the most typical worst-case scenario and involves
the release of residues from levee production ponds managed for water
storage. The third scenario is an extreme worst-case and involves release of
residues from levee production ponds with water levels maintained at maximum
depth (i.e., at the top of overflow structure). These PEC. ., Values are

compared to the same PNECs to provide PEC:PNEC ratios (Tables 12-14).

Sediments are not included in this analysis. Due to its physicochemical and
environmental fate properties florfenicol will not enter or remain in sediments in
significant amounts, but will move into the water phase. Any fiorfenicol that is
released from ponds will remain in the water phase and will not partition to
sediments. Therefore, sediments are not considered a significant source of

exposure or risk and PEC sediment values are not included in this assessment.
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841 PEC:PNEC ratios: Scenario |, Fingerfing Ponds

As shown in Table 12 the PEC:PNEC ratms are based on PNECs discussed in

‘ Sectioh 7 (Table 11). PNECsare ;Srovigeﬁl iarﬁmﬁsfhséjeéies, two invertebrate
species, two aquatic plant (algal) species. anct%:ongzmiérgbia&species. The latter
species, B. subtilis, isv:thg&ﬂps,t;sensiﬁvéof ten mm&;\ia;spégias for which data

is provided in this- assassment These species mtude fresh -and saltwater

~ organisms even though tms assessmem: is fer afn ' f , er use Ratios for
Scenario range from OTJOQG344 to 6.38 :wzm‘the/most sens;'_tiv,e species being the

aquatic plant species S. costatum and memtmblalsgeme&; B. subtilis.

The exposur;e scerﬁaﬂo'(SQéhaép )] usesi/tﬁé- jr;itigl PECW for fingerling ponds ‘
of 0.067 mg/L. Harvestis initiated after a mihiwm tebéér@ation period of 14

" days® fe!!owmg the end of treatment.. Normal pxacuce aliaw& -for harvest over 1

-to 3 months w:th drammg of the pond-at me end of tms hawast period. To
estimate the reﬁned PECW for Scenano I a oneamonth /(%d) time penodws
added to the observatlon penod for a toiat of 44 days. mmrparatmg
degradation ga 30d t%) (sae Sectwn 7 1 and 72 and tmmma! dﬁuuon (10x) in
,recewmg waters results in the reﬁned PECwater vaiue of Q 083268 mg/L. For
further details see Section :?,-3.4,\Th;s, va!ge lg;‘us@c;g,m generating all PEC:PNEC

ratios in Table 12.

3 The fingerlings are held !ong enougn for obsarvation of possible reeccurrenae before the fingerlings are
transferred to production ponds. An.observation period of 14 days is used in mese calculations.
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The data for S. costatum warrants careful examination. The low NOEC relative

to other species is reflected in the PEC:PNEC ratio, which with this exposure

scenario (Scenario |) exceeds a ratio of 1.0, the threshold of concem, by a

JIp

factor of six. Ali

(Table 12). Examination of the toxicity data alone shows that the biological

response of S costatum is an extreme outlier relative to other species. The S.

costatum NOEC (0.0042 mg/L) is nearly two orders of magnitude below the next

most sensitive aquatic plant (algal) species, S. capricomutum; three orders of

magnitude below the most sensitive invertebrate species (L. vannamei); and

Table 12. Risk Characterization, Scenario I: Summary for fingerling

ponds
End Point | Results pnec | Refined | pecpnec
mal) | (many | AF | (mgny | PECumer | Ratio
Organism (mg/L)

Oncorhynchus 96-h LCso >780 100 7.8° 0.00268 0.000344
mykiss
Lepomis 86-h LCso >830 100 8.3° 0.00268 0.000323
macrochirus
Daphnia magna 48-h LCso >330 100 3.30° 0.00268 0.000812
Litopenaeus 48-h NOEC <4 10 0.4° 0.00268 0.0067
vannamei
Selenastrum 14-d NOEC 0.75 10 0.075° 0.00268 0.0357
capricomutum
Skeletonema 72-h NOEC | 0.0042 10 | 0.00042° | 0.00268 6.38
costatum
Bacillus subtilis MIC 0.4 10 0.04° 0.00268 0.067
2 An application factor of 10 was used to account for intraspecies variation and a factor of 10
was used in the extrapotation from acute to chronic data.
® An application factor of 10 was used to account for intraspecies variation. These toxicity
values are considered chronic endpoints.

nearly five orders of magnitude below the most sensitive fish species (O.

mykiss). In addition, this observed toxicity value (0.0042 mg/L) is almost two

orders of magnitude below the most sensitive microbial species tested. The S.
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costatum NOEC as showﬁ in Table. 12 is y aﬁﬁutﬁe‘r in the distribution of

potential bto!ogacaf respenses in aquaﬁc orgamsm and contributes to an overly -
‘ conservatwe assessment cf nsk (see subsequam daseussmm) Furthermore the

effect reported is for gmwm not morkality (see subsequent dcseusscon)
84.2 PEC:PNEC Ratios: Scenario ll, Production Ponds

PEC:PNEC éaﬁosi for prc:j}:’:uﬁ;:ioh ponds (Scenario H) a;’ée;pées:ented in Tables 13
and 14 below. PNEC values are the sameas f‘ét Table‘!z aﬁbav;é, but in Tables
13 and 14 thé PECMB, ya"!tjésfare preseﬂtedfara zijééé@o;iﬁ&iéworgt-@se
(Scenario Il) and extreme wérst-’éasei (Attemate S:;égﬁa’lﬁol{),‘ respectively. Due
to pond manégement,,prac;ﬁees that pfovide wate,rfstaragefacapécity and due to
less frequent draining,théﬁiﬁngeﬂmg ponds, 9mducuon ptinds present less of a
-worst-case seenaﬁéﬂéb!ei 13). An /addiﬁéﬁaléf‘ém&?m@t%ase scenario for
production ponds without Wéter storage capacﬁy is‘presented in Table 14.
These tables use different PECwater values (Colun 8).

Theresylting:PEC:PNEC 1réﬁos are lower than for /ﬁ’ngéﬂing'ﬁdnds‘ (Table 12)
and range from 0.0000539 for O. mykiss to 1.0 for S. éo’s@"tgm, the most
sensitive organism for which data is’aVéiiablé. ‘Nét?éi\df\«sﬂfie;PEC;PNEC ratios
for this reasonable worst-case (Scenario Iy EX@édfzihejﬁr®ﬁcld of 1.0.
However, the relative pattem of sensitivity does rtg{{diﬁerf?ém the ratios based

on fingeriing pond data (Table 12).

a1
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Table 13 Risk Characterization, Scenario il: Summary for levee
production ponds with water storage

End Point | Results pnec | Refined | orcpnEC
AF | mgn) | PECwater | " “patio
Organism (mg/L) (mg/L) (mgiL)

Oncorhynchus 96-h LCso >780 100 7.8° 0.00042 | 0.0000539
mykiss
Lepomis 96-h LCsp >830 100 8.3* 0.00042 0.0000506
macrochirus
Daphnia magna 48-h LCso >330 100 3.30° 0.00042 0.000127
Litopenaeus 48-h NOEC <4 10 0.4° 0.00042 0.0011
vannamei
Selenastrum 14-d NOEC 0.75 10 0.075° | 0.00042 0.0056
capricornutum
Skeletonema 72-h NOEC | 0.0042 10 | 0.00042° | 0.00042 1.0
costatum
Bacillus subtilis mic 0.4 10 0.04° 0.00042 0.0105
2 An application factor of 10 was used to account for intraspecies variation and a factor of 10
was used in the extrapolation from acute to chronic data.
® An application factor of 10 was used to account for intraspecies variation. These toxicity
values are considered chronic endpaoints.

The extreme worst-case example of production ponds (Alterate Scenario 1),

not managed for water storage, results in the largest PEC:PNEC ratios (Table

14) even though this exposure scenario would not be expected to ever occur in

real life. The range of species and their relative sensitivities are the same for

Table 14 as Tables 12 and 13, but the PEC:PNEC ratios for this extreme worst-

case scenario are larger consistent with the larger PEC,.aer value of 0.0104

mg/L (Tabie 14, column 6). The PEC:PNEC ratios for Altemate Scenario i

without water management are higher for all species compared to the

scenarios presented in Tables 12 and 13. Yet the only species for which the

PEC:.PNEC ratio exceeds the level of concemn (i.e., a ratio of 1.0) is the

PEC:PNEC of 24.7 for S. costatum. All other ratios are below 1.0 even with

this extreme worst-case PEC,r value used in calculating these PEC:PNEC

ratios.
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The worst—case scenano ef a productton pend not managed for water storage
is extreme because the ﬁmbabuity of thls sombmatmn 0? use condmons and
weather is extreme!y uniike!y to oceur. Ponds are mt managed to maintain
water levels at the: overﬂaw stfucture Theae pﬂnds ev&ﬂ if not managed for
water storage do not add water constanﬂy tomaintam mammum depth.
Pumpmg water generaﬁy ground water, costs menay and is ‘notan .
economically viable. prastzce Aquafloris oxaiy apphed prese;nptwely to a small
poruon of productmn ponds and the petenual thai one nf these ponds is
managed with maximum water level, traated with’ Aquaﬂar ‘and subject to a
sxgmf‘cant rain event clase to tﬂeatrnent is mghfy unttkely F‘maﬂy, under this
scenano the release or: overﬂow of pmd water to. recewing ‘waters would

" mostly occur menths after treatments ware administered and during significant
rain events (Appendix 3) \qu wog&clfnatfesultmam substantial exposure to

| diatoms or. dthetf»aqx\;{agic» species similar to S. ;Qgﬁtgtumx»(a;}m'ﬁﬁe species) due

to dissipatioh in ;fecéiving waters.

In this risk assessment warfst-cﬁase estiméte’s of peak‘ ex#oéuke are compared to
the most sensitive specaes far each envuronmental mamx anci use scenario
evaluated. The PEC: PN&C va!ues for the se!ected specxes ranging from fish to
microbes are all < 1 0 with the exceptvon of S costatum for ﬁngeﬁmg ponds
(Scenario 1) and for productton ponds not: managed for water storage (Altemate
Scenario Il). The PEC: PNEC ratios for thesa two saeﬂariés are 6.38 and 24.7,
respectively (see Tables 12 and 14) All three worst-case scenarios presented
above (Tables 12 -—14) represent acceptable levels. of ﬂsk, mcludmg the two S.

" costatum PEG PNEC vaiues thaf exceed 1 0.

A8y
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Table 14 Risk Characterization, Scenario Il: Summary for levee
production ponds without water storage

End Point | Results pNEC | Refined | prcpnec
moi) | mony | AF | meny | PECWE [ Ratio
Organism { 9 (mg/L)

Oncorhynchus 96-h LCso >780 100 7.8° 0.0104 0.00133
mykiss
Lepomis 96-h LCso >830 100 8,3° 0.0104 0.00125
macrochirus
Daphnia magna 48-h LCsp >330 100 3.30° 0.0104 0.00315
Litopenaeus 48-h NOEC <4 10 0.4° | 0.0104 0.026
vannamei
Selenastrum 14-d NOEC 0.75 10 0.075° | 0.0104 0.139
capricormnutum
Skeletonema 72-h NOEC 0.0042 10 | 0.00042° | 0.0104 247
costatum
Bacillus subtilis MIC 0.4 10 0.04° 0.0104 0.26
2 An application factor of 10 was used to account for intraspecies variation and a factor of 10
was used in the extrapolation from acute to chronic data.
® An application factor of 10 was used to account for intraspecies variation. These toxicity
values are considered chronic endpoints.

The results of this risk assessment must be taken in context. First, PEC:PNEC

ratios indicate acceptable risk with the exception of two PEC:PNECs for S.

costatum. Although PEC:PNEC ratios of >1.0 may appear to indicate

unacceptable risk to receiving aquatic ecosystems four issues must be

considered: 1) the nature of the observed effect; 2) differences in exposure in

laboratory and field situations; 3) the nature of the phytoplankton community;

and 4) the consideration of S. costatum as a biological outlier with respect to

sensitivity to florfenicol.

Florfenicol is not algicidal but algistatic (i.e., inhibitory) and even in the study

discussed above (Appendix 36) an algistatic concentration (i.e., completely

algistatic) was not reached in a static system. Similar inhibition would not be
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expected in dynamigjreeéiyigig waters wrth aﬁisbdﬁcfreiéas% of florfenicol refated
’fésidueé due to obviéﬁs dszerences véhén“combaﬁ&gwﬁeld: fo iaboratoxy
exposures This mhabmon |s reverslbte therafore asthe matenai released from
the pond is diluted then any mh:bvted algae wouid be able ’eo resume normal
growth, as observed m tabaratory studnes The approximata hundred foid
difference in sensmv;iy of. aigal specues mdtcates that even if ihene was
reductton in growth of the mosst sensztwe speeaes there wcsuld be httle impact on
algal btomass with any temporanly mhtbsted algae hemg rep!aced by other
species. The locahzed nature of any mpact can be expeeted to be short-lived
as there will be refugia both up and downstream frem any pond dlscharges from
which temporarily | mhrbnted a!gae ‘will be- replemshed

The NOEC fof S. costaturn appears to be a significant quﬂifér compared to the
other species tested. The s: costatum NOEClstordars bf&nagn&tude below
the next‘most'isensitivié aqi;étic blani (algal) spectes Scapncomutum greater
than four ordérs of m‘agﬁiidde belowr the most »éeﬁs’itive invértébréte species (L.
vannamei); and more than ﬂve crders of magmtude iower than the most
sensmve fish species (O. my!ass) In addman thts ebserved tax:c:ty value is
greater than an or:dar of magmtude lower ihan the must sensmve microbial
species tested (B. subtdts) The S. cdstatam MiC and NOEC are clearly outliers
and contnbute to an. overly conservatlve assessmen’s of nsk The PEC:PNEC
ratios are low enough ©. 38 and 24.7) to provsde an adequate ‘margin of safety

even with this overly consgwatwe risk chamctgn;ation.
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There are other factors that must be considered in characterizing the risk to
aquatic ecosystems from use of Aquaflor. Under the fish culture conditions, the
most likely time for infection by E. ictaluri would be in the autumn of the first
year in nursery ponds (Scenario I). This would be the first time that these fish
would be exposed to the disease organism under conditions conducive to
infection. E. ictaluri is present in sufficient concentrations in water to be
pathogenic only when the water temperature is between 20°C and 30°C
(Appendix 2), which occurs generally within a 30 to 40 day window in the spring-
(Maj/ - June) and fall (September — October) (Appendix 2). Since Aquafior
treatment is prescriptive this restricted window for potential active infections

limits the time period and frequency of application.

The fingerlings are naive with respect to ESC and would be the most
susceptible at this time. In the fingerling production situation, the ponds would
be drained to facilitate the harvest of the fingerlings and to recontour the pond
bottom prior to restocking of fry. This would occur in the spring after all the

fingerlings have been removed for addition to caffish production ponds.

in the production farm situation (Scenario 1f), the ponds are not emptied on a
yearly basis but rather when renovation of the pond is required which averages
about every 6.5 years (Appendix 3). Since any remaining fish in the ponds
would have to be harvested at the end of the growing season, it would be
unlikely that the pond would have required treatment for ESC since young and

potentially susceptible fingerlings would not have been added to the pond in the
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previous spring. Therafere, inthe proctuc‘tioa pond sntuaﬁ@n environmental
exposure would only oecur when: exee&swe rainfaii aaused the levet of the pond
to rise to the pomt where overﬂow could eccur dunng ﬂr s&orily afterthe end of
treatment. The ramy seasan starts in’ aeaember. and- imatmem for ESC
outbreaks occurs usually between mrd—September and m:ct-@ctaber {Appendix
3). Therefore, there would be at ieast a six-week. penod between tpeatment and
the potential for an overflow sxtuanan: /Dgringme mmy;sgasm, rivers and
streams would be at Ani‘gih‘ﬂéuw ra{es so overflow weuid be diluted to a large
extent. In thefﬂ:cas\e‘ of levee production ponds, if overflow occurred, it would
happen at times of high:rainfall when dilution ih_to ‘streams and rivers would
occur. Therefore, the nurserypcnd sﬁuai;m is the worst-case situation with
regard to frequency of treatment (most suséeptiblejiﬁe ’ﬂstag;e)z and potential for
pond water release from /yaéqdy'pqnd;draiﬁmg. 'Tais:s,ciea\aﬁoyiis used in
esﬁmaﬁggithé worst-case PEC: P&EQ ratios (see T at;laé 12:14).

~ Effluents are mainly released into ditches, whmhwouid!ead iéto rivers or
streams where further dilution would occur. Ponds are usually emptied
intermittently over a several day period to eliminate the loss of sediment from
the pond due to currents created upon emptying, ;é;pg;:tn# suspended solids to
settle and to f}lacilitateise’irﬁgfg of remaining fish. /‘thfe;ifefare,, a large bolus of
pond water would not. emei; a dith on \itsvw/aqua:fs‘irégm or ﬁ?er. A dilution
factér of 10 wés cqnsarvaﬁ\zely used in est;maﬁng the rejﬁnedrPEGs with the

exception of Scenario Il where a, di!utiqn»f_a\cgo{s#f, 100 is used..

&z
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The degradability of florfenicol and metabolites demonstrate that these residues
are not persistent and will not be present in the pond or receiving water
environments for extended periods. Therefore, should concentrations arise
which affect sensitive species, any effects would be transient due to dissipation

and degradation.

Given the low K; values of florfenicol and its metabolites, very little of these
residues, if any, will equilibrate into the sediment of streams or rivers into which
the water is released. The equilibrium would be strongly toward the aqueous
phase. The concentration in the water phase would be low to begin with and

would be further diluted by mixing with stream or river waters.

Under the Veterinary Feed Directive Aquafior will be used solely under a
prescriptive use pattem. These prescribed or controlled applications are made
only to populations with active infections and there is no prophylactic use
allowed. In addition, application is episodic occurring once or twice per year and,

consistent with prescriptive use solely for active infections.

The existing toxicity data indicates that florfenicol is, in general, more active
against prokaryotic than eukaryotic organisms with the exception of the marine
diatom S. costafum. However, the likelihood of environmental effects to even
prokaryotic organisms would appear to be limited, based on the MIC:PEC and
PEC:PNEC ratio values calculated from the intended use-patterns and limited
consideration of dispersion in the receiving environments. While initial PEC

values indicate a potential risk to some sensitive species the established
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environmental mnbilrty and reiatwely shcrt ha!f«lrfe af ﬂorfemcoi in the
enwronments (esttmated canservaaveiy to have a halfvhfe of 30 days) for-which

data are available indicate ;.that aany;poteﬁinai‘ in&k wxauld;be short-lived.

Specifically any axcgedeﬁgfés of the PNEC for me}?&% must be evaluated in
the context of this. conservative risk assessiment. :Seﬁe‘ﬁﬁg?léflough Animal
‘Health be!ievies«i?hat; the ﬁmi%edmagnituds &mesaexcaaﬁames is acceptable
given the conéeivati\?e n’été‘re of the: ﬁsk*rehafacieﬁza‘tiaﬂ,amiﬁqe reasonable
worst-case scenano (scenano I, ﬁngerlmg ponds) exposLre concentration is
above the PNEC ratm but rematns beiow the kwast NOEC (S costatum),
which is an order or ‘magmmde above the PNEC (using an. AF of 10). Even for
the extreme worst*case scenano (productxon mnds nct managed for water
'storage) which is not expected 10 ever ocsur the PECM,, exeeeds the lowest
NOEC (S.’*costatum) byonly gv'facater' of 2.5x. ?ha effect in ftms case is partial
inhibition (.., florfenicol is algistatic) and even 2.5 times the NOEC of 0.0042
mg/L (0.0105 %ngt;) is still well below the MIC of 0.0336 mg/L. (Table 7).

The use of Aquafior to treat ESC in catﬁshdoes rnct;»present any significant risk
to aquatic ecosystems dueta :meffaﬂﬁwing;éomhiaaﬁﬁmqf {éc;ars:
o Aquafioris limited: . ~
o o prescriptive application with m‘préphyiacﬁcuse under the
Veterinary Feed Directive;
o ito application in feed at 10 %;ngfkgx feedlday' for 10 days; and
o temporally tal,a 30 to 40 day window in the both spring and fall

when water temperatures are appropriate for E. ictaluri

rE -
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popuiations to potentially reach pathogenic levels in catfish
ponds;
e Florfenicol, the active ingredient in Aquafior, will remain in water where it
dissipates due to degradation and dilution;
+ Florfenicol release is limited by catfish culture (frequency and timing of
pond draining) and water management practices (water storage);
¢ Florfenicol presents a low potential hazard based on toxicity studies with
a range of organisms;
e Exposures in aquatic systems are expected to be low and transient
e Using three worst-case scenarios, the only two PEC:PNEC ratios that
exceed 1.0, both involve a marine diatom that is:
o the most sensitive species tested with an NOEC 100 times lower
than the next most sensitive species (a green algae);
o based upon a reversible growth inhibition that requires sustained
exposures to be achieved in the laboratory; and,
o based on peak, worst-case concentrations that are expected to

be transient and most often associated with rain events.

Based on this assessment and the factors listed above, the probability
of a combination of circumstances resulting in any sustained adverse

impacts on aquatic ecosystems is considered to be very small.
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Section 9.

SECTION 10.

SECTION 11

CONCLUSIONS:

The use of ‘ﬂorfeniobi:und:egyet,erinayy; Feac! i;;irggﬁ\refégqlaﬁons for control of
mortality in ,channeliéa(tﬁshzkic;anﬂsed bymfection wzth Edwardsfeila ictaluri is not
expected to bosé ahy‘signiﬁc?aht risk of Mdi\'e\sméadgcir sustained ad?erse 4
ehvironmentél impact. Schering~Plough AnimalgHeajlth fbéﬁeves that this data

and analysis supports a Fiijding of No Sigtniﬁc\aht‘/; Impact. -

USE OF RESOURCES AND ENERGY

Manufacturing Aquafior® 56%, Type A Medicated”ﬁrﬁdé wril require an amount

of energy similar to that used to produce and package any bonventional

pharmaceutical product for animals. Disposal of Waaétewamr and materials from

the manufagmring‘ process will not require.use 6f /ur;gsua,l amounts of energy drj
natural resources. There will be no effects upon-endangered or threatened
species or upon property listed in or eligible for lﬁis\t\irig‘in:thei National Register of

Historic Places.
MITIGATION MEASURES

As there are no known or expectedkadverse“e’f’fectnsv}ef the proposed action, no

mitigation measures will be required.

© R7
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SECTION 12. ALTERNATIVES TO THE PROPOSED ACTION

The proposed action would not be expected to have any substantial adverse effect on human
health or the environment. Therefore, alternatives to the proposed action do not need to be

considered.

58
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SECTION 13. LIST OF PREPARERS

The following consultant for Schenng-Pfough Ammal Heatth Corp was

respansnble for the preparatmn of this: Env;ronmental Assessment:

s F. Hobson Ph D., DABT
P cipal Environmental T oxicologist

mingStar Consulting. Inc.
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SECTION 14.  CERTIFICATION

The undersigned official certifies that the information presented in the
Environmental Assessment is true, accurate and complete to the best of their

knowledge.

RuledBiilss 4 fur o

Richard G. Endris, Ph.D.
Research Program Manager
Schering-Plough Animal Health Corp.
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