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SECTION 4. 

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

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 (Icfahrus 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 


Edwanfsiella ictaluri, which causes entenc 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 IO mg a.i./kg body weight for IO consecutive days. 

Therefore, at a feeding rate of 1% body weight per day a total of 2.0 g of the 

medicated article (1 .O 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 currently being used in Japan, South Korea, Norway, Chile, 

Canada and the UK. 
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Structural Formula: 

Florfenicol (SCH 252981 

The physico-chemical characteristics of florfenicoi and its major metabolites 

have been determined, Table 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 L 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 concerns 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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TABLE 1 Physico-chemical characteristics of florfenicol and 
major metabolites 

SPAH Code No. 

CAS Number 

Empirical 
Formula 

Molecular 
Weight 
Comparative 
Molecular 
Weight Ratio 
Solubility, pH7w 

DissociationConstant (pQ 

Partition 
Coefficient (Kow) 
(Log K,w), PH 7 

Principle Metabolite 

Florfenicol 

Amine Alcohol Oxamic Acid 

SCH 25298 SCH 40458 SCH 45705 SCH 48057 

73231-34-2 76639-93-5 NA NA 

C12H&l2FNO& GoHl4FNOziS CkHl6FNQsS CkHi4FNOsS 

358.21 247.28 305.32 319.30 

1 .ooo 0.690 0.852 0.891 

1.32 >500 49.7 >500 

NA 
7.5 NA 1.99 

2.03* 

2.36 0.100 0.070 0.001 

(0.37) (-0.965) (-1.20) (-3.0) 

Density (g/cm”, 1 1.68 I 1.32 I 1.42 I 1.45 
NA = Not applicable/available 
* = With ionic strength correction 

SECTION 6 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 detemtined by 
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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 pellets. Unlike sinking feed 

used in the culture of other aquatic animals, 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 (/cfahms punctafus) 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 3O/6. 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 level is recommended. In this 

way, rainfall will not nom?ally 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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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 usedas 

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, I-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) 
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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 l-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 IO mg/kg for IO 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 lb of 

fish/acre or 1364 - 2727 kg/acre or 3370 - 6738 kg/hectare at 2.21 lb/kg and 

2.47 acres/hectare (Appendix 3). At a total dose of 100 mg/kg of fish, 3.4 x IO5 

to 6.7 x IO5 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 
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overflow or release of water (draining) from the ponds into the general 

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

6.2 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 catfish (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 metaboliies (florfenicol amine, the alcohol, and the oxamic acid) and 

conjugates (e.g., glucuronides) of parent and metabolites (Appendices 510). 

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 
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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 pattern, but with radio labeled florfenicol included on the last 

treatment day. The highest concentrations detected in feces were equivalent to 

56.9 pg, and 53.8 pg florfenicol equivalents per g of feces at 5°C and IOOC, 

respectively (Appendices 5 and 6). These peak concentrations were found at 

24 hours and 12 hours at 5°C and IOOC, respectively, following the end of 

treatment, decreasing to 0.023 and 0.01 m/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 conjugates. Consumption is assumed to be complete and due to 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 ovefflow or release of pond water upon draining. 

SECTION 7. 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 cattle (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. 

7.1 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 Kow 

(0.373) (Appendix I), indicating that it will not partition to organic material (i.e., 

soils, sediment, suspended solids, or biota) but as a result of equilibration or 

18 



column. 

Tabk 2 

penetration. 

Florfenicof has a nsity of- 1.68 “gmkm’, (A nc$ii 1). It&& ranges from IO- 

27. This is a very tow value kr Kcc and 9~ that ‘kw991~r~farentia9iy be in 

the water rather Ihan in sediment or ass~~9~~d with s~%p d partic9es and 

would be considered highly mobile in soil. or 

0041 



INAD 8519 Aquaflor@ 50% Type A Medicated Article for Cattkh 

Environmental Assessment 15 January 2004 


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 

&(Appendix 1). However, the two ionizable metabolites, the amine and the 

oxamic acid metabolites, have higher L 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 

Amine uconol micIFlorfenicol I-_-L -.?A_ 1 acid 

SPAH Code No. SCH 25298 
% sorbed 2-10 
% Descrbed 79-93 


,Kd 0.07-0.59 

Koc fmae 1 O-27 162-241 t 7-76.5 1 36.4-642 
(geom.mean) 1 (18.38) (202.28) (20.16) (130.40) 
Mobility 1 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 L 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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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. 

7.2 Fate of florfenicoi in soils, sediments and excreta 

Studies on the adsorption and desorption of florfenicol and metabolites in three 

different soil types determined that flotfenicol 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 W-22). & and 

K, 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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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 KJL (i.e., absorption potential), and somewhat lower mobility than the 

parent compound (Appendices 1922). 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, O-l 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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Table 4 Summary of florfenicol degradation/dissipation 
water, soil, and sediments 

Study 

Aerobic 
Biodegradation in 
manure-amended soil 
Persistence of anti 
bacterial agents in 
marine sediments 

The decomposition 
characteristics in 
seawater 
Acute toxicity to the 
earthworm 

Florfenicol: 
Terrestrial plants, 
growth test 

Diluted chicken 
excreta 

Reference 

Appendix 26 

Appendix 28 

Appendix 29 

Appendix 33 

Appendices 31 and 
32 

30 

Matrix/System 

Manure amended 
soil 

Marine sediments 

A sediment water 
system 

Bioassay soil (14 
day earthworm 
sW’) 

Bioassay soil (21 
day plant study) 

Diluted chicken 
excreta 

studies in 

Environmental 
Half-Lives 
Half-lives ranged 
from 3.6 to 27.2 
days 
Dissipation half-lives 
of 1.7 and 7.43 days 
at O-l and 5-7 cm, 
respectively 
50% loss of anti- 
biotic activity in four 
days 
Half-lives for initial 
concentrations of 
l,lO, 100 and 1,000 
mgkg are 8, 14,37 
and 73 days, 
respectively. 
After 21 days 16%, 
ca 34.6% and 67.2% 
remained in soil 
treated with I,10 
and 100 mgkg, 
respectively 
80°h degradation in 
14 days @37’C 

7.3 Predicted environmental concentrations 

7.3.7 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 
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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 florfenicol-related 

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

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

production ponds to E. ictalutiand a lower susceptibility of older fish. 

7.3.2 Scenario I: Fingerling Pond 

The underlying assumptions for calculating potential releases of florfenicol- 

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

Assumotions: Initial PEC Calculations 

0 A 10 acre pond, 1 m in depth 
l Density of fish ranges from 3,000 to 6,000 lb/acre 
a Treatment IO mg/kg fish/day for 10 days or 100 mg/kg fish total 

application 
Pond is drained 42 days after the last (IO*) day of application. 
Food pellets are 100% consumed by catfish 
1 acre = 4046.86 m* 
1 hectare = 2.47 acre =lO,OOO m* 
1 hectare, 1 meter in depth = 10,000 m3 
1 kg = 2.2 lb or Ilb = 0.45 kg 

Calculations: 

1. 10 acres 1 meter deep = 40468.6 m* 1 meter deep or 40468.6 m3 

2. 40468.6 m3 x 1,000 Urn3 = 40,468,600 L pond volume 

3. 6,000 lb fish biomass/acre x 10 acres = 60,000 lb fish in pond 

4. 60,000 lb fish x 0.45 kg/lb = 27,000 kg fish/ in pond (10 acres). 
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l 1 hectare, 1 meter in depth = 10,000 m3 
l 1 kg = 2.2 lb or Ilb = 0.45 kg 


Calculations: 


1. 	 10 acres 1 meter deep = 40468.6 m* 1 meter deep or 40468.6 m3 

2. 	 40468.6 m3 x 1,000 Urn3 = 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 fiorfenicol/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 PEL is 0.112 mg/L for production pond water on the last 

day of treatment. 

This preliminary PELe, 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 PEke, (Scenario II) includes considerations of additional 

environmental fate processes (biodegradation), dilution and dissipation (see 

Section 7.3.4 below). 

7.3.4 	 Refined PECwater Values 

In Scenario I above the initial PEC water 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 fingerling ponds represent 30 percent of the annual discharge. 

Furthermore, the conservative scenario being employed includes the initiating of 
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0 i Table 5 Refined PEC&- values for different scenarios 
Scenario Pond Type Assumptions Refined 

PECwater 
Scenario I Fingerling Ponds 	 Drained 42 0.00268 mg/L 

daysaafter 
treatment, and a 
10 fold dilution in 
receiving waters 
Drained in six 0.0000523 mg/L 
months, and 10 
fold dilution in 
receiving waters I Scenario II Production pond No storage all rain 0.0104 mg/L 

(levee type) 	 is overflow 
Storage capacity 0.00042 mg/L 
for the 9Oti 
percentile volume 
of rainfall events 

a  F ingerling 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  m inimum pre-harvest 
interval of 12  days and a  m inimum 30 days of harvest activities. Draining would occur no  
less than 42 days after the last treatment. The  degradat ion half-life is 30  days. 

i 

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 m ixing 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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to retain all rainfall 90% of the time (period of one week). Assuming a QO* 

.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’h 

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 >90N 

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 PEGer for Scenario II 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 IOO-fold dilution factor is 

applied to the pond water value to obtain the final, refined PELr for Scenario 

II of 0.00042 mg/L (Table 5). 

Finally, a very extreme, worst-case estimate of the PEC’,t,, (Alternate Scenario 

II) 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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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 returned 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 (Appendii 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 (ME) (mg/l) data for 
florfenicol and major metabolites against 
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Table 7 Toxicity data for florfenicol and major metabolites 
against Selenastrum capricomutum and Skeletonema 

I 
, / 

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 call density for S. capricomutum 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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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 Results of toxicity tests with early life stages of a 

a Data is taken from Appendix 44. 
l 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 mgll (Appendices 45 

and 46)(Table IO). While the 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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7.3 PNEC Calculations 

The Predicted No Effect Concentrations (PNECs) are presented in Table 11 for 

key species of fish, invertebrates, algae and one microbial species. Toxicity 

values range over four orders of magnitude with fish, 0. mykiss and L. 

macrochinrs, having the highest reported NOEC values of 780 and 830 mg/L, 

respectively, and S. co&turn 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. capriconwfum, and the most sensitive reported microbial 

species, B. subfiiis. 

Assessment factors applied to NOECs and MlCs 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 (1 Ox) 

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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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. vannarnei, an estuarine/marine shrimp species; two aquatic plant 

I species; and the microbial species. 

The refined PEL, values used in Tables 12-14 are worst-case scenarios. 

Scenario I, 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 PEL*, 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 florfenicol 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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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 I) exceeds a ratio of 1.0, the threshold of concern, by a 

factor of six. All other ratios are well below 1.0 ranging from 0.000344 to 0.067 

(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. capficomutum; three orders of 

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

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

End Point Results AF PNEC pt!z PEC:PNEC 

Organism (WU owu OWU OWL) 
Ratio 

Oncorhynchus 96-h L&j ~780 100 7.8a 0.00268 0.000344 
+ 

Lepomi3 96-h L&J a830 100 8.3a 0.00268 0.000323 
macrochhus I I I 
DaMnia mat-ma >330 1 100 3.30a 0.00268 0.000812 
Litopenaeus 48-h NOEC c4 10 0.4b 0.00268 0.0067 
vanname- I I I 
Sdenastrum 14-d NOEC 0.75 10 0.075b 0.00268 0.0357 
capricomutum I I I 
Skekfonema 72-h NOEC 0.0042 IO 0.00268 6.38 
costatum 
Bad/~ subtilis MIC 0.4 10 0.00268 0.067 
a 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. 
bAn 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 (0. 

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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Table 13 Risk Characterization, Scenario II: Summary for levee 

macrochirus 

a 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. 

bAn application factor of IO was used to account for intraspecies variation. These toxicity 

values are considered chronic endpoints. 


The extreme worst-case example of production ponds (Alternate Scenario II), 

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 PEL value of 0.0104 

mg/L (Table 14, column 6). The PEC:PNEC ratios for Alternate Scenario II 

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 concern (i.e., a ratio of 1.0) is the 

PECPNEC of 24.7 for S. cosfafum. All other ratios are below 1 .O even with 

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

ratios. 
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Table 14 Risk Characterization, Scenario II: Summary for levee 
production ponas ’ 

End Point / -;;; 

Organism WU-) 

Oncdwnchus 96-h LC& 1 >780 1 100 1 7.8a 0.010 4 0.00133 
I I 

Lepcnnia 96-h LCko ~830 100 8.3a 0.0104 0.00125 
macrochirus 
Daphnia magna 48-h L&J >330 100 3.30a 0.0104 0.00315 

Litqpenaeus 48-h NOEC <4 IO 0.4b 0.0104 0.026 
vannamei 
Selenastrum 14-d NOEC 0.75 IO 0.07!jb 0.0104 0.139 
captfcomutum 
Skeletonema 72-h NOEC 0.0042 IO o.oo042b 0.0104 24.7 
caetatum I I I I I I 
Bacilllus subti!lis MIC 1 0.4 1 IO 1 OsMb 1 0.0104 0.26 

a An application factor of IO was used to account for intraspecies variation and a factor of 10 
was used in the extrapolation from acute to chronic data. 
bAn 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. 

cosfafum. Although PEC:PNEC ratios of >I .O 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. cost&urn 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 (Le., completely 

algistatic) was not reached in a static system. Similar inhibition would not be 
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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. icfaluti 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. icfaluti 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 

(May - June) and fall (September - October) (Appendix 2). Since Aquaflor 

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 catfish production ponds. 

In the production farm situation (Scenario II), 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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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 b 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 Aquaflor will be used solely under a 

prescriptive use pattern. 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. cosfafum. 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 



-- 

7 

environme* {~~~a~ed 

data are avaiiatjls ind -that 

ly 

pote~~~ti~ 

In the 

sf 30 days) fcxwhich 

Specific&l&any m&&be evaWtad in 

Health believ~s~~th~~ t&e ti 

given the con&vati~* n 

worst*case sdena$o 

storage), whiqh ‘is not e&3 the sowest 

ie 7). 



INAD 8519 	 Aquaflor@ 50% Type A Medicated Article for Catfish 
Environmental Assessment 15 January 2004 

populations to potentially reach pathogenic levels in catfish 

ponds; 

l Florfenicol, the active ingredient in Aquaflor, will remain in water where it 

dissipates due to degradation and dilution; 

l Florfenicol release is limited by catfish culture (frequency and timing of 

pond draining) and water management practices (water storage); 

l Florfenicol presents a low potential hazard based on toxicity studies with 

a range of organisms; 

l Exposures in aquatic systems are expected to be low and transient 

l 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 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. 
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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. 

Richard G. Endris, Ph.D. 

Research Program Manager 

Schering-Plough Animal Health Corp. 
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