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1.0 Date 
February,  1996 

2.0 Name of Applicant 
Bayer  Corporation,  Agriculture  Division,  Animal  Health 

3.0 Address 
Bayer  Corporation 
Agriculture  Division 
Animal  Health 
P.O. Box 390 
Shawnee  Mission,  Kansas  6620  1-0390 

Inquiries  regarding this assessment  should be  directed  to: 
Greg  Gagliano 
Phone:  913-268-2751 

4.0 Description of the  Proposed  Action 

4.1 Request Approval and Need for Action 
This environmental  assessment is necessary  for  the  approval of the new animal drug, 
(enrofloxacin),  for  use in poultry,  specifically  chickens  and  turkeys. Enrofloxacin is a 
fluoroquinolone  antibiotic  that  will  provide  the  poultry  industry an efficacious product  for 
the  treatment of Escherichia coli infections  in  chickens  and E. coli and Pasteurella 
multocida (fowl  cholera) in turkeys. An estimated  population of 6.7 billion birds is 
anticipated to benefit from this product  during  the  first  year  of  introduction. 

4.2 Location  Where  the  Product Will Be Produced 
The  drug  subsfance  will  be  produced  by  Bayer  AG  in  Wuppertal,  Germany. The 
formulation  and  packaging  will  be  done  at  Bayer  Corporation’s Animal Health 
manufacturing  facility in Shawnee  Mission, Kansas, USA. 

4.3 Location Where  the Product Will Be Used 
The  ultimate  use  of  the  finished  product  will be  in  chicken  houses  and turkey raising 
operations.  Finished  products  will  be  stored  in  distribution  centers  throughout the United 
States prior  to  transportation to veterinary  clinics.  BAYTRIL@  3.23% Concentrate 
Antimicrobial  Solution  is  a  prescription drug.  Federal  (U.S.A.)  law restricts this drug  to 
use  by  or  on  the  order of a  licensed  veterinarian. 

Page 4 of 119 2/29/96 



4.4 

4.5 

5.0 

5.1 

5.2 

Locations Where Product Will Be  Disposed 
Disposal of unused drug product  may  result during manufacturing activities, fiom the 
discarding of returned  goods, or fiom end-user disposal of individual units of empty or 
partly empty finished  product  containers.  The present inf?astructure at the proposed 
manufacturing sites provides  for  the  ultimate disposal of product through landfilling and 
incineration. 

Type of Environment Present At and Adjacent to Manufacturing Locations 
The areas around the manufacturing  facility in Wuppertal, Germany and Shawnee 
Mission,  Kansas, USA are characterized by mixed  use land patterns consisting of 
residential,  commercial,  and  industrial areas. 

Identification of Chemical  Substances of the Proposed Action . .  

. .  Chemical Process 
The materials listed  below are used in the chemical  process  by the manufacturing facility 
in  Wuppertal,  Germany for the synthesis of enrofloxacin, the final active drug: 

fluoroquinolone  carboxylic  acid 
N-ethyl  piperazine 
butyl glycol 
acetic  acid 
anhydrous ethyl  alcohol  with  toluene 
activated  carbon 
diatomaceous earth 
ammonium hydroxide (25%) 
purified  water 

Proposed  Bulk Drug Specifications 
Greater  than 99 percent  enrofloxacin  and  less than 1 percent  each of desfluoro compound 
and  ciprofloxacin 

Pharmaceutical  Formulation 
Copies of the  Material  Safety  Data  Sheets for the final drug product  and for the 
ingredients used in the  formulation  of the drug product  (except  water,  which is 
non-hazardous) are presented  in  Appendix 1. The following describes the main 
properties of the  components used in the BAYTlUL@ 3.23% Concentrate Antimicrobial 
Solution formulation. 
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5.2.1 Enrofloxacin 
Svnonvms and  Abbreviations 
enrofloxacin 
Baytril@ 
Bay Vp 2674 
CAS Registry No. 93  106-60-6 

Chemical  Name 
1 -c~clopropyl-7-(4-eth~l-1 -piperazin~l)-6-fluoro-1,4-dihydro-4-oxo-3-quinol~e 
carboxylic  acid 

Molecular  Formula 
c19H22FN303 

Structural  Formula 

0 0 

Molecular  Weight 
359.4 

Melting  Point 
222 - 226°C 

Solubilities  in  Water 
1100 m g L  at pH 5.0;  25°C  (Bayer  Report No. 73353) 
250 mgL at pH 7.0;  25OC (Bayer  Report No. 73353) 
600 mgiL at pH 9.0; 25°C (E3ayer Report No. 73353) 

Vapor  Pressure 
1 x nun Hg at 25°C (Bayer  Report No. 73409) 
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5.2.2 

5.2.3 

5.2.4 

& 

n-OctanoVWater  Partition  Coefficients 
QW = 0.4 at pH 5.0 (Bayer Report No. 73390) 
Kw = 3.1 at pH 7.0 (Bayer  Report No. 73390) 
GW = 0.7 at pH 9.0 (Bayer  Report No. 73390) 

Classification 
Therapeutic:  synthetic  antibiotic. 
Pharmacological: in poultry for treatment of E. coli infections in chickens and 
turkeys  and  fowl  cholera  in  turkeys . 
Propylene  Glycol 
CAS Registry No.: 000057-55-6 
Molecular  Formula: C3H802 
Molecular  Weight:  76.1 
Description:  Viscous,  hygroscopic liquid 

Benzyl Alcohol 
CAS Registry No.: 100-5  1-6 
Molecular  Formula: C7H80 
Molecular  Weight:  108.13 
Description:  colorless  liquid 

Water 
CAS Registry No.: 7732-1  8-5 
Molecular  Formula: H20 
Molecular  Weight:  18.1 
Description:  colorless  liquid 

. .  

6.0 

6.1 

Introduction of Substances  into  the Environment 
Portions of the materials  listed in Section 5  will be released into the environment as a 
result of the proposed  action.  These will be  generated from the manufacturing site in the 
form of air emissions,  liquid  waste  streams,  and solid waste. 

Production Site 
Enrofloxacin has  and  will  continue to be  manufactured for world wide use at  the Bayer 
AG facilities in  Wuppertal,  Germany. The substances emitted from the facilities during 
manufacturing  are  ethanol, ammonia, butyl  glycol,  and general waste  water from process 
operations. Emissions  are  controlled  by  Bayer  AG’s department of environmental 
protection (WV-Umweltschutz)  in  compliance with the applicable German laws and 
pertinent regulations  as  described  in  Appendix 2. 
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6.2 Formulation Site 
The  BAYTRIL~ 3.23%  Concentrate  Antimicrobial  Solution  will be manufactured at &e 
Bayer  Corporation’s  Animal  Health  facility  in  Shawnee  Mission, Kansas, USA. The 
manufacture of the  formulation  will  consist of mixing  the  bulk enrofloxacin (fiom 
Germany)  with  other  formulation  components to form a homogeneous solution. The 
formulation site is located in a  suburban area. The 53-acre facility is surrounded by 
mixed (residentialhommercial) land use patterns. 

Air Emissions 
Air emissions fiom the  formulation  process  for the BAYTRIL@ 3.23% Concentrate 
Antimicrobial  Solution  will  consist of both  minor  particulate  and volatile organic 
compound (VOC) emissions.  Particulate  emissions  are controlled by a dust collector 
with an efficiency of 99.998 %. VOC emissions are vented through the building’s 
W A C  system  which  contains no special  control  devices. There are no Hazardous Air 
Pollutant (HAPS) emissions  from  the  process. 

. . ~  

Liquid 
Liquid  waste  streams  resulting  fiom the pharmaceutical formulation and packaging 
operations will  consist  of  residue  waste  waters fi-om sanitary use and washing operations 
which will be  discarded  to the Public  Owned  Treatment Works (POTW) operated by the 
Johnson County  Unified  Wastewater  District #l. 

Bayer  Corporation  has  been  issued  Industrial  Wastewater  Discharge  Permit #92TC101 
for its pharmaceutical  operations  and is regulated  by  the Johnson County Wastewater 
District,  controlling  authority as described in 40 CFR Part 403 under the authority of the 
State of Kansas,  KSA  19-27,  168.  All  discharges  associated with the formulation of  the 
BAYTRIL@ 3.23%  Concentrate  Antimicrobial  Solution are regulated by the effluent 
limitations and  conditions  established in this permit.  Production of this product should 
not cause any  violations  of  existing  parameters as set forth  by  the Johnson County 
Environmental  Department. 

.Liquid  wastes  arising  from  rejected raw materials,  rejected  batches, or samples will be 
incinerated  at an EPA-licensed  Treatment  Storage  and  Disposal Facility (TSDF) in 
accordance with  Resource  Conservation and Recovery  Act  (RCRA) regulations. The 
Bayer  facility  is  currently  registered as a  hazardous  waste  generator and holds EPA I.D. 
#KSD007 162407.  Production  of  this  product  will  not  change our regulated status as a 
Large  Quantity  Generator. 

Solid 
Solid  waste will consist of  cardboard,  paper,  and  plastics.  Cardboard  material will be 
baled for recycling. All other  material  will be disposed of in a sanitary landfill. 
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Statement of Comuliance 
The site selected is already a manufacturing facility for animal health drugs. It is 
currently in full compliance with all applicable environmental laws and regulations. The 
proposed action will not affect the overall status of the facility. 

Approval of the proposed action will result in minor increases of air emissions exhausted 
to the atmosphere, liquid wastewater discharged to the POTW, and solid wastes destined 
for landfill disposal or recycling. In the long term, the approval will result in the use of 
resources confined to raw materials and utilities in the manufacturing area. Operations 
will be conducted in compliance with all applicable regulations enforced by the local, 
state, and federal levels as appropriate. The following’ environmental regulations or 
standards are cited as applicable to the proposed action: 

Clean Air Act, as amended 
Kansas Air Quality Act, as amended 
Solid Waste Disposal Act, as amended 
Clean Water Act, as amended 

: 

Kansas Hazardous Waste Management Act, as amended 
Johnson County Code of Regulations for Sanitary Sewer Use, as amended 
Resource Conservation and Recovery Act, as amended 

6.3 Use Sites 
The intended use of BAYTRIL@ 3.23% Concentrate Antimicrobial Solution is for the 
treatment of E. coli infections in chickens and E. coli and P. multocida (fowl cholera) 
infections in turkeys. The label dose is 25 to 50 ppm in drinking water for 3 to 7 days. 
The drug will be packaged in one-quart and one-gallon containers. 

To identify what the significant excretion products are from chickens and turkeys treated 
with BAYTRIL@ 3.23% Concentrate Antimicrobial Solution, excreta were analyzed. 

Excreta from male and female turkeys previously treated with i4C-enrofloxacin 
equivalent to the recommended treatment rate (50 ppm in the drinking water for 7 days; 
Bayer Report No. 106544-l) were analyzed to determine the metabolites excreted from 
turkeys. Of the radioactivity in the excreta, 69% was comprised of enrofloxacin and 
enrofloxacin conjugates, 23% as ciprofloxacin and a ciprofloxacin conjugate, 1% as 
oxociprofloxacin, and 7% as bound residues. Two unknown metabolites each 
represented 50.4% of the total radioactivity in the excreta. Enrofloxacin and 
ciprofloxacin are the primary metabolites excreted by turkeys and represent 92% of the 
excreted radioactivity. The remaining residues each represent ~10% of the administered 
dose (Bayer Report No. 106632). 

Excreta from male and female chickens previously treated with “C-enrofloxacin 
equivalent to the recommended treatment rate (50 ppm in the drinking water for 7 days; 
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- - 
Bayer  Report No. 106543-1)  were  analyzed  to  determine  the metabolites excreted from 
chickens. Of the  radioactivity  in  the  excreta,  87%  was  comprised of enrofloxacin, 1% 
was a  mixture of hydroxylated  enrofloxacin  and  a  conjugate of enrofloxacin, 2% was 
ciprofloxacin, 7% as bound  residues,  and  five  minor  metabolites each represented (1% of 
the excreted  radioactivity.  The  primary  residues  excreted  by chickens are enrofloxach 
and  ciprofloxacin;  the  remaining  residues  each  represent 4 0% of the administered dose 
payer  Report No. 106937). 

Based on these  excretion  profiles,  enrofloxacin  and  ciprofloxacin are the only significant 
substances introduced  into the environment  fiom the use of enrofloxacin with chickens 
and/or turkeys. 

Statistics from  the  United  States  Department  of  Agriculture  indicate that there were 
approximately  6.4  billion  chickens  and  approximately  288 million turkeys raised in the 
United States in 1992 (USDA, 1993).  Most of the production was centered in the  states 
of (in descending  order  of  production):  Arkansas,  Georgia,  Alabama, North Carolina, 
Mississippi,  Texas,  Maryland,  Delaware,  California,  and  Virginia (USDA, 1993). Most 
of the  turkey  production was centered  in  the  states of (in descending order) North 
Carolina,  Minnesota,  California,  Arkansas,  Missouri,  Virginia, Indiana, Pennsylvania, 
Iowa,  and  South  Carolina  (USDA,  1993). 

Manure Handling  and  DisDosal  Practices 
The major  use  of BAYTmL@ 3.23% Concentrate  Antimicrobial Solution will be in 
broiler  houses  and  turkey  raising  operations. A general  description of broiler and turkey 
management practice  is  provided to support  an  understanding of terrestrial and aquatic 
exposures resulting  fiom  the  use of BAYTRIL@  3.23%  Concentrate Antimicrobial 
Solution. 

Turkeys 
Large  turkey  houses  contain  about  25,000  birds  and  are  set  twice  per  year. In a typical 
turkey house operation  the  excreta  is  mixed  with  sawdust  and  wood shavings (in a  3 to 1 
ratio). The manure is removed  fiom the houses  once  per  year  (after the second setting) 
and  typically is spread  immediately  over  agricultural  fields.  On occasion, the litter may 
be  stockpiled  prior  to  being  spread. 

Dry litter is applied  to  fields  once  or  twice  a  year  (fall  or  spring),  but only one application 
per  field is made  within  a  12-month  period.  Application  rates  range  from 3 to 5 dry tons 
per acre (4 dry  tons  average)  based on the  nitrogen  content of the soil, the nitrogen 
content of the  litter, and  the  nitrogen  requirements of the  crop  being planted in the field. 
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Chickens 
Large broiler  houses  contain  about 23,000 birds and are  usually set six times  per year. In 
a  typical  broiler  house  operation  the excreta is mixed with rice hulldwood shavings (in  a 
5 to 1  ratio).  The  manure is removed fiom the houses once per year (after the sixth 
setting) and  typically is spread  immediately over agricultural fields. On occasion, the 
litter may  be  stockpiled  prior to being  spread. 

Dry litter is applied to fields once or twice a year (fall  or  spring), but only one application 
per  field is made  within a 12-month  period.  Application rates range fiom 3 to 5 dry tons 
per  acre (4 dry  tons  average)  based on  the nitrogen  content of the soil, the nitrogen 
content of the  litter,  and the nitrogen  requirements of the crop being planted in the field. 

Currently,  biodegradation of broiler and turkey litter is  limited to composting of wet 
cakes (clumps of litter)  removed fiom the houses  between  sets. Carcasses of dead birds 
are also  added to this compost  pile. The final  composted litter and caicisses are spread 
over  agricultural  fields. 

To determine  the  concentration of drug residues  which  could  be applied to an agricultural 
field, the  following  scenario  and  assumptions were used: 

Turkeys 
A typical  turkey  house  will  have  25,000  birds  per set. Morbidity ranges from 2 to 
25  percent  for E. coZi and  up  to  100  percent  for fowl cholera  (Bayer Veterinary technical 
services estimates).  The USDA does not compile  information on turkey morbidity 
(Donna  Carver,  poultry  specialist - personal  communication, 1999, but these estimates 
appear  to  be  reasonable.  Birds  contracting E. coli infections are usually 3 to 4 weeks old 
and  birds  contracting  fowl  cholera are usually 10 to 12 weeks  old. It is assumed that all 
birds  with  these two diseases  will  be  treated  with  enrofloxacin.  In actual practice, an 
entire house is treated  for  disease  not just individual  birds.  Therefore, it is assumed that 
one setting  out of 4 (25 percent)  will be treated with enrofloxacin. This equates to one 
house  being  treated  once  every  other year. 

Although  young  birds  are  those  typically  treated, for this assessment  a conservative 
estimate is  used,  i.e.  adult  birds  will  be  treated (1 5 lbs). This is a  very conservative 
estimate and  represents  a  worst-case  scenario since large  birds  ingest more drug than 
smaller  birds. 

An  adult  15-lb  turkey  produces  approximately  0.7  1  lbs  of  wet  manure per day with a 
solids content of 25.5  percent  (Ohio State University,  1992). This equates to 0.18 lbs of 
dry  manure  per  day  (0.71  Ibs x 0.255 solids = 0.18 Ibs dry manure solids). 
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At a rate of 0.18  lbs dry manure/day,  for  one  setting  (1 80 days), a turkey house with 
25,000 birds  will  produce: 

(25,000 birds) x (0.18 lbs dry manure/day/bird) x (1  80 daydsetting) = 

8.1  x lo5 lbs dry manure  per  setting or 3.67 x 1 O5 kg dry manure per setting. 

Essentially,  the  amount of drug ingested  by  a  bird is nearly  100  percent excreted by the 
bird. The concentration of drug residues in the  manure of turkeys  treated with 
enrofloxacin  can  be  estimated fiom the recommended  dosage and the average amount of 
manure  produced  by  commercially  raised  turkeys.  The  treatment  dosage can be 
calculated  based on the  label  rate  of 50 mg/L  (ppm)  in  drinking  water for 7 days  and 
water  consumption  per  bird  (0.64 Lhirdday) as follows: 

(50 mn enrofloxacid-,) x (0.64 L/birddav) x (7 days) x (25.000 birddsettind = 
(3.67  x  1 O5 kg dry manure/setting) 

. . .  

15.3  mg  drug  residues/kg  dry  manure 

This represents  the  maximum  concentration of residue in the excreta from turkeys. In 
actual  practice  the drug residues in the  litter  will  be  less  since the excreta fiom treated 
birds  will  be  mixed  with  excreta  from  untreated  birds. 

Chickens 
A typical  broiler  house  will  have  23,000 bird  per set.  Morbidity  ranges from 2 to 
3 percent  (Bayer  Veterinary  technical  services  estimates)  for E. coli infections. The 
USDA does not  compile  information  on  chicken  morbidity (Donna Carver, personal 
communication, 1999, but  these  estimates  appear  to  be  reasonable.  Birds contracting 
E. coli infections  are  usually  young  (1  to 4 weeks  old).  It  is  assumed  that all infected 
birds  will be treated  with  enrofloxacin. In actual  practice, an entire house is treated for 
disease not just individual  birds.  Therefore,  it is assumed  that one setting out  of 6 
(1  7  percent)  will  be  treated  with  enrofloxacin.  This  equates  to one house being treated 
once  every  year  and  is  a  very  conservative  estimate  since  it  assumes  a morbidity rate 
nearly 6 times  higher  than  what  occurs  in  actual  broiler  operations. 

Although  young  birds  (1 to 4  weeks  old)  are  those  typically  treated,  for this assessment a 
conservative  estimate  is  used, i.e.  adult  birds  will  be  treated (4 lbs). This is a  very 
conservative  estimate  and  represents  a  worst-case  scenario  since  large  birds ingest more 
drug than smaller  birds.  As  with  turkeys,  the  amount of drug  ingested by a chicken is 
nearly 100 percent  excreted  by  the  bird. A 4-lb  broiler  chicken  produces approximately 
0.28 lbs of wet  manure  per  day  with  a  solids  content of 25.2  percent (Ohio State 
University,  1992).  This  equates  to  0.071 lbs  of dry manure  per  day (0.28 lbs x 0.252 
solids = 0.071  lbs  dry  manure  solids). 
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(23,000  birds) x (0.071  lbs dry manure/day/bird)  x (42 daysketting) = 

68,586 lbs dry manure  per  setting  or  3  1,110  kg dry manure per setting. 

The concentration of drug  residues in the manure of chickens treated with enrofloxacin 
cag  be estimated fiom the  recommended  dosage  and the average mount  of manure 
produced by commercially  raised  broiler  chickens. The treatment dosage can be 
calculated based on the label  rate of 50 mg/L  (pprn) in drinking water for 7 days and 
water consumption  per  bird (0.12  L/bird/day) as follows: 

(50 mg enrofloxacifi) x (0.12 Lhirddav) x  (7  days) x (23,000 birdslsetting) = 
(3  1,110  kg  dry manureketting) . .  

3 1.1  mg  drug residueskg dry manure 

This represents the  maximum  concentration of residue  in the excreta from chickens. In 
actual practice the drug residues in the litter will be less since the excreta from treated 
birds will be mixed  with  excreta fiom untreated  birds. 

7.0 Fate of Emitted Substances in the Environment 
The fate and transport  of  enrofloxacin  and  its  major  metabolite, ciprofloxacin, in  the 
environment are  dependent on the  chemical  and  physical properties of these compounds. 
Several studies have  been  conducted to evaluate the characteristics of enrofloxacin which 
may influence its fate in the  environment.  Report summaries for the environmental fate 
studies for enrofloxacin  and  ciprofloxacin  are  presented in Appendix 3. The following 
data relate to the fate of enrofloxacin  and  ciprofloxacin  in the environments where the 
drug will be used. 

These data show that  enrofloxacin’s  and  ciprofloxacin’s  properties; namely their tight 
binding to soil, relatively high water  solubility,  rapid  photolysis in water, and non- 
volatile nature,  predict  a  negligible  exposure  in air, minimal exposure and residence in 
water and  biota,  but  persistence  and  immobility  in  soil  and sediment. 

Enrofloxacin Physical  Chemical  Data 
The aqueous solubility  of  enrofloxacin was determined  to be 1100 ppm at pH 5,250 pprn 
at pH 7, and 600 ppm  at  pH 9 (Bayer  Report No. 73353). The n-octanovwater partition 
coefficient (k,) of enrofloxacin  was  determined to be  0.4 at pH 5 ,  3.1 at  pH  7, and 0.7 at 
pH 9 (Bayer Report No. 73390).  The  vapor  pressure  of enrofloxacin is < mm Hg 
(Bayer Report No. 73409). 
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The dissociation constants (pm were experimentally determined to be 6.27 and 7.73 for 
enrofloxacin using potentiometric titration methods (Bayer Report No. 73955). As a 
consequence, enrofloxacin will be present in the environment in an ionic form. The 
ionic species include a cation, an anion and a dipolar zwitterion. 

Under moderate conditions (pH 5,7, and 9 at WC) enrofloxacin does not readily 
undergo hydrolysis (Bayer Report No. 106423). However, enrofloxacin is rapidly 
photolyzed in water with half-lives of 20.6 minutes at pH 5,3.4 minutes at pH 7, and 
14.3 minutes at pH 9 (Bayer Report No. 106562). The electromagnetic absorption 
spectrum of enrofloxacin exhibits maximum absorbance at 271 to 276 nm and a broad 
shoulder peaking between 322 and 344 run at pH 5,7,, and 9 (Bayer Report No. 73954). 

Enrofloxacin Environmental Fate Data 
The adsorption and desorption of compounds in soil and manure can significantly 
influence transport processes in the environment.. The adsorption of a compound to soil 
is described by the adsorption coefficient, &. A large & value indicates that the 
compound is strongly associated with soil or manure. The adsorption/desorption 
potential of enrofloxacin was determined for poultry excreta, and four types of soil. 

I(d values for enrofloxacin were determined in four soil types which represent a range in 
naturally occurring soil types, including a silt loam, clay loam, sandy loam, and loam. 
The results are presented in the table below. Nearly complete (> 99.7 %) sorption of 
enrofloxacin to the soils occurs rapidly when exposing soils to 14C-emofloxacin. 
Desorption of the bound enrofloxacin from the soils was insignificant (< 0.26%) under 
the conditions specified by the FDA guideline (5 ml of 0.01 MCaCl,/g soil); As 
demonstrated by the very large K,, and &, values, enrofloxacin tightly binds to soils and 
is immobile (Bayer Report No. 106555). 
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In addition, the adsorptioddesorption behavior of enrofloxacin on chicken excreta and 
turkey excreta was also evaluated. The results are presented in  the following table. 

Manurefixcreta 1 Chicken I Turkey I 
I I 

PH I 7.3 I 6.0 1 
Organic Carbon (%) 

56.2 60.7 Organic Matter (%) 
32.7  35.3 

" I 

Cation Exchange I 
\ ' I  

I I 
Capacity (meq/l OOg) 38.7 19.3 

Adsorption (%) 
51 - 72 33 - 54 Desorption (%) 
29 - 41 44 - 63 

Kd 
198 395 k C  

64.6  139 

. . .  

As demonstrated by the I& and GC values,  enrofloxacin also binds to poultry excreta, 
although not nearly to the extent as with  soil. 

The sorption of enrofloxacin was up to 63%  to chicken excreta, and up to 41% to turkey 
excreta. The percent desorption of the adsorbed  enrofloxacin was up to 54% fiom 
chicken excreta and  up  to  72% for turkey  excreta  (Bayer Report No. 106557). This study 
demonstrates that  enrofloxacin binds relatively tightly to chicken and turkey feces. 
However, whatever residues desorb from poultry  excreta,  will  bind tightly and  nearly 
irreversibly to  soil  upon contact with litter and soil. 

Aerobic biodegradation of enrofloxacin in soil was tested in three soils types. The results 
indicated that degradation in soil was slow. The half-life of enrofloxacin in three soil 
types ranged  from 359 to 696 days (Bayer  Report No. 106560).  However, enrofloxacin 
was shown to be degraded by fungi in vitro (Bayer  Report No. 106772). This  suggests 
that whenever  enrofloxacin residues desorb  from  manure andor soil, the unbound 
enrofloxacin can  be  degraded in the natural  environment since this group of fungi are 
commonly  found in soils. The process  will  occur  more slowly in the natural environment 
since the desorption of enrofloxacin  from  soil  is a very  slow  process. 

Ciprofloxacin Physical  Chemical  Data 
The aqueous solubility of ciprofloxacin was  determined  to  be 292 ppm at  pH 5, 59.1 ppm 
at pH 7, and 200 ppm at pH 9. The n-octanoVwater  partition coefficient (KW) of 
ciprofloxacin was  determined  to  be  0.0852 at pH  5,O.  165 at pH 7, and 0.0360 at  pH 9. 
The vapor pressure of ciprofloxacin is < mm Hg (Bayer  Report No. 106436). 
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Under  moderate  conditions (pH 5,7, and 9 at 50°C), ciprofloxacin does not readily 
undergo  hydrolysis  (Bayer  Report No. 106430). However, ciprofloxacin is rapidly 
photolyzed  in  water  with  half-lives of 46.4 minutes at  pH 5,9.0 minutes at  pH 7, and 
23.1 minutes at  pH 9 (l3ayer  Report No. 106563). 

The dissociation  constants (pm were  experimentally determined to be 5.71 and 9.59 for 
ciprofloxacin using  potentiometric titration methods (Bayer Report No. 106436). As a 
consequence,  ciprofloxacin will be present in the environment in an ionic form. The 
ionic species  include  a  cation, an anion and  a dipolar zwitterion. 

These data indicate  that  ciprofloxacin is very similar to enrofloxacin with respect to 
physical  chemical  properties. 

Ciprofloxacin  Environmental  Fate Data 
K,, values for ciprofloxacin  were  determined in four soil types which represent a range in 
naturally  occurring  soil types, including  a  silt loam, clay  loam, sandy loam,  and loam. 
The results are presented in the table  below. Nearly complete (> 98.7 %) sorption of 
ciprofloxacin to the soils  occurs  rapidly  when  exposing soils to *4C-ciprofloxacin. 
Desorption of the bound  ciprofloxacin from the soils was insignificant (< 0.69%) under 
the conditions  specified  by the FDA  guideline (5 ml of 0.01 MCaC12/g soil). Based on 
the high & and kc values,  ciprofloxacin  tightly  binds to soils and is immobile (Bayer 
Report  No. 106556). 

Soil Type; Soil Series;  and Source 
Silt Loam; 

Morley; Tifton; Bearden; Drummer; 
Loam; Sandy Loam; Clay Loam; 

Parameter Allen Co . , IN Meigs, GA Casselton, ND Champaign, IL 
PH 6.2 

2.0 2.2 3 .O 3.3 Organic  Matter (%) 
1.1 1.3 1.7 1.9 Organic Carbon (“A) 
5.5 5.5 7.7 

Cation  Exchange 
Capacity (meq/lOOg) 24.5 29.6 4.5  8.0 
Sand/Silt/Clay (“YO) 3 6/24/40  70/12/18 2713 1/42 2315 1/26 

Adsorption (%) 99.5 99.3 99.4 98.7 
Desorption (%) 0.27 0.36 0.33 0.62 

________-- - 

Kd 1479 544 60 1 918 
k c  134465 41841 35342 48341 
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Although the  sorption  of  ciprofloxacin to poultry  excreta was not directly studied, based 
on  the similarity  of  the  enrofloxacin  and  ciprofloxacin  sorption behavior on  the  same 
soils and on cattle  manure  (Bayer  Report No. 106557), ciprofloxacin should also bind to 
poultry  excreta to approximately  the  same  extent as enrofloxacin  did (discussed on 
previous page). 

Aerobic biodegradation of ciprofloxacin in soil was tested in three soils types. The 
results indicated that degradation in soil was slow. As minimal degradation occurred 
over the 65-day  study  period,  half-lives of ciprofloxacin in the three soil types were not 
calculated (Bayer  Report No. 106561). 

The physical  and  chemical  properties of enrofloxacin  and  ciprofloxacin are very similar. 
Moreover,  the  environmental  fate  of  enrofloxacin  and  ciprofloxacin in and on soil, 
manure, and  water  are  also  similar.  Although there are  differences in actual values, the 
practical differences  are  not  significant. For example,  the Kc values for enrofloxacin 
range from 74,63 5 to  3 5 5,94  1  for  enrofloxacin  compared to Kc values of 3 5,342 to 
134,465  for  ciprofloxacin on the  same  soils.  Although  the  enrofloxacin qC values are 
higher  by  a  factor  of 2 to  3, this difference  isn’t of practical significance when any 
compound with  a kc value  greater  than  1000 is considered  immobile, and the I& values 
for both  compounds  exceed  the GC classification of 1000  by a minimum of 35 times. 

These data indicate  that  ciprofloxacin  will  behave  very  similar to enrofloxacin in  the 
environment. 

7.1 Atmospheric Environment 
Enrofloxacin is  not  expected  to  enter the atmospheric  environment. The drug and  its 
major  metabolite,  ciprofloxacin,  tightly bind  to excreta  and  soil.  In addition, both 
enrofloxacin and  ciprofloxacin  have  very  low  vapor  pressures (< 10 -7 mm Hg). A 
possible route  of  entry  into  the  atmospheric  environment  is via fugitive dusts from broiler 
or turkey  houses  (only  if  very  windy) or during  application  of  litter to agricultural fields 
(once  a  year).  However,  only  a  small  fraction of airborne  particulates are respirable. The 
inhalable fraction  of  suspended  particulates  are those particles 5 10 pm in diameter 
(USEPA, 1988).  Also, as discussed  later  in  this  assessment, the relative toxicitjr of 
enrofloxacin  is  very low to  animal  life.  The  very  small  quantities of enrofloxacin from 
fugitive dusts  will  not  pose  a  toxic  hazard.  Therefore,  respirable fugitive dusts containing 
enrofloxacin and  ciprofloxacin  are  not  likely  to  be  generated  in sufficient quantities to be 
of concern. 
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7.2 Aquatic Environment 
Theoretically, movement of enrofloxacin and ciprofloxacin into aquatic systems could 
occur from runoff. 

Runoff from Commercial  Houses 
Runoff from turkey  and  broiler  houses is not  expected to contribute drug residues fiom 
litter to aquatic environments  based on current management practices. Precipitation 
cannot infiltrate the litter since the  houses  are  roofed.  Overland runoff cannot infiltrate 
the litter since the houses  typically have a  concrete foundation that extends 18 to 
24 inches above the soil line.  Therefore,  runoff from commercial  houses could occur 
only during significant  floods. 

Composting Facilities  Runoff . .  

Runoff from composting  bins  will also be  negligible  since the bins are relatively small 
(4 feet high by 3 feet  deep  by 5 feet  wide)  and  are  covered with a  roof to reduce the 
chance for infiltration from precipitation. 

Amended Cropland  Runoff 
There is a  somewhat  greater  possibility of runoff from agricultural fields amended with 
litter from treated  animals.  Runoff from agricultural  fields is affected by many factors 
which are quantitatively  difficult to evaluate.  These  factors include location of receiving 
bodies of water,  slope  steepness  and  complexity, soil and weather conditions, soil type, 
and  buffer  strips. 

For the purposes of this environmental  assessment,  a  worst-case scenario was used to 
determine the expected  environmental  concentration (EEC) of drug residues in wafer 
from cropland runoff (USEPA,  1995).  In  the  scenario,  the EEC,,,, is calculated using 
the Generic Expected  Environmental  Concentration  model  (GENEEC). This computer- 
based model utilizes  basic  chemical  parameters  (solubility, photolysis, hydrolysis, Kc, 
and soil degradation)  combined  with  application rate and  method of soil incorporation to 
determine the EEC.  The  model  considers  the  reduction  in dissolved drug residues due  to 
adsorption to soil or  sediment,  incorporation  depth,  degradation in soil before washoff to 
a water body,  and  degradation of the residues  within  the  water  body. The model assumes 
that the runoff from a 10 hectare (24.7 acre)  field is entering  a 1 hectare (2.47 acre)  by 
2 meter (6.56 feet)  deep  pond. 

Prior to running  the  model  using  the  input  parameters  and assumptions for poultry 
operations, a  sensitivity  analysis  was  conducted. A set of “standard” parameters was 
used, and one parameter  was  varied  at  a  time  to see the  effect that parameter  had on  the 
final maximum EEC value.  The  parameters  that  were  varied were soil QC , photolysis, 
application rate,  soil  half-life,  and  aqueous  solubility.  Without question, the application 
rate has the greatest  effect  on  the  maximum EEC. The  parameter  with the second greatest 

Page 18 of 119 2/29/96 



- - 
e. 

effect was soil kc. The  other  parameters  have  more of an influence on the “die-away” of 
a  chemical  in  the  pond  rather than the  instantaneous  maximum  concentration. 

The range of expected  concentrations of drug  residues  in an acre of amended cropland 
soils can be calculated as follows: 

Litter  application  rate = 5 tons dry litter  per acre 
Chicken  excreta to litter  ratio = 5: 1 (83%  excreta) 
Turkey  excreta  to  litter  ration = 3: 1 (75%  excreta) 

Chicken  excreta  application  rate = 0.83 x 5 tons = 4.15 tons per acre (3,765 kg/acre) 
Turkey  excreta  application  rate = 0.75 x 5 tons = 3.75 tons per acre (3,402  kg/acre) 

Total residues  in  chicken  excreta = 3 1.1 mg ai/kg excreta 
Total  residues  in  turkey  excreta = 15.3 mg ai/kg  excreta 

. .  

Soil concentration from applied  chicken  litter: 

(3 1.1 mgkg) x  (3,765  kg/acre) = 1 17,092  mg  total residuedacre 
= 0.258  lbs total residuedacre 

Estimated  soil  concentration  from  applied  turkey  litter: 

(1 5.3 m a g )  x (3,402 kg/acre) = 52,051  mg  total residuedacre 
= 0.1 15  lbs total residuedacre 

The range of enrofloxacin  and  ciprofloxacin  residues  applied  per  acre can be calculated 
based on the  percentages  excreted (87% enrofloxacin,  2%  ciprofloxacin for chickens, and 
69% enrofloxacin and 23%  ciprofloxacin  for  turkeys): 

Chickens: 

(0.258 Ibs total  residuedacre) x (0.87  enrofloxacin) = 0.224 lbs enrofloxacidacre 

(0.258 Ibs total residuedacre)  x (0.02 ciprofloxacin) = 0.005 Ibs ciprofloxacin/acre 

Turkeys: 

(0.1 15 Ibs total  residuedacre)  x (0.69 enrofloxacin) = 0.079 Ibs enrofloxacidacre 

(0.1 15 Ibs total  residuedacre)  x  (0.23  ciprofloxacin) = 0.026 Ibs ciprofloxacidacre 
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Based on actual  land  amendment  practices,  only one application of manure was assumed 
for  a  given  field per  year.  The  soil K, value  for  enrofloxacin  ranges fiom 74,635 to 
355,941  depending on soil type  (Bayer  Report No. 106555). The soil kc value for 
ciprofloxacin  ranges fiom 37,893 to 61,006  depending on soil type (Bayer Report No. 
106556).  The  aerobic  soiVmanure  half-life  for  enrofloxacin  ranges from 468 to 696 days 
(Bayer  Report No.  106560). A half-life in soil for ciprofloxacin could not be calculated 
(Bayer  Report No. 106561), but  could be graphically  estimated at 727 days for the 
purposes of using  the  GENEEC  model.  Neither  enrofloxacin  nor ciprofloxacin readily 
undergo  hydrolytic  degradation payer Report Nos. 106423  and  106430). Since neither 
solubility nor  photolysis  affect the instantaneous maximum EEC (based on sensitivity 
analysis), the  solubility  and  photolysis  values at  pH 7 were  used for both enrofloxacin 
and  ciprofloxacin.  The  model  assumes  that  a rain event occurs immediately after 
application (0 days),  which  represents  worst-case  conditions. . .  

To summarize,  the  range of input  parameters  for the GENEEC modei iie: 

Enrofloxacin Ciprofloxacin 
1 I 

-_  

Aquatic  metabolism I 0 I 0 I 0 I 0 I 

Based on these  assumptions, the range of instantaneous  maximum EECs were calculated ~ 

to  be: 

EEC,,,,, for  enrofloxacin = 0.0000 16  ppm  to  0.000046  ppm 

EEC,,,, for  ciprofloxacin = 0.0000012 ppm to  0.0000062 ppm 

Environmental  Processes 
The GENEEC model  utilizes  environmental  fate data to determine  die-away of the 
compounds in  water in addition to the  instantaneous  maximum concentration (time = 0) 
p5eviously  described.  Based  on its rapid  photodegradation  and  tendency to partition into 
sediments, enrofloxacin  and  ciprofloxacin  concentrations in water are predicted by the 
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model to be reduced by  70  to  75  percent 4 days after a runoff event. For example, the 
ranges for 4-day EEC,,,,, are  predicted to be: 

4-day EEC,,, for  enrofloxacin = 0.00000419 ppm to 0.00000552 ppm 

4-day EEC,,,, for  ciprofloxacin = 0.0000001 2 ppm to 0.00000 148 ppm 

This would  reduce  the  already  low  exposure  potential to aquatic life to even lower levels 
in a relatively short  time  period. 

7.3 TerrestriaI Environment 
Chicken and Turkey  House  Operations 
Chicken and turkey  houses  are  non-natural  settings  and are, therefore, depauperate in 
flora and  fauna.  However,  some  inquiline  species, such as mice and voles may be found 
in and around  these  operations.  Because  there is no habitat for wildlife nor any way'for 
larger animals (i.e.  birds)  to  enter  a  broiler  or  turkey  house, no terrestiial exposures are 
expected  within  these  structures. 

Amended Croplands 
The greatest exposure of enrofloxacin drug residues  will  be through application of litter 
from treated birds  to  cropland.  The  exposure  will be limited to those species being 
planted in the amended  fields  and  to flora and fauna in fiinge areas (e.g., hedge rows, 
buffer strips) that  may  receive runoff or  direct  application of litter inadvertently. 

Turkeys 
Litter application  rates  depend on many  factors  including manure analysis, physical  and . .. 

chemical soil characteristics,  type of crop, yield goal,  soil drainage, climate, groundwater 
depth,  and  geology (ASAE, 1992).  For  the  purposes of this environmental assessment, an 
upper bound of  the  range of application  rates  (5 tons dry littedacre) is  used  to estimate 
soil concentrations  of  drug  residues.  Litter is composed of 75 percent turkey excreta and 
25 percent  absorbent  material  (wood  shavings,  sawdust,  rice  hulls,  etc.).  Therefore, the 
mass of manure in  the  litter  is  3.75  tons  manure/acre  (0.75 x 5 tans littedacre) or 3,402 kg 
manure/acre. 

The litter is typically  incorporated  into  the  top 6 inches of soil by  plowing. The mass of 
the top 6 inches of soil is determined  by  bulk  density.  The bulk density of a  typical 
agricultural silt loam  is  1.5  g/crn3 . From  this,  the  mass  can be determined by: 

(4,046.9 m2 /acre) x (0.1524 m/6 inches) x (1x106 cm3/m3) x (1.5 g/crn3) x (1 kg/1000g) = 

925,121 kg/acre-6 inches. 
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Therefore,  the  expected  environmental  concentration (EEC) of total drug residues in the 
top 6  inches of soil  are  calculated as follows: 

EECsoil = (15.3 mg  aifl<g  manure) x (3,402 kn manure/acre) = 0.056 mg residueskg soil 
925,12 1 kg soivacre 

The two main residues of interest  that are excreted in turkey excreta are enrofloxacin and 
ciprofloxacin.  These  have  been  shown to be excreted as 69 percent enrofloxacin and 
23 percent ciprofloxacin  (Bayer  Report No. 106632).  Therefore, the total drug residues 
in soil can be converted  into  enrofloxacin and ciprofloxacin concentrations based on these 
percentages. 

(0.056  mg  total  residues) x (0.69  enrofloxacin) = 0.039 mg  enrofloxacinkg  soil 

(0.056 mg  total  residues) x (0.23 ciprofloxacin) = 0.0 13 mg  ciprofloxacinkg soil 
. .  

Chickens 
Litter application  rates  depend on many  factors including manure analysis, physical and 
chemical soil characteristics,  type of crop,  yield  goal, soil drainage, climate, groundwater 
depth,  and  geology (ASAE, 1992).  For  the  purposes of this environmental assessment, an 
upper  bound of the  range  of  application  rates  (5  tons dry litterlacre) can be used to 
estimate soil concentrations of drug  residues.  Litter  is  composed of 83 percent chicken 
excreta and  17  percent  absorbent  material  (wood shavings, sawdust, rice hulls, etc.). 
Therefore,  the  mass  of  manure in the  litter is  4.15 tons manure/acre (0.83  x 5 tons 
litteriacre) or 3,765  kg  manure/acre. 

The litter is typically  incorporated  into  the  top  6  inches of soil by plowing. The mass of 
the top 6  inches of soil  (previously  determined)  is  925,121 kg/acre-6 inches. 

-- 

Therefore,  the  expected  environmental  concentration (EEC) of total drug residues in  the 
top 6 inches of  soil  are  calculated as follows: 

EECsOil = (3 1 . 1  mn ai/kp manure) x (3,765 kn manure/acre) = 0.127 mg residues& soil 
925,121 kg soivacre 

The two main  compounds  of  interest  that  are  in  chicken  excreta are enrofloxacin and 
ciprofloxacin.  These have  been shown  to be excreted as 87 percent enrofloxacin and 2 
percent  ciprofloxacin  (Bayer  Report No. 106937).  Therefore,  the total drug residues in 
soil can be  converted  into  enrofloxacin  and  ciprofloxacin concentrations based on these 
percentages. 

,. (0.127 mg total  residues)  x  (0.87  enrofloxacin) = 0.1 10 mg enrofloxacirdkg soil 

(0.127 mg total residues) x (0.02 ciprofloxacin) = 0.003 rng ciproflosacinkg soil 
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Environmental  Processes 
As discussed  previously,  based on their extremely  high  values, enrofloxacin and 
ciprofloxacin  are  strongly  sorbed  to  particulates  which  decreases bioavailability and 
mobility. USFDA (1987)  has  stated that compounds  having  a  log K, greater than 3, such 
as enrofloxacin  and  ciprofloxacin, are considered  tightly  bound  to organic matter in soil 
and are considered  immobile.  These  compounds do not  readily degrade in soil; however, 
there is evidence that several  groups of fungi can significantly degrade enrofloxacin 
(Bayer  Report No. 106772). 

8.0 Environmental  Effects of Released  Substances . 

The effects of  enrofloxacin  and  ciprofloxacin on many  organisms have been evaluated in 
many TAD and  TAD-derived  studies,  and  the results of these studies are summarized 
below  in  each of the  appropriate  sections. In addition,  the  results of the effects studies are 
compared with the  estimated  environmental  concentrations to characterize possible risk. 

. . .  

Risk  characterization  is  the  process of estimating the nature  and likelihood of effects by 
combining  exposure  estimates  with  the  effects  observed  from toxicity studies. A well 
accepted  method for describing  potential  risk to flora and fauna from environmental 
exposure to a compound is the  Toxicity  Exposure  Ratio or Risk Quotient (Barnthouse et 
al., 1986;  Cowan et al., 1995). This is simply the division of some toxicological 
benchmark by  the  estimated  environmental  concentration. If the quotient is  less than one 
(NOECEEC, LC,&EC, etc.),  then  a  toxic  effect is expected  to  occur. 

In  the case of enrofloxacin  and  ciprofloxacin,  the  Risk  Quotient describes how many 
times  lower  the  EEC  is  compared to the no observed  effect  level for a given study  and 
test  species.  The  no  observed  effect  concentration  (NOEC)  was chosen as the 
toxicological  benchmark as it  is  a  much  more  conservative  value compared to  the median 
lethal  concentration (LC,,). For example,  there  were  no  observable sublethal effects at 
concentrations  at or below 23.0 ppm  in  the  enrofloxacin  acute Daphnia study (Appendix 
3). Using  EEC  estimates,  the  range of the Risk Quotients was calculated  to be 500,000 to 
1,437,500  (see  table  on  following  page). This means  that the estimated concentration of 
enrofloxacin in  water  is  half  a  million to nearly 1.5 million  times lower than the lowest 
concentration of enrofloxacin  that  affects Daphnia. Thus, there is little likelihood that 
enrofloxacin used  to  treat  poultry  entering  the  aquatic  environment would adversely 
affect Daphnia. 

8.1 Aquatic Organisms 
Although  it  is not likely  that  enrofloxacin  residues  will  reach  water bodies due to its 
manufacture andor end  use,  several  aquatic  toxicity  studies  were conducted according to 
guidelines set forth  in CVM’s Technical  Assistance  Documents. Studies were conducted 
yith enrofloxacin  and  ciprofloxacin for the fish,  bluegill  and  rainbow trout; the waterflea, 
Daphnia; the  amphipod, Hyalella; the green  alga, Selenastrum; and the blue-green aIga, 
Microcyslis. Summaries of these  studies are presented in Appendix 3 .  The results (LC jo 
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and NOEC values) are presented in the table  below.  Using the EECw&e,, estimates 
previously discussed in Section 7.2 of this document,  risk quotients for  enrofloxacin  and 
ciprofloxacin are reported  below. 

. .  

Clearly, these data  and  Risk Quotient values indicate that there will be insignificant risk 
to the two of the trophic levels  tested (fish and invertebrates). The effects of enrofloxacin 
and ciprofloxacin on the growth of SeZenastrum and Mycrocystis were also evaluated, 
(Bayer Report Nos. 106657, 106940,10633, and  106627). Risk Quotients could not be 
determined for SeZenastrum or Microcystis since there was substantial degradation of  the 
test compound  over the course of the  testing  period. This was  very likely due to aqueous 
photolysis, however,  photodegradation is an unavoidable artifact of the experimental 
design for  conducting algae toxicity  tests.  Algae  testing  requires a strong and almost 
constant light source in order for the algae to grow and it is not possible to conduct these 
tests under low light conditions in order  to  avoid  photodegradation. Although Risk 
Quotients could not  be calculated, the studies did  show  that these two species are more 
sensitive to enrofloxacin and ciprofloxacin than other aquatic life. This is not unexpected 
for Microcystis since this species is a prokaryote and very bacteria-like which would 
make  it more sensitive to an antibiotic. 

-- 

In the natural environment, the concentration  in the water  will  be reduced by  up to 75% 
in four days, as estimated by the GENEEC model.  Populations of blue-green algae, such 
as Microcystis, would  not  be  exposed  to  the  predicted  maximum concentration for very 
long which would allow for  recovery.  From an ecological perspective, the trophic level 
in which blue-green algae reside  contain  many,  many  more  groups of  algae including 
green algae, such as Selenastrum, which  have  been  shown  to  be  very insensitive to 
enrofloxacin and ciprofloxacin. Even  if a slight,  temporary  decline  in blue-green algal 

Page 24of 119 2/29/96 



-. 
* 

populations were to occur, the h c t i o n  of  the  ecosystem at the algal trophic level would 
not change as the  insensitive  species  would  still be present  in  a  primary producer role. 

8.2 

With regard to possible  bioaccwnulation  in  aquatic  organisms, the n-octanollwater 
partition coefficient (I&,,) is an indication of the  lipid  solubility  and membrane 
permeability  of  a  chemical,  and  therefore can be used  to  predict the likelihood of the 
chemical to bioaccumulate in biota.  According to USFDA (1987), chemicals with &,,. 
values less than 10, such as enrofloxacin  and  ciprofloxacin, are not expected to undergo 
significant bioconmntration.  The  bioconcentration  potential  for enrofloxacin and 
ciprofloxacin in aquatic  organisms can be  further  estimated  from the E$, using the 
following regression  equation  (Clark et al., 1990): 

Log BCF (bioconcentration  factor) = 0.76(log KOw) - 0.23 
. .  

Using this equation  and the highest  log hW for  enrofloxacin (0.49 at pH 7) and 
ciprofloxacin (-0.78 at pH 7),  the  predicted  BCFs are approximately i .38 and  0.150, 
respectively. This indicates  that  both  enrofloxacin  and ciprofloxacin have a low 
propensity to bioconcentrate  since  bioconcentration is not  observed unless BCFs are 
several orders of magnitude  higher  (Clark et al., 1990). This is also empirically 
supported by tissue  residue  studies  which  showed  that  the depletion of [14C] residues 
from the  liver,  muscle,  and  skin with adhering fat tissues of broiler chickens and turkeys 
treated with  *4C-enrofloxacin was  very  rapid  (Bayer  Report Nos. 106543-1 and 
106544-1). 

Based on the exposure  estimates  and  toxicity  data,  enrofloxacin  and ciprofloxacin 
entering an aquatic  environment  from runoff from agricultural fields amended with 
excreta containing  these  drug  residues  are not expected to have any effects on aquatic 
organisms. 

Terrestrial Organisms 
The exposure of  terrestrial  organisms  to  drug  residues  is  only  expected to occur from 
contact with soil/manure  containing  enrofloxacin in cropland soils amended with litter. 
The main  route of entry  for  drug  residues  in terreskial vertebrate  and invertebrate species 
is through ingestion of excreta  and/or  amended soils containing drug residues. Dermal 
exposure is considered  a  negligible  route of entry  since  enrofloxacin  and its metabolites 
do not exhibit strong  lipophilicity  that  would  allow  significant  dermal absorption of drug 
residues into  an  organism. For example,  the  dermal LD,, and NOEC for enrofloxacin 
were greater  than 2,000 ppm  for  albino  rabbits  (Bayer  Report No. 73606). Likewise, 
inhalation is considered  a  minor  route of entry since enrofloxacin  and ciprofloxacin are 
not volatile,  and  fugitive dusts containing  drug  residues  are  not  expected to occur in 
sufficient quantities and for sufficient duration as to  represent a significant exposure. The 
inhalation LCs0 for  white  rats  exposed  to  enrofloxacin  was  greater than 3547  mg/m3 
(Bayer Report No. 73466). 
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For estimation purposes,  enrofloxacin  mammalian  toxicity data can be  used to 
approximate possible  risk  from  ciprofloxacin exposure. As enrofloxacin is generally 
more toxic than  ciprofloxacin,  the use of enrofloxacin  toxicity data is more conservative 
and protective when  determining risk to  terrestrial  mammals. 

Several toxicological  studies  were  conducted on terrestrial species including  mice, rats, 
rabbits,  earthworms, six species of crops, fungi, and bacteria. Summaries of these studies 
are presented  in  Appendix 3. 

8.2.1 Mammals 
The results from mammalian  toxicity tests are .presented in the tables below. 

Oral LD, 

> 128,205 0.039 - 0.1 10 73075 > 5,000 Enro Mouse  (male) 
. patio Range (mgflcg) Report  No. (mgkg) Compound  Species 

LDSO  EECsoiI EECma Range Bayer 

Mouse  (female) Enro 4,3 3 6 73075 

> 128,205 0.039 - 0.1 10 73075 > 5,000 Enro Rat  (female) 
> 128,205 0.039 - 0.1 10 73075 > 5,000 Enro Rat  (male) 

. 39,418- 111,179 0.039-0.110 

Rabbit  (male/female) 4,545 - 12.821 0.039 - 0.1 10 73075 500 - 800 Enro 

NOEL NOEL EEC,;! EECWiI Range Bayer  Report 
Species 

0.039 - 0.1 10 I 48 - 136 743 87 5.3 Chronic Rats EMO 
1,364 - 3,846 0.039 - 0.1 10 74229 150 Chronic Mouse I Enro 

Ratio  Range (mg/kg) No. (mgkg) Study  Type Compound 
Dog 27 - 77 0.039 - 0.1 10 73775 3 Subchronic Enro 

I I I 

Rats 73892 I 0.039 - 0.110 I 57-  160 - Enro I Reproduction I 6.25 
Rabbit 73705 I 0.039-0.110 I 227 - 641 Enro I Embrvotoxicitv I 25 

The EEC,,.,,  values are  those  derived in Section 7.3 of this document.  Based on 
these soil  concentrations,  the  amount  of soil that an mammal would  need to ingest 
on a daily  basis  to  reach  the  chronic  NOEC is a physical  impossibility. For 
example,  the  subchronic  oral NOEL  for dogs was  based on a continuous 90-day . 
exposure to  enrofloxacin.  For a 10-kg dog to be exposed to a daily 3 mgkg dose 
via a field  amended  with  poultry  litter  containing 0.1 10 mg enrofloxacinkg soil , 
it would  have to consume  daily  for  90-consecutive  days: 

(3 mgkg body wt) x (IO-kg body wt) x (1 kg soiVO.110 mg enro) = 273 kg soil (602  lbs) 

Therefore,  based on  the  exposure  estimates and toxicity data, enrofloxacin 
entering a terrestrial  environment  via  manure  containing this drug residue is not 

; expected to have  adverse  effects  on  mammals. 

i 
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8.2.2 

8.2.3 

- 
Earthworms 
Two  28-day  studies  (one  for  enrofloxacin  and  one for ciprofloxacin) were 
conducted to determine  the  effects of soil-incorporated compound on the 
earthworm (Lumbricus terrestris). Summaries of these studies (Bayer Report 
Nos. 74 123 and  106793) are presented in Appendix 3. The results of the studies 
indicated  that  the NOEC for enrofloxacin,  based on growth and survival, was 
greater  than or equal to 1000 ppm (nominal)  and  that the NOEC for ciprofloxacin 
was greater  than or equal  to 1000 ppm  (nominal, 885 ppm measured). 

Based  the  highest EEC,,, values (0.1 10 ppm enrofloxacin  and 0.013 ppm 
ciprofloxacin)  the  resulting Risk Quotients would be 2 9,000 for earthworms 
exposed to enrofloxacin  and 76,923 for earthworms exposed to ciprofloxacin. 
Therefore, no adverse  effects on earthworms are expected in and around 
agricultural  fields  amended with excreta  containing enrofloxacin and 
ciprofloxacin  residues. 

Plants 
Seed  Germination  and  Root  Elonaation 
Seed  germination  and  root  elongation  were  monitored for seeds of soybean, 
lettuce,  ryegrass,  wheat,  tomato,  and  cucumber  exposed to solutions of 
enrofloxacin in a  study  conducted  according to TAD  Guideline 4.06 (Bayer 
Report  No.  106661).  The study showed that enrofloxacin concentrations ranging 
from  1 to 882 pprn  (1 to 1000 pprn  nominal)  had  no effect on the germination of 
the  seeds of the six species, thus the  no effect concentration  for enrofloxacin on 
seed  germination  was  at  least 882 ppm. The most sensitive species to 
enrofloxacin  for  root  growth  was  cucumber with a NOEC of 0.27 ppm (0.25 ppm - -  
nominal). 

However,  the  experimental  design  in  the  guideline  for  seed germination and root 
elongation (TAD 4.06)  is an unrealistic  one.  The  use of blotter paper soaked in  a 
solution containing  enrofloxacin  does  not  represent  real  world conditions and it 
cannot  account  for  the  strongly  sorptive  nature of enrofloxacin in soil. Therefore, I 

another  seed  germination  and  root  elongation  study was conducted using the same 
basic  techniques  and  procedures as in  the  previously  described study, but 
substituting soil for  blotter  paper  (Bayer  Report No. 74576). The least sorptive 
soil, as determined  in  the  soil adsorptioddesorption study (Bayer Report 106555) 
was used.  Cucumber  was  chosen as the  test  species since it was the most 
sensitive  species  for root elongation  effects.  The  NOEC  was determined to be 
9.1  ppm  for  both  seed  germination  and  root  elongation.  Thus, soil greatly reduced 
the  effect of enrofloxacin  on  cucumber  root  elongation  by  at least 34-fold: 

TAD 4.06 root elongation  NOEC = 0.27  ppm 
Soil based root elongation  NOEC = 9.1 ppm 
(9.1 ppm)/(0.27  ppm) = 34 

. . .  
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Using  the NOEC, 9.1  ppm,  for  the  most sensitive  plant species grown in the 
presence  of  soil,  and  the  range of EECsOiI of  0.039  to  0.1 10 ppm for enrofloxacin 
in  soil,  the  resulting Risk Quotient  Range  would  be  83  to 233. 

Likewise, a seed  germination  and  root  elongation  study was conducted for the . 

metabolite,  ciprofloxacin,  using  the  same six plant species (Bayer Report 
No. 10691 1). The study  showed  that  ciprofloxacin concentrations ranging from 
2.2 to 900  ppm (2 to 1000 ppm  nominal)  had  no  effect on the germination ofthe 
seeds of the six species,  thus the no effect  concentration for ciprofloxacin on s e d  
germination was at least  900  ppm.  The  species  most sensitive to ciprofloxacin 
effects on root  elongation was lettuce  with a NOEC of 0.54 ppm (0.50 ppm 
nominal). 

A seed germination  and  root  elongation  study  for ciprofloxacin in the presence of 
soil was  not  conducted  since  ciprofloxacin,  like enrofloxacin,'binds so tightly to 
soil that  it  was  not  likely  to be  bioavailable  under  these soil conditions. Assuming 
that the  phytotoxicity  on  root  elongation  is  reduced  by  34-fold as occurred with 
enrofloxacin (discussed  above)  since  ciprofloxacin,  like enrofloxacin, binds so 
tightly to soil,  the Risk Quotient  Range  can  be  calculated as. 

(0.54 ppm x 34)/0.013 = 1,412 

(0.54  ppm x 34)/0.003 = 6,120 

Seedlinp  Growth -- 
The effect of enrofloxacin  on  seedling  growth  was  evaluated according to TAD 
Guideline 4.07  using  the  same  species  tested  under  the  seed germination and root 
elongation  guideline  studies  (Bayer  Report  No.  74583). The most sensitive 
species tested was wheat  with a NOEC < 0.13  ppm. Ciprofloxacin was not tested 
for effects on seedling growth since it has  historically demonstrated less toxicity 
than  enrofloxacin  for  many  other  species,  and  consequently, the enrofloxacin 
values  can  be used  to  conservatively  estimate  ciprofloxacin toxicity. 

To provide  more  realistic  data, a seed  germination  and root elongation study in 
soil was conducted  to  more  accurately  assess  the  toxicity that might occur under 
field  conditions  (Bayer  Report No. 745 1 1).  This  study clearly showed a 
substantial  decrease  in  toxicity of  enrofloxacin in the  presence of soil. Since the 
seed  germination  and  root  elongation  study  showed such a dramatic decrease in 
toxicity, a seedling  growth  study in soil  was  also  conducted. The species tested 
were  wheat,  the  most  sensitive  species  identified in the seedling growth study 
conducted in sand, and  tomato, a representative  dicot.  Both enrofloxacin and 
ciprofloxacin were tested. The  more sensitive species tested  to enrofloxacin under 
soil testing  conditions was wheat with a NOEC of 4.7 ppm. Tomato and wheat 
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exposed to soil treated  with  ciprofloxacin were equally sensitive  with a NOEC of 
greater than or equal  to  49  ppm. 

The summaries for  these  studies  are  presented in Appendix 3. The results for the 
most sensitive species  are  shown in the table below along with the EEC ranges 
and, for  risk  characterization  purposes, the calculated Risk Quotient Range. 

(soil) 
Lettuce Cipro Seed germination 2 900 10691  1 0.003 - 0.013 > 300,000 
Lettuce Cipro Root elongation 0.54 10691 1 0.003 - 0.013 41 - 180 
Tomato Cipro Seedling  growth 2 49 745 1  1 0.003 - 0.013 > 16,333 

Wheat Cipro  Seedling growth 2 49 745 1 1 0.003 - 0.013 > 16,333 
(soil) 

(soil) 

Therefore, based  on  the  exposure  estimates  and toxicity data (particularly that  data 
generated  in the presence of soil), enrofloxacin  and ciprofloxacin entering a 
terrestrial environment via  excreta  containing these drug residues are not expected 
to have adverse effects on  plants. 

- 

8.2.4 Microorganisms 
Microbial growth  inhibition  studies  were  conducted for enrofloxacin (Bayer 
Report No. 106599)  and  its  major  metabolite, ciprofloxacin (Bayer Report 
No. 106750),  using  seven  representative soil species. The  organisms tested 
included  three  bacterial  species (Pseudomonas aeruginosa, Arthrobacter 
picolinophilus, Azotobacter  vinelandii), a blue-green alga (Anabaenaflos-aquae), 
and three  fungal  species (Aspergillus  clavatus, Penicillium canescens, 
Trichoderma hamatum). The  summaries  for  these studies  are presented in 
Appendix 3. The results  are  shown in the table below along with the EEC ranges 
(calculated in Section 7.3 of this  document) and, for  risk characterization 
purposes, the  calculated Risk Quotient  Range. 

i 

Page 29of 119 2/29/96 



An additional,  non-guideline study was  conducted using the two most sensitive 
species (Arthrobacfer,  Azotobacter) to determine the bioavailability of soil-bound 
enrofloxacin  residues to microorganisms payer  Report No. 107124). The results 
of this study  showed that the strong adsorption of enrofloxacin to a soiVmanure 
matrix made it unavailable  to  microorganisms. No inhibitory effects were 
observed up to the highest concentration  tested (500 mg a.i.kg soil). Therefore, 
under  conditions  which  microorganisms will be exposed in  the environment, the 
NOEC to EECSoi, ratio  would be 2 4,545. 

Based  on  the  exposure  estimates  and toxicity data, enrofloxacin and ciprofloxacin 
entering  a  terrestrial  environment via manure containing these drug residues are 
not  expected  to  have  adverse  effects on microorganisms. 

. .. 

Bacterial  Resistance  Development 
Development of antibiotic resistance by bacteria has relevance to human and 
animal health.  Although  enrofloxacin and ciprofloxacin bind tightly to soil and 
that  soil-bound  enrofloxacin  was  clearly shown to be almost completely 
non-bioavailable,  the  possibility  exists for residues in soil to select for  resistant 
organisms. The Center  for  Veterinary  Medicine has determined that resistance 
development is not  considered  to have potential for significant impacts on 
ecological  process  and  accordingly, it is more appropriate to consider this issue 
under  the FD&C Act. 
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8.3 Human Exposure 
Several  toxicity  studies  were  conducted  to assess the  acute,  subchronic, and chronic 
effects in mammals. The summaries for these  studies are presented  in Appendix 3. The 
results are presented in the following  tables. 

Species LD50 (mg/kg) Study Type 

Rat (male & female) 

4,336 Acute  oral Mouse (female) 
> 5,000 Acute  oral Mouse (male) 
> 5,000 Acute  oral 

Rabbit  <male & Acute  oral 
female) 

500 to 800 
I 

Bayer Report 
No. 

73075 
73075 
73075 
73075 I 

Species 

73 159 50 mgfkg Teratology  oral Rat 
73775 3 m&g Subchronic  oral Dog 
73 194 40 mg/kg Subchronic  oral  Rat 

-Bayer Report NOEL Study Type 
No. 

Rabbit 
733 14 165 m a g  Reproduction Rat 
73705 25 mg/kg Teratology  oral 

oral 
I I 1 I Mouse I Chronic  oral I 323 mdkg 74229 1 
I I I I Rat  (male) I chronic oral I 5.3 mdkg I 743 87 I v v  

I Rat  (female) I Chronic  oral I 7.2 m a g  I 74387 I 
r 

Species 

74230 No carcinogenic  effect Carcinogenicity Rat 

74229 No carcinogenic  effect Carcinogenicity Mouse 

Bayer Report Results Study Type 
No. - 

up  to  10000  ppm 

up  to 6000 ppm 
i 

During  manufacturing,  engineering  controls  and  industrial  hygiene  precautions  will be 
utilized  to  effectively  minimize  exposure to  workers.  The  controls  will  be in  compliance 
with  regulations  set  forth by the  Occupational  Safety  and  Health  Commission (OSHA). 
Based  on  these  protective  measures  and  the  mammalian  toxicity data, workers producing 
and  formulating  enrofloxacin  will  not be  adversely  affected by the  proposed  action. 

The label  for  the BAYTRIL@ 3.23%  Concentrate  Antimicrobial  Solution  will  instruct 
users  that  this  product is for use  in animals  only  and  should be kept  out of the  reach of 
children. The label will hrther instruct  users  to  avoid  contact  with  eyes  and  in case of 
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contact,  immediately  flush eyes with  copious amounts of water for 15  minutes. Spillage 
of the  product  onto  the skin is not  an  acute  human  health  concern since it is neither 
dermally  toxic (LD,, > 2000 mgkg , the highest  level  tested)  nor is it  a dermal irritant or 
sensitizer.  Nevertheless,  the  label  will  state  “Wash  hands  with soap and water after 
handling”  and  will  include  recommendations  concerning  human handling for individuals 
with  a  history of hypersensitivity to quinolones. Based on the magnitude of the toxicity 
values,  and  users  following  the  label  warnings, users of the  product  will not be adversely 
affected  by  the  proposed  action. 

8.4 Uncertainty Analysis 

There is uncertainty  associated with any estimate of environmental exposure and the 
effects this exposure  may  have  on  environmental  receptors.  Uncertainty analysis 
identifies the uncertainty  from  each phase of the risk assessment  process and provides an 
evaluation of the  impact of the  uncertainties on the overall  assessment. 

The two phases  in  this  risk  assessment are toxicity  evaluation  and  risk characterization. 
The uncertainty  associated  with  toxicity  evaluation  primarily  lies  with the inability to test 
all species  and/or  all  life-stages of an  organism  under  natural  conditions.  However, the 
species chosen  for  toxicity  evaluation  represent  broad  classes of organisms that are of 
economic,  recreational, or ecological  importance. In addition,  the  test methodologies 
generally  represent  worst  case  conditions.  For  example,  fish  were  exposed to a constant 
concentration of the  test  article  for 96-hours in clean laboratory  water.  In the 
environment,  fish  would  be  exposed to a pulsed dose that may  only  last for a few hours 
and  the  compound  would  be  subjected to many  processes  which  would  reduce exposure 
(photolysis, adsorption,  etc.). This adds  conservatism to the  toxicity  estimates. -- 

The uncertainty  associated  with  risk  characterization  is  the  estimation of exposure levels. 
It  is  not  possible  to  obtain  field  estimates of exposure to pre-approved drugs, so estimates 
are made  using basic algorithms  and  validated  mathematical  models.  However, to reduce 
the  uncertainty  associated with the  estimated  soil  and  water  concentrations, the “worst 
case” scenario  is  addressed so that  the  estimates  &e  very  conservative. For example, 
every  flock  will not be  treated  with  enrofloxacin; we estimate  that  only one flock in a 
given  house  will need treatment  every two years. Also, the Risk Quotients  were 
calculated  using no observed  effect  concentrations (NOECs) even  for acute studies which 
are much  lower  than  the  median  effect  concentration (LCso or ECsO). This produces a 
more  conservative  estimate of risk. 

The increased  conservatism of estimates and assumptions  reduce  the  uncertainty 
associated  with  toxicity  evaluation and  risk  characterization.  Therefore,  the  use of 
enrofloxacin to  treat  poultry  is  not  expected  to  result in any adverse environmental 
impact. 
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9.0 

10.0 

11.0 

12.0 

Use of Resources  and  Energy 
Production  and  formulation of enrofloxacin  will  occur at facilities already producing and 
formulating  enrofloxacin  for  use  in  cats  and  dogs.  The  operations for the production and 
formulation  of  the BAYTNL@ 3.23% Concentrate  Antimicrobial Solution are not 
expected to use  unusual amounts of  energy  and  resources. 

Mitigation Measures 
The proposed  action  is  not  expected  to have  any adverse  impact on human health or the 
environment,  Adherence to state  and  federal  guidelines,  process engineering controls, 
personal  safety  equipment,  and  standard  industria1  hygiene  practices will be effective in 
minimizing  exposure to  enrofloxacin  in  production  and formulation facilities. 

Alternatives  to the Proposed  Action . .  

The only alternative to the  proposed  action  is one of no action. This alternative is not 
being  considered  since  resources  and  facilities are being  used efficiently to produce a 
quality product  with  no  expected  adverse  effects on human health or the environment. A 
no-action  alternative  would  result  in  the  deprivation  of  a  beneficial drug to the poultry 
industry. 

List of Preparers 
The following  personnel  of  Bayer  Corporation,  Agriculture Division, Animal Health were 
responsible  for  the  preparation of this  environmental  assessment: 

Date: 

Research  and  Development 

Date: a!4)b F. T. McNamara, M.S. 
Manager,  Biochemistry  and 
Pesticide Registrations 
Research  and  Development 
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13.0 Certification of Authenticity 
The undersigned  official  certifies  that  the  information  presented in this environmental 
assessment is true,  accurate,  and  complete to the  best  of  his  knowledge. 

Vice-president, 
Research and Development 

. .  
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APPENDIX 1 
Material Safety Data Sheets 
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Bayer @ R 

BAYER CORPORATION 
AGRICULTURE  DIVISION 
12707 West 63rd 
Shawnee  Mission, KS 66216-1846 

PRODUCT NAME........: Enrofloxacin 
PRODUCT CODE........: 68-0490-00 
CHEHICAL FAXILY.. ... : Antimicrobial - Quinoline  Compound 
CHEHICAL NAME.......: l-cyciopropyl-7-(4-ethyl-l-piperazinyi) 

SYNONYMS............: Baytril. Bay VP 2674 
FORMULA.. ........... : C19 HZ2 F N3 03 

-6-fluoro-1,4-dihydro-4-oxo-3-quinoline carboxylic acid 

PHYSICAL FORM ............. : Solid 
APPEARANCE.............. ..: Crystalline 
ODOR.................... ..: Not established 
ODOR THRESHOLD.... ........ : Not established 
MOLECULAR WEIGHT....... ... : 359.4 
pH ........................ 6.5 - 7.5 (1 g in 100 mL H20) 
BOILING POINT. ............ : Not applicable 
MELTING/FREEZING POINT.. ..: 222-226 C / Not applicable 
SOLUBILITY IN  WATER ...... : < 0.01 g/lOO rnL C? 20 C 
SPECIFIC GRAVITY ......... : Not applicable 
BULK DENSITY .............. : Not established 
VAP0R;PRESSURE ........... : Not applicable 

COLOR............... ...... : Pale yellow t o  yellow 

Product Code: 68-0490-00 HSDS Page 1 
Approval date: 10/12/94 Continued on next page 
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FLASH POINT ..................... : Not established 
EXTINGUISHING MEDIA ............. : Water; Carbon Dioxide;  Foam 
SPECIAL FIRE FIGHTING PROCEDURES: May release toxic gases. Fight fire from 

upwind position.  Wear  self-contained breathing apparatus and full 
protective clothing.  Contain  runoff t o  prevent entry into sewers or 
waterways. 

ROUTE(S) OF ENTRY.......: Inhalation; Skin Contact:  Eye Contact 

HUMAN EFFECTS AND SYMPTOMS OF OVEREXPOSURE: 
ACUTE EFFECTS OF EXPOSURE.....: None known: however, animal studies have  shown 

that i t  can be irritating t o  the  eyes. 
CHRONIC EFFECTS OF EXPOSURE. ..: None known 
CARCINOGENICITY. .............. : This  product is not listed by NTP, IARC or 

regulated as a carcinogen by OSHA. 

MEDICAL CONDITIONS 
AGGRAVATED BY EXPOSURE......: None known 

FIRST AID FOR EYES......: Hold  eyelids open and flush  with copious amounts of 
water for 15 minutes. Call a physician if irritation develops or persists 

- after flushing. 
FIRST AID FOR SKIN ...... : In case of skin contact, remove contaminated clothing 

and wash affected areas  with  plenty  of  soap and water. Get medical 
attention if irritation develops or persists. If signs of intoxication 
(poisoning) occur, get  medical attention immediately. 

breathing, give artificial respiration, preferably mouth-to-mouth. Get 
medical attention as soon as possible. 

FIRST AID FOR  INGESTION.:  If ingestion is suspected, call a physician or poison 
control center. Drink  one or two glasses of water and induce vomiting by 
touching back of throat  with finger, or, if available, by administering 
syrup of  ipecac.  If  syrup of ipecac is available,  administer 1 
tablespoonful (15 mL)  of syrup of ipecac followed by 1 to 2 glasses of 
water. 1f.vomiting does not occur within 20 minutes, repeat the dose once. 
Do not induce vomiting o r  give anything by mouth t o  an unconscious person. 

FIRST AID FOR  INHALATION:  Remove to fresh air or uncontaminated area. If not 

Product Code: 68-0490-00 
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VI. FIRST AID PROCEDURES (Continued) _____---_---------------------------- 
NOTE. TO PHYSICIAN.......: Treat  victim symptomatically. In case of poisoning, 

it is also requested that Miles Inc., Agriculture Division, Shawnee, KS, be 
notified.  Telephone: 800-422-9874 (working  hours) or 913-268-2700 
(non-working  hours) 

EYE PROTECTION REQUIREMENTS. ....... : Goggles 
SKIN PROTECTION REQUIREMENTS.. ..... : Avoid skin contact. Wear long sleeves  and 

trousers to prevent  dermal exposure. 
HAND PROTECTION REQUIREMENTS ....... : Chemical-resistant gloves 
RESPIRATOR REQUIREHENTS. ........... : When necessary under the conditions of 

use, wear  a  NIOSH-approved  dust/mist respirator. 
VENTILATION REQUIREMENTS ........... : Control exposures through the use of 

general and local  exhaust  ventilation. 
ADDITIONAL PROTECTIVE MEASURES. .... : Clean water should be-available for 

washing in case of eye or skin  contamination. Educate and  train  employees 
in safe use of  the  product.  Follow  all  label instructions. Launder 
clothing after use. Wash thoroughly after handling. 

VIII. REACTIVITY DATA: 

STABILITY..................: This  is a stable material. 

INCOHPATIBILITIES..........: Not established 
INSTABILITY CONDITIONS.. : Not established 
DECOMPOSITION TEMPERATURE..:  Not established 
DECOMPOSITION PRODUCTS. .... : Hay release  toxic gases if heated to decomposition 

HAZARDOUS POLYHERIZATION...: Will  not  occur. . 
-- ... 

SPILL OR LEAK PROCEDURES.. ..: [solate area and keep unauthorized people away. 
Do not walk through spilled material. Avoid breathing dusts and  skin 
contact.  Avoid  generating  dust (a fine water spray  mist, plastic film 
cover, or floor  sweeping  compound may be used  if necessary). Use 
recommended protective  equipment  while carefully sweeping up spilled 
material. Place in covered  container for reuse or disposal. Scrub 
contaminated area with soap and  water. Rinse with water. Use dry 
absorbent material  such as clay  granules to absorb and collect  wash 
solution for  proper  disposal. Contaminated soil may have to be removed  and 
disposed. Do not allow material to enter streams,  sewers, or other 
wqterways. 

Product Code: 68-0490-00 HSDS Page 3 
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I X .  SPILL AND LEAK PROCEDURES (Continued) ........................................... 
WASTE DISPOSAL METHOD.......: Follow container  label instructions for  disposal 

of wastes generated during use in compliance with the product label. In 
other situations, bury in an EPA-approved  landfill or burn in an 
EPA-approved  incinerator. Do not  reuse  container. 

STORAGE TEMPERATURE(MIN/HAX): Not  established 
SHELF LIFE..................: Not  established 

HANDLINC/STORAGE  PRECAUTIONS: Store in a cool, dry place. Do not store near 
SPECIAL SENSITIVITY. ........ : Protect Erom light 

materials  intended for the use or consumption by humans. 

TECHNICAL SHIPPING NAME.. ...... : Not  Applicable 
FREIGHT CLASS BULK ............. : Not  Applicable 
FREIGHT CLASS PACKAGE. ......... : Drugs and Medicines”’ 
PRODUCT LABEL. ................. : Not  Noted 

DOT (HH- 18 1) (DOMESTIC SURFACE) ............................... 
PROPER SHIPPING NAME ........... : Drugs and Medicines 
HAZARD CLASS OR DIVISION ...... : Non-Regulated 
* released to value as described in NMFC 6000 

IMO / IMDG CODE (OCEAN) ....................... 
PROPER SHIPPING NAME ........... : Not Applicable 
HAZARD CLASS DIVISION  NUMBER ... : Non-Regulated 

ICAO / IATA (AIR) ----------------- 
PROPER SHIPPING NAME........ ... : Not Applicable 
W A R D  CLASS DIVISION  NUMBER ... : Non-Regulated 

TOXICITY DATA FOR: Enrofloxacin Active  Ingredient  (Technical Drug Substance) 
ACUTE TOXICITY 

Product Code: 68-0490-00 
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XII. ANIMAL TOXICITY DATA (Continued) __________----------------------------- 
ORAL LD50.. ........ : Rat: >5000 mg/kg 
DERMAL LDSO.. ...... : Rab.bi t: >2000 mg/kg 
INHALATION LCSO....: Rat: '3547 mg/m3 
EYE EFFECTS........: Rabbit:  Irritant, reversible in 7 days 
SKIN EFFECTS.......: Rabbit:  Not a primary irritant 
SENSITIZATION.,....: Guinea pig:  Not a sensitizer 
OTHER ACUTE EFFECTS: None 

SUBCHRONIC TOXICITY...:  Dog:  NOEL: 3 mg/kg 
CHRONIC TOXICITY......:  Rat:  NOEL: 100 ppm 
CARCINOGENICITY.......: Non-carcinogen 
MUTAGENICITY..........: Suspect 
DEVELOPMENTAL TOXICITY:  Rabbit:  NOEL:  25 mg/kg 
REPRODUCTION..........:  Rat:  NOEL: 10 mg/kg 
NEUROTOXICITY ........ : No data available 

OSHA STATUS............. .... : This  product is hazardous under the  criteria of 
the  Federal OSHA Hazard Communication  Standard 29 
CFR 1910.1200. 

TSCA STATUS........ ......... : This  product  is  exempt from TSCA  Regulation under 
Section 3 (2) (B) (vi) when  used  for pharmaceutical 
application. 

CERCLA REPORTABLE QUANTITY..: None 
SARA TITLE 111: 

SECTION 302 EXTREMELY e 

SECTION 311/312 

SECTION 313 

HAZARDOUS SUBSTANCES..: None 

HAZARD CATEGORIES ..... : Immediate Health Hazard 
TOXIC CHEMICALS. ...... : None 

RCRA STATUS...... ........... : I €  discarded in  its purchased form, this product 
would not  be a hazardous waste  either by listing 
or  by characteristic. However,  under RCRA, it is 
the responsibility of the product user t o  
determine at the  time of disposal,  whether a 
material containing the product  or  derived from 
the  product should be classified  as a hazardous 
waste. (40 CFR 261.20-24) 

. 

NFPA 704H RATINGS: Health Flammability Reactivity Other 
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Bayer's method of hazard  communication is comprised of Pr'oduct Labels and 
Material Safety Data Sheets. NFPA  ratings are provided by Bayer Corproation  as 
a customer service. 

REASON FOR ISSUE .......... : Revise to new format; change company name;  make 
general revisions 

PREPARED BY........ ....... : V. C. Standart 
APPROVED BY...............: D. C .  Eberhart 
TITLE.....................: Product Safety  Manager 
APPROVAL DATE.............: 10/12/94 
SUPERSEDES DATE...........: 12/09/88 
HSDS NUMBER.......... ..... : 20184 

Product Code: 68-0490-00 
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Product Code: 70531 Page: 1 

Product Name: PROPYLENE  GLYCOL USP 

Effective Date: 05/20/92 Date  Printed: 06/14/93 MSDS:000248 

1. 

2. 

3. 

INGREDIENTS (Sa w/w, unless  otherwise  noted) 

Propylene  glycol  CAS# 000057-55-6 99% 

This  document is prepared  pursuant  to  the  OSHA  Hazard 
Communication  Standard (29 CFR 1910.1200). In addition,  other 
substances not 'Hazardous' per this OSHA Standard  may  be listed. 
Where  proprietary  ingredient  shows,  the  identity  may  be  made 
available  as  provided in this  standard. 

PHYSICAL DATA: 

BOILING  POINT: j 7 O F .  188C 
VAP PRESS: 0.08 mm Hg @ 20C. 68F 
VAP OENSITY: 2.62 
SOL. I N  WATER: Complete 
SP. GRAVITY: 1.038 20/20C, 68F 
APPEARANCE:  Colorless liquid. 
ODOR:  Odorless. 

c 

FIRE AND EXPLOSION HAZARD DATA: 

FLASH POINT: 2 1 8 ~ .  lO3C 
METHOD USED: PMCC 

FLAMMABLE  LIMITS 
LFL: 2.6% 
UFL: 12.5% 

EXTINGUISHING  MEDIA:  Water  fog,  alcohol  foam,  C02,  dry  chemical. 

FIRE 6 EXPLOSION  HAZARDS:  Not  available. 

FIRE-FIGHTING  EQUIPMENT:  Wear  positive-pressure,  self-contained 
breathing  apparatus. 

(Cont i nued  on  page 2 )  
(R) Indicates a Trademark of The  Dow  Chemical  Company 
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Dow Chemical U.S.A.* Midland, MI 4 8 6 7 4  Emergency Phone: 517-636-4400 

P r o d u c t  Code: 70531 Page: 2 

Product Name: PROPYLENE  GLYCOL USP 

E f f e c t i v e   D a t e :  05/20/92 Date  Pr in ted:  06/14/93 HSOS:000248 

4. REACTIVITY DATA 

STABILITY: (CONDITIONS TO AVOID) S t a b l e   u n d e r   n o r m a l   s t o r a g e  
c o n d i t i o n s .  

INCOMPATIBILITY: ( S P E C I F I C  MATERIALS TO AVOID)  O x i d i z i n g  
m a t e r i a l .  

HAZARDOUS DECOMPOSlTlON  PRODUCTS: Prop iona ldehyde,   carbon 
monoxide i n   t he   p resence  of  l i m i t e d   o x y g e n  i n  a f i r e   s i t u a t i o n .  

HAZARDOUS POLYMERIZATION: Will no t   occu r .  

5. ENVIRONMENTAL  AND DISPOSAL INFORMATION 

ACTION TO T A K E  FOR SPILLS/LEAKS: Small s p i l l s :  Cover 
w i t h   a b s o r b e n t   m a t e r i a l ,  soak  up  and  sweep i n to  a drum. 
.Large  spi I 1 s:  Dike  around  sp i  1 f and pump in to  s u i   t a b l e  
c o n t a i n e r s .  

DISPOSAL METHOD: Reprocess or  burn i n  a n   a p p r o v e d   i n c i n e r a t o r  
i n  a c c o r d a n c e   w i t h   a l l   f e d e r a l ,   s t a t e ,   a n d   l o c a l   r e q u i r e m e n t s .  

6. HEALTH HAZARD  DATA: 

EYE: May cause S I  i g h t   t r a n s i e n t   ( t e m p o r a r y )   e y e   i r r i t a t i o n .  
C o r n e a l   i n j u r y  i s .  u n l i k e l y .  

S K I N  CONTACT: Pro longed  contact  i s  e s s e n t i a l l y   n o n i r r i t a t i n g   t o  
skin.  Repeated  exposure may cause s l i g h t   f l a k i n g ,   t e n d e r n e s s ,  
and s o f t e n i n g  o f  sk in .  

S K I N  ABSORPTION: A s i n g l e   p r o l o n g e d   e x p o s u r e   i s   n o t   l i k e l y  t o  
r e s u l t   i n   t h e   m a t e r i a l  be ing   absorbed  th rough  sk in  i n  h a r m f u l  
amounts. The LO50 f o r  s k i n   a b s o r p t i o n  i n  r a b b i t s   i s  >IO g/kg. 

INGESTION: S i n g l e  dose o r a l   t o x i c i t y   i s   e x t r e m e l y  low. The 

' (Cont i nued  on  page 3) 
(R) I n d i c a t e s  a Trademark o f  The Dow Chemical Company 
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Oow Chemical U.S.A.* Midland. MI 48674 Emergency Phone: 517-636-4400 

Produc t  Code: 70531 Page: 3 

Product Name: PROPYLENE  GLYCOL  USP 

E f f e c t i v e  Date: 05/20/92 Date   P r in ted :  06/14/93 HSDS:000248 

6. HEALTH HAZARD DATA: (CONTINUED) 

o r a l  LOSO f o r   r a t s  i s  21-33.7 g/kg. No h a z a r d s   a n t i c i p a t e d  
from i n g e s t i o n   i n c i d e n t a l   t o   i n d u s t r i a l   e x p o s u r e .  

INHALATION: A s i n g l e   p r o l o n g e d   ( h o u r s )   i n h a l a t - i o n   e x p o s u r e   i s  not 
l i k e l y   t o  c a u s e   a d v e r s e   e f f e c t s .   M i s t s   a r e  not l i k e l y  t o  b e  
hazardous. 

SYSTEhlC (OTHER  TARGET  ORGAN)  EFFECTS: R e p e a t e d   e x c e s s i v e  
i n g e s t i o n  may cause   cen t ra l   ne rvous   sys tem  e f fec ts .  

CANCER INFORHATION: Did not   cause  cancer  i n  l o n g - t e r m  
animal   s tud ies.  

TERATOLOGY (BIRTH DEFECTS): B i r t h   d e f e c t s   a r e   u n l i k e l y .  
Exposures  having no adverse   e f fe 'c ts  on t h e   m o t h e r   s h o u l d  
have  no e f f e c t   o n   t h e   f e t u s .  

REPRODUCTIVE E F F E C T S :  In   an ima l   s tud ies ,   has   been  shown 
n o t   t o   i n t e r f e r e   w i t h   r e p r o d u c t i o n .  

HUTAGENICITY  (EFFECTS ON GENETIC MATERIAL): R e s u l t s  o f  i n  
v i t r o   ( ' t e s t   t u b e ' )   m u t a g e n i c i t y   t e s t s   h a v e   b e e n   n e g a t i v e .  
R e s u l t s   o f   m u t a g e n a i c i t y   t e s t s   i n   a n i m a l s   h a v e   b e e n   n e g a t i v e .  

7. FIRST AID: 

EYES: I r r i g a t e   i m m e d i a t e l y   w i t h   w a t e r  for a t   l e a s t  5 m i n u t e s .  

SKIN :  Wash o f f  i n  f l ow ing   wa te r  or shower. 

INGESTION: No a d v e r s e   e f f e c t s   a n t i c i p a t e d   b y   t h i s   r o u t e  of  
exposure. 

INHALATION: No a d v e r s e   e f f e c t s   a n t i c i p a t e d   b y   t h i s   r o u t e   o f  
exposure i nc i denta 1 t o  proper i n d u s t r  i a 1 hand 1 i ng . 

(Continued  on  page 4 )  
(R) I n d i c a t e s  a Trademark o f  The Dow Chemical Company 
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Dow Chemical U.S.A* Midland, MI 48674 Emergency Phone: 517-636-4400 

Product Code: 70531 Page: 4 

Product Name: PROPYLENE  GLYCOL USP 

Effective Date: 05/20/92 Date  Printed: 06/14/93 MSOS:000248 

7. FIRST AID:  (CONTINUED) 

NOTE TO PHYSICIAN:  No  specific  antidote.  Supportive  care. 
Treatment  based  on  judgment of the  physician in response to 
reactions of the  patient. 

8. HANDLING PRECAUTIONS: 

EXPOSURE GUIDELINE (S) : AlHA WEEL is 50 ppm  total ; 10 rng/m3 
aerosol  only.  There is no OSHA PEL or ACGl H TLV for 
propylene  glycol. 

VENTILATION:  Good  general  ventilation  should  be  sufficient. 

RESPIRATORY  PROTECTION:  When  airborne  exposure  guidelines  and/or 
comfort  levels  may  be  exceeded. trse an approved  air-purifying 
respirator. 

SKIN PROTECTION: Use impervious  gloves  when  prolonged or  
frequently  repeated  contact  could  occur. 

EYE PROTECTION:  Use  safety  glasses.  Where  contact  with  liquids 
is likely,  chemical  goggles  are  recommended  because  eye 
contact  with  this  material  may  cause  pain,  even  though it is 
unlikely to cause injury. 

9. ADDITIONAL INFORMATION 

SPECIAL  PRECAUTIONS  TO BE TAKEN IN HANOLING A N D  STORAGE: 
Exercise  reasonable  care  and  caution. 

HSOS STATUS:  Revised  section 6. 

j 

For information  regarding  state/provincial  and  federal  regulations  see 
(R) indicates  a  Trademark of The Dow Chemical  Company 

* An  Operating  Unit of The  Dow  Chemical  Company 
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Dow Chemical U.S.A* Midland, MI 48674 Emergency Phone: 517-636-4400 

Product  Code: 70531 Page: R-1  

Product Name:  PROPYLENE  GLYCOL  USP 

E f f e c t i v e  Date:  05/20/92  Date  Printed:  06/14/93 hSDS:000248 

REGULATORY INFORMATION (Not meant to be  all-inclusive--selected 
regulations  represented) 

NOTICE: The i n f o r m a t i o n   h e r e i n   i s   p r e s e n t e d  i n  good f a i t h  and b e l i e v e d  
t o   b e   a c c u r a t e  as t h e   e f f e c t i v e   d a t e  shown above. However, no 
war ran ty ,   express   o r   imp l ied ,  i s  g i ven .   Regu la to ry   r . equ i remen ts   a re  
s u b j e c t   t o  change  and may d i f f e r   f r o m  one l o c a t i o n   t o   a n o t h e r :  i t  i s  
t h e   b u y e r ' s   r e s p o n s i b i l i t y   t o   e n s u r e   t h a t   i t s   a c t i v i t i e s   c o m p l y  w i t h  
f e d e r a l ,   s t a t e   o r   p r o v i n c i a l ,  and loca l   l aws .  The f o l l o w i n g   s p e c i f i c  
i n f o r m a t i o n   i s  made fo r   t he   pu rpose   o f   comp ly ing  w i th  numberous f e d e r a l ,  
s t a t e  or p r o v i n c i a l ,  and loca l   l aws   and   regu la t i ons .  See MSD S h e e t   f o r  
h e a l t h  and sa fe ty   i n fo rma t ion .  

SARA HAZARD CATEGORY: Th is   p roduc t   has   been  rev iewed  accord ing  t o  t h e  
EPA "Hazard  Categor i es"  promulgated  under  Sections 31 1 and 31 2 o f  the 
Super-fund Amendment and   Reau tho r i za t i on   Ac t   o f  1986 (SARA T i t l e  I I I )  and- 
i s   c o n s i d e r e d ,  under a p p l i c a b l e   d e f i n i t i o n s ,  t o  m e e t   t h e   f o l l o w i n g  
ca  tegor i es: 

Not t o  have  met any hazard  category 

CANADIAN REGULATOlNS 
CIDDPPP=PP==IDtPIEIP 

WHMIS INFORMATION: The Canadian  Workplace  Hazardous  Mater ia ls 
I n f o r m a t i o n  System (WHMIS) C l a s s i f i c a t i o n   f o r   t h i s   p r o d u c t  i s :  

Th is   p roduc t  i s  no t  a "Con t ro l l ed   P roduc t "   under  WHMIS. 

CANADIAN TDG INFORMATION: Fo r   gu idance ,   t he 'T ranspor ta t i on  o f  Dangerous 
Goods C l a s s i f i c a t i o n   f o r  t h i s  p r o d u c t   i s :  

(Continued  on page R-2) 
(R) I n d i c a t e s  a Trademark o f  The Dow Chemical Company 
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Dow Chemical U.S.A* Midland, MI 48674 Emergency  Phone: 517-636-4400 

Product Code: 70531 Page: R-2 

Product  Name: PROPYLENE GLYCOL USP 

Effective Date: 05/20/92 Date  Printed: 06/14/93 MSOS:000248 

REGULATORY  INFORMATION  (CONTINUED) 

Not regulated. 

c 

;(R) Indicates a Trademark o f  The Oow Chemical  Company 
The  Information  Herein Is Given In Good  Faith,  But No Warranty, 
Express Or Implied, I s  Hade. Consult  The Oow Chemical  Company 
For Further  Information. 

* An Operating  Unit o f  The Oow Chemical  Company 
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ATTN: 3 A F E T Y  3 I R E C T J R  
L A R R Y  T i i i3 lAS 
H I L E 3  INC 
ANIMAL HEALTH DIVI SIOt; 
i33x 4913 
KANSAS C I T Y  H3 64120-0013 

DATE 0411 3 / 9 5  
CUSTif: 130680 
PO#: G54P10117 

;YNONYMS 
BENZAL  ALCOHOL 6: BENZENECARB IYJOL & SENZENEHETHANJL * BENZOYL ALCOHOL 9:- 

Cob111 'k P ~ E N ~ ~ L C A R B I X J L  Qr PHENYLCARBINOL 6 PHENYLaETHANOL * 
PHENYLMETHYL  ALCJHOL C ALPHA-TCJLUFNOL * 

HYDROXYTOLUENE * ALPtIA-HYD2OXYTOLUENE * HETHANOL v PHEf lYL-  * NCX- 

,ABEL ?RECAUTICJ:IARY STA T E H E t l T S  
HARHFUL 
HARHFUL IF Si iALL3YE 

R I S K  :7F SERIOUS DAH 
TARGET . 3 R G X ~ I ( S l :  
CENTRAL NEZVOUS S Y S  
I II CASE OF CCL'IT4CT 
XATER-AND SEEK '4EDI 
AEAR .>UI  T A a L E  ?XOTE 

IRRITATING T O  EYE>. 
0. 
RE SPI R A T  

AGE T3 EY 

T E 3  
: i I T H  EYES 
C A L  A D V I C  

' C T I  VE CLCl 

AZAROS 

O X Y  SYS 
E S -  

IDENTTFICATION - - - - - 

IMHEDIATELY X I T H  P L E N T Y  :3 F 

H Y G R ~ s C D P  I c 

I N  CASE 3F CONTACT, lfl 

I FJ CASE 3F C01'JTACTr I l l  
AHOUNTS JF JATERo 
IF I rYHALE3r REHllVE TO 
R E S P I R A T I 3 N .  I F  BREATtI 
IF S2ALL3WEOv  ;iASH OUT 

HATER FCJR AT LEAST 15 

CALL A P w s r c r A N -  
V A S 3  CJNTAHINATED CLOT 

HEDIATELY  FLUSH EYES WITH CO 
HEDIATELY WASH SKIN HIT14 S 3 A  
YI NUT€ 5 

F!?ESH A I R .  IF NOT BREATHING 
IflG [ S  O I F F I C U L T r  G I V E  3 X Y G E  
iiOUTH A I T H  HATER P R O V I D E D  P 

CONTINUED ON NEXT PAGE 
Page 49 of 119 

8 P 1 0 U S  A 

P AND C 

G I V E  AR 
N. 
ERS3N I 

HOUNTS 

UP I3US 

, T I  F I CI 
S CONS 

OF 

AL 

CI 3uso 



P.O. Box 355. Milwaukee. Wisconsin 53201 USA 

Telephone: (414) 273-3850 

Telex: 26 843 ~luridr MI 
Twx: (910) 262-3052 %f*& 

FAX: (414) 27349m 

PRODUCT fi: 3016208 
/IF: C7H80 

CUSTJ: 130680 
PO#: GS4P 13117 

NAME: 3ENZYL ALCOHOL, 99+Z 

PAGE 2 

XTItJCUI SH I N G  YEDI A 

;PECIAL  FIREF1GHTI: IG PRiICE3UZES 

HATER  SPRAY- 
CARBilN !3IiYXIDE-r DRY ZHEHICAL POWDER !3R APPROPRIATE  FOANo 

HEAR SELF-CONTAINED  i3REATHING  APPARATUS  AND PROTECTIVE CLOTHING TO 
PREVENT  C3NTACT W I T H  SKIN A N 0  EYES. 

JiJUSUAL F I R E  AND EXPLOSIONS H A Z A R D S  
E H I T S  roxrc  FUHES U N D E R  FIRE C J V D I T I O N S .  

WEAR SELF-CONTAINED  SREATHING APPARATUS, RU88ER BOOTS AND HEAVY 

COVER H I T H  3RY LIHE OR S3DA ASH, PICK UP*  KEEP I N  A CLOSED  CONTAINER 
AND HPLD FOR 'AASTE i I I S P O S A L e  

RUSBER GLOVES* 

VENTILATE AREA AN3 'AASH S P I L L  SITE AFTER H A T E R I A L  PICKUP IS COHPLETE- 

Y G3GGLE S. 

S P I R A T O R -  
3AT H 0 

U I R E D .  

' S ,  S K I N  AND CLOTHING- 
HANDLING, 

HARHFUL LIQUID. 
KEEP  TIGHTLY CLJSEDo 
STORE I N  A COOL DRY PL .ACE 

CONTINUED ON NEXT P A G E  
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-fr? chemists  helping chemists in research 6 industry 
Telephone: (414) 273-3850 aldrich chemical co., inc. EGE~z~%~~ 
Twx: (9 1 0) 262-3052 zzc-~ 

P.O. Box 355. Milwaukee.  Wisconsin 53201 USA 

PRODUCT ,V: 3016208 
MF: C7HOO 

CUST#: 130680 
PO#: G S 4 P 1 0 1 1 7  

NAN€: aENZYL ALCOHOL, 99+Z 

; E C T I O N  90 - - - - - - . . -  PHYS'ICA 

iPPEARANCE AND 9DOR 
COLORLE5S L I Q U I D  
SOILING P3INT:  205 C 
HELTING PCIII'JT: -15 C 
FLASHPOINT 201 F 

n = r  

AUT3IG>JITICI>I TEHPERATURE: 
VAPOR PRESSURE : 3.75HPl 
VAPOR OENSITY: 3.7 
S P E C I F I C  G R A V I T Y :  le045 

7 2 b  

L AND CHEHICAL PRClPERTTES 

a17 F 
77 c 

c 

PAGE 3 

BECTX3N 10, - - - - - - - - - S T A B I L I T Y  AND R E A C T I V I T Y  - - - - - - - - - 
. N C O H P A T I R I L I T I E S  

STRONG JXI D I  ZX I.JG AGENTS 
A HIXTU2E 3F 9FNZYL ALCOHOL AND 582 SULFURIC A C I D  OECOHPOSED VIOLENTLY 
WHE13 HEATED T3 .180  C O  DENLYL ALCOHOL CONTAINING l e 4 2  HYDROGEN BROHIDE 
AN0 101% 3F A!\l IRUN(2) SALT  POLYflERIZED  EXOTHERHALLY -WHEN HEATED ABOVE.. 
100 c. 
HAY D E C O H P D S E  3N EXPOSURE TO HOIST A I R  OR WATER, 

TOXIC FUHES OF: 
! A Z A R D X J S  C3HBUSTT 3iJ OR iXC3! IPOSITI i lN PRODUCTS 

CARBOIJ HONOXI3Et  CARBON D I O X I D E  

ICUTE  EFFECTS 
HARMFUL IF SWALLOHEO- 
HAY 8E HARMFUL IF 1 NHALEDo 

CAUSES SEVERE EYE IRRITATION.  
CAUSES SKIN I R R I T A T I O N -  

R E S P I R A T O R Y  TRACT. 
CAN CAUSE C?JS DEPRESS1 OtJo 

HAY BE HAiX,\lFUL IF A 8 S O R B E D   T H R O U G H   T H E  SKIN, 

HATERIAL IS I R R I T A T I N G  TO IIUCOUS  HEHBRANES AND UPPER 

CONTINUED ON NEXT PAGE 
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P.0; Box 355. Milwaukee. Wisconsin 53201 USA 
- 

CUSTB: 130680 
PO#:  G54PL0117 

PRODUCT S: 8016208 NAME: BENZYL ALC3HOLv 99+Y 
HF: C7H80 

CTOI DG 
AHXHSC 
CTOI DG 
AH1 HBC 
FCTXAV 

FCTXAV 2 
t IPl tRIf  L 
TXAPA9 1 
TXAPA9 1 
G I S A A A  5 
JPHSAE 7 
A I P T A K  1 
JPETAB 8 

64 

71 
71 
81 r 8 5  
.e86 
0.62 
.45 

ENSES 
T I  ME) 

( H I O S I S )  

B E H A V I  ORAL (C3HA) 
LUNGS, THORAX 3R RESPIRATION (CHRONIC PULHONARY EOEHA .3R CONGESTI3NI  
LUNGS,  TH3RAX 32 RESPIRATION ( O Y S P N A E )  
LUNGS THORAX 93 RESPIRATION (OTHER CHANG SI . 

J N L Y  SELECTED  REGISTRY OF TOXIC EFFECTS O F  CHEHXCAL  SUBSTANCES 

COHPLETE I YIFORHATIONo 

( ; A S T R ~ I N T E S T I ~ J A L  (HYPERHOTILITY, OIARRHEAF 
KIDNEY, URETERv BLADDER (OTHER CHANGES) 

( R T E C S )  DATA IS PRESENTED H E R E ,  SEE ACTUAL ENTRY I N  RTECS FOR 

. E C T I O N  120  - - - - - - - - ECOLOClCAl INFORMATION - - - - - - - - - - 
D A T A  NOT YET  AVAILABLE. 

CONTINUED ON NEXT P A G E  
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chemists helping chemists in research 6 industry 

p.0: BOX 355, Milwaukee. Wisconsin 53201 USA 

PRODUCT 5: D O l 5 2 O B  
HF: C7HBO 

PAGE 5 

CUSTft: 130680 
PO#: G 5 4 P 1 0 1 1 7  

NAME: 9ENZYL  ALCDHOL, 99+t 

DISSOLVE LIX H I X  THE  HATERIAL  NITH A COHBUSTTBLE  S3LVENT AND BURN IX A 
CHEHICAL  TVCI:lERATOR  EQUIPPED  WITH AN AFTERBURNER AND SCRUBBER- 
38SE3VE ALL FEDERAL,  STATE AND L O C A L  ENVIRONMENTAL  REGULATTONS- 

!EVIEHSr STANDARDS. AND REGULATIONS 
EPA FIFRA 1388 P E S T I C I D E  SUBJECT TO REGISTRATION OR RE-REGISTRATION 

OEL-RUSSIA tSTEL 5 HGJH3;SKIN  JAN93 
OEL I N  B U L G A R I A ,  COLCIH61A, JOROAN KOREA CHECK ACGIH T L Y  
OEL I N  NEW LEALAND,  SINGAPORE, VIZTNAH CHECK A C G I H  T L V  
NOHS 1374:  YZD 11360; N I S  35: TNF 7284; HOS 66; TNE 138757 
NOES 1383: 420 11360; NIS 102; TNF 14657; NOS 102; TNE 334686; TFE 

EPA  TSCA CHEHICAL  INVENTORY  JUN 1993 
EPA TSCA TEST XJBHISSTGN  (TECATSF DATA  0AS.E. JULY 1994 

FEXEAC 54.?740,09 

195361 
-. 

€PA GENETOX PROGRAM 19889 PlEGATIVE: E C O L I  PCILA XITHOUT 5 9  

t4TP-CARCIN3GENESIS  STUDIES  (GAVAGE):NO  EVIDENCE:RAT,HOUSE 
tJTPTF.6 NTP-TR-3439 a3 

THE AaOVE  INFJRYATT3N  IS  DELIEVED  TO BE CORRECT 9UT D O E S  NOT  PURPORT  TO 
BE ALL I N C L U S I V E  AND SHALL BE USED ONLY AS A GUIDE.   ALORICH SHALL NOT BE 
HEL9 L I A B L E  FOX ANY  DAHAGE RESULTING FROH 2ANDLING OR FROH  CONTACT HITH 
THE  ABOVE  PiXODUtT. SEE REVERSE S IDE OF INVOICE OR P A C K I N G   S L I P  FOR 
ADDIT13NAL TERMS AND CONDITIONS 3F SALE. 

CONTINUED ON NEXT  PAGE 
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Telephone: (414) 2733850 
Twx: (910) 262-3052 

P.O. Box 355, Milwaukee. Wisconsin 53201 USA 

C i l P Y R T G H T  1995 ALDRICH CHEMICAL CO INC, 
L I C E N S E  GRANTED T O  Y A K E  X J L I W I T E D  ~ A P E R  C O P I E S  FOR XNTERNAL USE CINLY. 
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State Office of the  Environment Diisseldorf 
(Original has the Coat of Arms of the Administrative District of Diisseldorf) 

Slate (Mia of& Envimmnent . Schanzmstrea 90.40549 Dasseldorf 
I d d o n  will be given by 
H. Bierrnann 

To 
The Company  Tel. No.: 021  1/5778-348 
Bayer AG 
Business  Group Animal  Health 
ann. Dr. Neukam 

51368 Monheim 

Your  Reference,  Your  communication of My Reference 
22 1 1 -Bi- 

Diisseldorf, 07. 09. 95 

Concerning:  Environmental  Assessment 

Dear  Dr.  Neukam, 

The manufacture  of  Enrofloxacin  at  your  premises in Wuppertal-Elberfeld  has  been  approved 
in accordance  with  the  Federal  Imission  Control  Act (Bundes-Immisionsschutzgesetz). This 
occurred  till  lately by the  approval of the  President of the  Administrative  District of Dusseldorf 
issued on 28. 04. 1994, Certificate: 55.8851. 1/3859. .. . .. .. . 

Such  approval is only given if it has  been  ensured that humans, animals  and  plants,  the soil, the 
water  and  the  atmosphere  as well  as  cultural  and other properties are protected  from harmhi 
environmental  effects  and  fiom  risks,  substantial  detriment  and  substantial  inconvenience  and 
that  measures  commensurate  with  the  state of technology  have  been  taken to protect  against 
h a d 1  effects  upon  environment. 

-- 

In addition other public  regulations, in particular for the protection of nature,  the  landscape 
and water  must  not bar the  intended  action. 

Prior to approval  being  issued, all the  relevant  environmental aspects have  therefore  been 
checked  with the participation or the  responsible  authorities. This guarantees  that  at the time of 
approval  all  valid  regulations  are  adhered  to. 

The facilitiy is also subject of the  specific  supervision by the state environmental  authorities. TO 
my knowledge no complaints  worthy of note  are  pending. 

Yours faithiidly 

By authority 
(Biermann) 

(Original  signed) 



Staatliches Umweltamt Dusseldorf 

Firma 
Bayer  AG 
Gesclx5ftsbereich  Tiergesundheit 
z. Hd. Herrn Dr. Neukam 

5 1 3 6 8 Monheim 

Ihr Zeichen und Tag Mein Zeichen 
2211 - Bi - 

Audurnftd 

H Biennann 

Dudwahk 

021 I f 5778-348 

Dijsseldod 1209.95 

FDA - Environmental  assessment; 

Sehr geehrter Herr Dr. Neukam, 

die Herstellung von Enrofloxacin in Ihrem Werk in Wuppertal-Elberfeld ist g d  den Vorschriften des 
Bundes-Immissionsschutzgesetzes konzessioniert. Dies geschah zuletzt mit dern Genehmigungsbedeid 
des Fkgiemngspriisidenten  Diisseldorfvom  28.04.1994, A22 55.885  1.4.1/3859. 

Eine derartige behmigung wird nur erteilt, wetq sichergestellt ist, daB Mensch- Tiere und PfIanza, .- 

der Boden, das Wasser, dic Atmosphiire sowie Kdturgiiter und sonstige Sachgiiter vor schiidlichen 
Umwelteinwirkungen  und vor Gcfahren,  erheblichen  Nachteilen und erhebiichen BeWgmgen  
geschiitzt werden  und  nach  dcm Stand der Technik Vorsorge  gegen sch5diiche Urnwelteinwirkungea 
getroffen wird. 

AuDerdem  diirfcn  andere  offentlich-rechtliche Vorschr ih  - insbesondere auch aus d m  Natur-, 
Landschafts- und GWserschutz - d m  Vorhaben nicht entgegenstehen. 

Vor Ertedung einer  solchen Genehmigung sind daher unter Beteiligung der zusthiigen Behdrden alle 
relevanten Umweltbelange ilberpriifi worden. Damit ist sichergesteUt, daO zum Zeitpunkt der 
Genehmiguq die d t igen  Vorschriften eingehalten werden. 

Die  Anlage untefiegt dariiber hinaus der besondem hrwachung durch die staatlichen 
Umweltbeh6rden.  Erwdmenswerte  Beanstandungen liegen nach hiesiger Erkenntnis nicht vor. 

Mit freundlichen Griil3en 

ImAuftrag 
i 

/sLr 
(Biermann) Page 57 of 119 
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Bayer  Report No.: 73353 

Title:  Water  solubility of BAY Vp 2674 

Authors: T. B. Waggoner 

Reference: ABC Laboratories,  Columbia,  Missouri 
ABC Study No. 34529 

S u m m a r y :  Following TAD Guideline  3.01,  the  aqueous  solubility of 14C-labeled 
BAY Vp 2674  was  determined at pH 5,7, and 9. Triplicate test  systems were 
prepared in phosphate  buffers at each  level,  and  duplicate analyses of each test 
system  were  made  on  each  analysis  day.  Measurements of radioactivity were 
made  with  a  liquid  scintillation  counter.  Values  reported were the means of all 
values  obtained  fiom  three  or  more  analysis  days. The solubility at pH 5 was 
1 100 mg/L,  the  solubility  at  pH 7 was 250  mg/L, and the solubility at pH 9 was 
600 mgL. 

J:users\linda\enviroas\gggeaOO2.doc Page 59 of 1 19 

~~ 

2/29/96 



Bayer Report No.: 73409 

Title:  Vapor  Pressure of BAY Vp 2674 

Authors: T. B. Waggoner 

Reference: ABC Labs,  Columbia, Missouri 
ABC  Study No. 73409 

S u m m a r y :  Vapor  pressure of BAY Vp 2674 was determined according to TAD Guideline 
3.03 utilizing  a  gas-saturation  technique and analysis  by HPLC and fluorescence 
detection.  Three  separate  determinations  were  made. At 25"C, the vapor pressure 
was less than 1 x mm Hg (torr). 
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Bayer Report No.: 73390 

Title:  n-OctanollWater  Partition  Coefficient  for Bay Vp 2674 

Authors: T. B.  Waggoner 

Reference: M. C. Bowman  and  Associates,  Pine  Bluff,  Arkansas 
Bowman  Study No. 2674RPTH 

Summary: Following TAD Guideline  3.02,  the  partition  coefficient was determined at  pH 5, 
7,  and 9 for two concentrations, 10 and 100 ppm,  corresponding to 4%  and 40% 
of the  solubility  at  pH 7 (250  ppm, 25°C). The n-Octanollwater  partition 
coefficients at 25OC were  0.4 (pH 5), 3.1 (pH 7),  and 0.7 (pH 9). 
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Bayer Report No.: 106544-1 

Title:  Addendum 1:  Total  Radioactive  Residue  Depletion  and  Metabolism of [4-14C] 
Enrofloxacin  in  Turkeys: A Total  Residue  Depletion  Study  in Turkeys Following 
Oral  Administration of [4-14C] Enrofloxacin 

Authors: C. E. Heird 

Reference:  Southwest  Bio-Labs,  Inc. 
SBL Study No. 9332t 

Summary :  Turkeys (10 to 1 1 weeks  old at first  dose)  were  administered enrofloxacin for 
7 consecutive  days  by  oral  gavage.  Each  bird  was  given  a  total daily dose of 
['4C]-enrofloxacin  equivalent to the  maximum  recommended treatment rate 
(50  ppm  drinking  water)  based on water  consumption of 800 mI; per day. Each 
bird  was  dosed  with  one-third  of  the  total  daily  dose  three  times per day. The 
birds  were  sacrificed at 6, 10, 15,  and  24  hours  after  the final dose was 
administered.  Excreta,  liver,  muscle,  and skin with adhering  fat were collected for 
analysis.  The  depletion of the  total 14C residue  from  the  tissues was monitored by 
combustion  and  radioassay  of an aliquot of each  tissue  from  each  bird. Briefly, 
the  highest  residue  levels  were  in  the  liver at each  withdrawal interval. At 
6 hours,  liver  contained  approximately 8.6 ppm,  and this level rapidly declined to 
approximately  3.0  ppm by 24 hours.  Muscle  contained  2.1  ppm at 6 hours, and 
this level  rapidly  declined  to  approximately  0.43  pprn  by 24 hours. Skin with 
adhering  fat  contained 0.9 ppm  at 6 hours,  and  this  level  rapidly declined to 
approximately 0.27 ppm by  24 hours. 

I 
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Bayer Report No.: 106632 

Title: Analysis of [2,3-Piperazinyl ‘3C2]/[4-‘4C]Enrofloxacin Residues in Turkey 
Excreta 

Authors: A. M. Kasper and B. A. Shadrick 

Reference: Bayer Research Park 
Bayer Study No. EN191402 

summary: Excreta from male and female turkeys previously treated with “C-enrofloxacin 
equivalent to the maximurn recommended treatment rate (50 ppm in the drinking water 
for 7 days; Bayer Report No. 106544) were analyzed to determine the membolites 
excreted from turkeys. The excreta collected 24 hours after the treatment initiation and 6 
or 15 hours after the cessation of treatment were analyzed. No substantial difference in 
the distribution of the metabolites was noted for the excreta collected-&m the male and 
female birds nor for the excreta at either collection interval. Therefore, the average 
distribution of the metabolites was determined for the turkeys. Of the radioactivity in the 
excreta, 69% was comprised of enrofloxacin and enrofloxacin conjugates, 23% as 
ciprofloxacin and a ciprofloxacin conjugate, 1% as oxociprofloxacin, and 7% was bound 
residues. Two unknown metabolites each represented 10.4% of the total radioactivity in 
the excreta. Enrofloxacin and ciprofloxacin are the primary metabolites excreted by 
turkeys and represent 92% of the excreted radioactivity. The remaining residues each 
represent <lOoh of the administered dose. 
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Bayer Report No.: 106543-1 

Title:  Addendum 1: Total  Radioactive  Residue  Depletion  and  Metabolism of [4-l4c] 
Enrofloxacin  in  Broiler  Chickens: A Total  Residue Depletion Study  in Broiler 
Chickens  Following  Oral  Administration of [4-14C] Enrofloxacin 

Author:  C.  E.  Heird 

Reference:  Southwest  Bio-Labs,  Inc. 
SBL Study No. 9324c 

Summary :  Broiler  chickens (22 days  old at first  dose)  were  administered  ['4C]-enrofloxacin 
for 7 consecutive  days  by  oral  gavage. Each bird  was given a total daily dose of 
enrofloxacin  equivalent to the maximum recommended treatment rate (50 ppm 
drinking  water)  based  on  water  consumption of 200 mL per  day.  Each  bird was 
dosed  with  one-third  of  the  total  daily  dose  three  times  per  day.  The birds were 
sacrificed at 6, 10, 15, and 24 hours  after  the  final  dose was administered. 
Excreta,  liver,  muscle,  and  skin  with  adhering  fat  were collected for analysis. The 
depletion of the  total 14C residue from the tissues  was monitored by combustion 
and  radioassay  of an aliquot of each  tissue from each  bird.  Briefly, the highest 
residue  levels  were  in  the  liver at each  withdrawal  interval. At 6 hours, liver 
contained  approximately 4.9 ppm,  and this level  rapidly declined to 
approximately 0.09 ppm by 24 hours. Muscle  contained 0.9 ppm at 6 hours, and 
this level  rapidly  declined to approximately 0.01 ppm  by 24 hours. Skin with 
adhering  fat  contained 0.4 ppm at 6 hours,  and this rapidly  level  declined  to -- 
approximately 0.01 ppm by 24 hours. 
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Bayer Report No.: 106937 

Title: Analysis of [2,3-Piperazinyl ‘3Cz]/[4-14C]Enrofloxacin Residues in Chicken 
Excreta 

Authors: A. M. I&per, D. W. Irwin, and 8. A. Shadrick 

Reference: Bayer Research Park 
Bayer Study No. EN191402 

SUmmary: Excreta from male and female chickens previously treated with “C-enrofloxacin 
equivalent to the recommended treatment rate (50 ppm in the drinking water for 
7 days; Bayer Report No. 106543) were analyzed to determine the metabolites 
excreted from chickens. The excreta collected 24 hours after the treatment 
initiation and 15 hours after the cessation of treatment were analyzed. No 
substantial difference in the distribution of metabolites was noted for the excreta 
collected from the male and female birds nor for the excreta at either collection 
interval. Therefore, the average distribution of the metabolites was determined 
for the chickens. Of the radioactivity in the excreta, 87% was comprised of 
enrofloxacin, 1% was a mixture of hydroxylated enrofloxacin and a conjugate of 
emofloxacin, 2% was ciprofloxacin, 7% was bound residues, and five minor 
metabolites each represented cl% of the excreted radioactivity. The primary 
residues excreted by chickens are enrofloxacin and’ciprofloxacin; the remaining 
residues each represent <lOoh of the administered dose. 
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Bayer Report No.: 73955 

Title:  Dissociation  Constant  for  Enrofloxacin  (Bay  Vp  2674) 

Author:  T.  B.  Waggoner 

Reference:  M. C. Bowman and  Associates 
Mount  Ida, Arkansas 

Summary :  The  study was conducted  according to TAD Guideline  3.04. The dissociation 
constant (PI&) was determined  using  a titratiodpotentiostatic method whereby 
solutions of enrofloxacin  are  titrated with standardized acid and base solutions. 
The pK, values  were  determined  to  be  6.27  and  7.73. 
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Bayer Report No.: 106423 

Title: 

Authors: 

Reference: 

summary: 

Hydrolysis of 14C-Enrofloxacin in Buffered Aqueous Solutions 

R. Fernando, S. M. Schwietzer, R. A. Kok, and P. Y. Yen 

Battelle Columbus Operations, Columbus, Ohio 
Battelle Study No. SC930295 
(Bayer Study No. ENO72401) 

The stability of enrofloxacin in aqueous buffers was determined according to 
methods and procedures set forth by TAD 3.09. The stability was determined at 
pH 5,7, and 9 for 5 days at 50°C. The method of identification and quantification 
of 14C-enrofloxacin was by HPLC with a radiochemical flow detector. No 
hydrolysis of enrofloxacin occurred underthe test conditions. 
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Bayer Report No.: 106562 

Title:  Photodegradation of [4-'4C]Enrofloxacin in Sterile  Buffer 

Authors: A. M. Kasper, B. A. Shadrick,  and T. E. Dement 

Reference:  Bayer  Study No. EN082401 

Summary:  The  photodegradation  of  enrofloxacin was evaluated in sterile buffers at pH 5, 7, 
and 9 in accordance  with  the FDA TAD 3.10. An actinometer reference chemical 
was employed as an approximate  measure of sunlight intensity as specified in the 
TAD.  The  photolysis  experiments  were  conducted in sterile buffer solutions at an 
initial  concentration of 5 ppm  enrofloxacin.  The  first-order photodegradation rate 
constants  for  enrofloxacin  at pH 5 7 ,  and  9  were 0.0337,0.2029, and 0.0486 
days-',  respectively.  The  degradation  half-lives  for enrofloxacin were calculated 
to  be 20.6 min  at  pH 5,3.4 min at pH 7, and 14.3 min at pH  9. -Enrofloxacin 
rapidly  degraded  into  various  photoproducts  which in turn were further 
transformed.  Attempts to identify  the  transient  photoproducts  were unsuccesshl. 
After 4 1 hours of irradiation,  only  numerous  minor components remained; no 
individual  photoproduct  represented  more  than 10% of the  applied radioactivity. 

i 
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Bayer  Report No.: 73954 

Title:  Absorption  Spectra  for  Enrofloxacin  (Bay  Vp  2674) 

Author: T. B. Waggoner 

Reference:  M. C. Bowman  and  Associates 
Mount  Ida, Arkansas 

Summary:  The  study  was  conducted  according  to TAD Guideline  3.05. Absorption spectra 
for  enrofloxacin  were  determined  in  the  ultraviolet  (350 - 190 nm) and visible 
(800 - 350 nm) regions  of  the  electromagnetic  spectrum.  Analyses of triplicate 
solutions  of 10 pg enrofloxacidmlO.05 M phosphate  buffer at three pHs 
indicated  the  major  absorption  maximum at 271 nm, a  secondary doublet at 322 
and  344 nm, and  a  minor,  poorly  defined  maximum, at 225 nm. 

i 
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Bayer Report No.: 73742 

Title:  Soil  Adsorption  Constant  for  Enrofloxacin 

Authors: T. B. Waggoner 

Reference: M. C .  Bowman  and  Associates 
Mount  Ida,  Arkansas 

S u m m a r y :  A sorptioddesorption study  was  conducted  according  to TAD 3.08. Soil 
adsorption  constants  were  determined for three  different types of soil (silty clay 
loam,  silty  loam, silt loam) ranging in pH from 6.0 to  7.3  and organic matter 
content from 1.8 to 2.6 percent.  Greater than 99% adsorption of enrofloxacin was 
observed  for  all  three  soil  types.  The  adsorption constants (I&) determined ranged 
from 861  to 3,900. The K, values  ranged from 81,300 to 185,670. 

. .  
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Bayer Report No.: 106555 

Title: SorptiodDesorption of 14C-Enrofloxacin on Soils by the Batch Equilibrium 
Method 

Authors: T. R. Fernando, L. A. Burrows, D. S. First,  and P.  Y. Yen 

Reference: Battelle Columbus  Operations,  Columbus,  Ohio 
Battelle Study No. SC930281 
Bayer  Study No. EN182101 

Summary:  A sorptioddesorption study was conducted  according  to TAD 3.08. 
14 C-Enrofloxacin in 0.01  MCaC12 was applied to four soils (loam, silt loam, clay 
loam, and  sandy  loam)  in  order to determine  the  maximum sorption of 
enrofloxacin to the  soils,  the  minimum  amount of time required to reach 
maximum  sorption,  and  the  relative  desorption of enrofloxaciri from the soils. 
The 0.01  MCaC1, was used to approximate  the ionic conditions present in the 
natural  environment, and  the  CaC1,  did not inhibit the sorption of the enrofloxacin 
to the soils.  The  results of the  study  are  summarized  in the following table. 

Soil Type; Soil Series;  and Source 
Silt Loam; 

Morley; Tifton; Bearden;  Drummer; 
Loam; Sandy Loam; Clay  Loam; 

Parameters Allen Co., IN Meigs,  GA  Casselton, ND Champaign, IL 
PH 6.2 

2.0 2.2 3.0 3.3 Organic Matter (“A) 
1.1 1.3  1.7 1.9 Organic Carbon (%) 

5.5  5.5 7.7 

Cation Exchangk 
Capacity (meqll OOg) 24.5  29.6 4.5 8.0 
Sand/Silt/Clay (“A) 3  6/24/40 70/12/18 2713 1 142 2312615 1 

Adsorption (%) 99.9 99.8 99.7 99.9 
Desorption (%) 0.06 0.09  0.18 0.07 

Kd 3915 970 3466  5502 
k c  355941 74635 203906 289568 

Nearly  complete (> 99.5%)  sorption of enrofloxacin  to  the soils occurred within 
2 hours of exposing  the  soils  to  the  enrofloxacin solution. Desorption of the 

” bound  enrofloxacin from the soils was slow (< 0.26%)  under the conditions 
specified by  the FDA (5  ml of 0.01  MCaCl,/g  soil). Enrofloxacin is tightly 
bound to soils. 
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Bayer Report No.: 106557 

Title: SorptiorJDesorption of 14C-Enrofloxacin in Cattle Manure and Poultry 
Excreta and t4C-Ciprofloxacin in Cattle Manure 

Authors: M. D. Williams, L. G. Heim, and P. Y. Yen 

Reference: ABC Laboratories, Columbia, Missouri 
ABC Study No. 41452 
Bayer Study No. EC1 82401 

summary: The study was conducted following methods and procedures set forth in TAD 
3.08, except that manure was substituted for soil. t4C-Enrofloxacin solution was 
applied to cattle manure, chicken excreta, and turkey excreta in order to determine 
the maximum sorption of enrofloxacin to the manure/excreta, the minimum 
amount of time required to reach maximum sorption, and the relative desorption 
of enrofloxacin from the manure/excreta. 

I Kx 976 395 198 I 

The sorption of enrofloxacin was up to 85% to cattle manure, 63% to chicken 
excreta, and 41% to turkey excreta. The percent desorption of the adsorbed 
enrofloxacin was up to 30% from cattle manure, 54% from chicken excreta, and 
72% from turkey excreta. Maximum sorption occurred within approximately 
2 hours. 

Similarly, “C-ciprofloxacin was applied to cattle manure. The sorption of 
ciprofloxacin was up to 84% to the manure. The percent desorption of the 
adsorbed ciprofloxacin was up to 24% from the manure. Maximum sorption 
occurred within approximately 2 hours. The sorption/desorption of ciprofloxacin 

i to poultry excreta is expected to be similar to that of enrofloxacin. 
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Bayer Report No.: 106560 

Title: Aerobic Biodegradation of [4-‘4C]Enrofloxacin in Soil and Feces 

Authors: A. M. Kasper, B. A. Shadrick, and V. A. Marlow 

Reference: Bayer Study No. EN042 10 1 

summary: The aerobic biodegradation of [4-14C]enrofloxacin in 3 soils, in feces of cattle not 
previously treated with enrofloxacin, and in feces of cattle previously 
administered a series of subcutaneous injections of [14C]enrofloxacin was 
investigated in accordance with TAD 3.12. The test systems were maintained for 
64 days, and over the course of the 64 days only trace amounts of 14C02 were 
measured indicating that enrofloxacin mineralized very slowly. At the end of the 
64-day study, 13 to 15% of the enrofloxacin in the 3 soil test systems had 
degraded to a combination of desethylene ciprofloxacin, ciprofloxacin, and 
hydroxylated enrofloxacin. At the end of the 64-day study, the degradation of 
enrofloxacin added to the feces from untreated cattle was similar to that 
determined for the 3 soil systems. At the end of the 64-day study, the amount of 
enrofloxacin in the feces from cattle treated with “C-enrofloxacin had decreased 
from 78% (at the start of the study) to 54%. The half-life of enrofloxacin in the 
3 soils ranged from 359 to 696 days. The half-life of enrofloxacin in the feces 
from cattle not previously treated with enrofloxacin was 468 days, and the half- 
life of enrofloxacin in the feces of cattle previously treated with t4C-enrofloxacin 
was 142 days. 
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Bayer Report No.: 106772 

Title: Biodegradation of “C-Enrofloxacin and “C-Ciprofloxacin by Aspergillus 
clavatus, Cunninghamella elegans, Trichoderma hamatum, and 
Phanerochaete chrysosporium 

Authors: 2. Yan, D. Harris, and I. Kelley 

Reference: ABC Laboratories, Columbia, MO 
ABC Study No. 41591 
Bayer Study No. EC041401 

summary: This study was conducted in support of biodegradation studies in manure and soil 
(TAD 3.12). “C-Enrofloxacin and “C-Ciprofloxacin solutions were applied to 
cultures of four fungi, Aspergillus clavatus, Cunninghamella elegans, 
Trichoderma hamatum, and Phanerochaete chrysosporium, in order to determine 
their potential to biotransform and mineralize the test compounds. During the 
3 5-day test period, 100% biotransformation of enrofloxacin to five degradates 
occurred in the Phanerochaete culture, 22% in the Cunninghamella culture, 19% 
in the Aspergillus culture, and 15% in the Trichoderma culture. Ciprofloxacin 
degradation was slower than that of enrofloxacin, and 36% biotransformation of 
ciprofloxacin to four degradates occurred in the Phanerochaete culture, 23% in 
the Cunninghamella culture, 40% in the Aspergillus culture, and 25% in the 
Trichoderma culture. Approximately 2% of the 14C-enrofloxacin was recovered 
from the Phanerochaete culture as 14COZ, 0.02% from the Cunninghamella and 
Trichoderma cultures, and 0% from the Aspergillus culture. Less than 2% of the 
*4C-ciprofloxacin was recovered from the Phanerochaete culture as 14C0, and 
approximately 0.1% from the Cunninghamella, Trichoderma, and Aspergillus 
cultures. 
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Bayer Report No.: 106436 

Title:  Physical  Chemical  Properties of Ciprofloxacin 

Authors: J. Blasberg, P. Y. Yen,  and V. A. Marlow 

Reference:  ABC  Laboratories,  Inc. 
ABC Labs  Study  No.  41483 
Bayer  Study  No.  CN201301 

S u m m a r y :  The studieswere conducted  according to TAD  3.01  (Water Solubility), TAD 3.02 
(n-OctanolNater Partition  Coefficient), TAD 3.03 (Vapor Pressure), TAD 3.04 
(Dissociation  Constant),  and TAD 3.05  (UV-Visible Absorption  Spectrum). 

The aqueous  solubility of ciprofloxacin  was  determined to be 292 ppm  at  pH 5, 
. . 59.1  ppm  at  pH  7,  and 200 ppm  at pH  9. The  n-octanoYwater partition coefficient 

of ciprofloxacin  was  determined  using  3  buffered  aqueous  systems:  pH  5 kw = 
0.0852,  pH 7 = 0.165, and  pH  9 GW = 0.0360. The vapor pressure of 
ciprofloxacin  is < 1 0-7 mm Hg  (torr).  The  dissociation  constants of ciprofloxacin 
are pK, = 5.71  and pKb = 9.59.  The W-visible absorption spectrum was obtained 
for ciprofloxacin,  and  absorption  maxima  were  observed at 3 15 and 328 nm in 
pH 5  buffer,  322  and  333 nm in pH 7  buffer,  and  321  and  334 nm in pH 9 buffer. 
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Bayer Report No.: 106430 

Title: Hydrolysis of r4C-Ciprofloxacin in Buffered Aqueous Solutions 

Authors: T. R. Fernando, S. M. Schwietzer, R. A. Kok, and P. Y. Yen 

Reference: Battelle Columbus Operations, Columbus, Ohio 
Battelle Study No. SC930297 
Bayer Study No. CNO2740 1 

surntnary: The stability of ciprofloxacin in aqueous buffers was determined according to 
methods and procedures set forth by TAD 3.09. The stability was determined at 
pH 5,7, and 9 for 5 days at 50°C. The method of identification and quantification 
of “C-ciprofloxacin was by HPLC with a radiochemical flow detector. No 
hydrolysis of ciprofloxacin occurred under the test conditions. 
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Bayer Report No.: 106563 

Title: Photodegradation of [4-14C]Ciprofloxacin  in  Sterile  Buffer 

Authors: A. M. Kasper, B. A. Shadrick,  and T. E. Dement 

Reference:  Bayer  Study No. CN08240 1 

Summary: The photodegradation of ciprofloxacin was evaluated in sterile buffer at  pH 5,  7, 
and 9 in accordance with the FDA TAD 3.10. An actinometer reference chemical 
was  employed as an approximate  measure of sunlight intensity as specified in the 
TAD. The photolysis  experiments  were  conducted in sterile buffer solutions at an 
initial concentration of 5 ppm ciprofloxacin.  The first-order photodegradation 
rate constants  for  ciprofloxacin at pH 5, 7, and 9 were 0.0149,0.769, and 
0.0300 days-',  respectively. The degradation  half-lives  for ciprofloxacin were 
calculated  to be  46.4  min at pH 5,g.O min at pH 7, and 23.1 minat pH 9. 
Ciprofloxacin  rapidly  degraded  into  various  photoproducts which in turn were 
M e r  transformed.  Attempts to identify the transient photoproducts were 
unsuccessful.  After  41  hours of irradiation  only  numerous minor components 
remained; no individual  photoproducts  represented  more than 10% of  the  applied 
radioactivity. 
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Bayer Report No.: 106556 

Title: SorptiodDesorption of 14C-Ciprofloxacin on Soils by the Batch Equilibrium 
Method 

Authors:  T.  R.  Fernando, L. A. Burrows, D. S. First, and P. Y. Yen 

Reference:  Battelle  Columbus  Operations, Columbus, Ohio 
Battelle  Study No. SC930282 
Bayer  Study No. CN182101 

Summary: The study was conducting  according to TAD 3.08. C-Ciprofloxacin in 14 

0.01  MCaC1, was applied  to four soils (loam, silt loam, clay loam, and sandy 
loam)  in  order  to  determine the maximum sorption of ciprofloxacin to the  soils, 
the minimum amount of time required to reach maximum sorption, and the 
relative  desorption of enrofloxacin fiom the soils. The 0.0 1 M CaCI2 was used to 
approximate  the ionic conditions present in the natural environment, and the 
CaC12 did  not  inhibit the sorption of the ciprofloxacin to the soils. The results of 
the study  are  presented  in the following table. 

Soil Type; Soil Series; and Source 
Soil Type 

Morley; Tifton; Bearden;  Drummer; Soil Series and 
Loam; Sandy Loam; Clay Loam; Silt Loam; 

Source Allen Co., IN Meigs, GA Casselton, ND Champaign, IL 
pH 5.. 5 5.5 7.7 6.2 

Organic Carbon (%) 

36/24/40 70/12/18 2713 1 142  2315 1/26 SandISiltlClay (%) 
8.0 4.5 29.6 24.5 Capacity (meqll OOg) 

Cation Exchange 
2.0 2.2 3.0  3.3 Organic Matter (‘A) 
1,l ~ 1.3 1.7 1.9 

Adsorption (%) 99.5 99.3 99.4 98.7 
Desorption (%) 0.27 

1479 544 60 1 918 Kd 
0.62 0.33 0.36 

. 

IC,,- 134465 41841 35342  48341 

Nearly  complete (> 99.1%) sorption of ciprofloxacin to the soils occurred within 2 
hours of exposing the soils to the ciprofloxacin solution. Desorption of the bound 
ciprofloxacin  from  the soils was slow (< 0.69%) under the conditions specified by 
the FDA guideline (5  ml of 0.01 MCaCl,/g soil). Ciprofloxacin is tightly bound 

’ to soils. 
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Bayer Report No.: 106561 

Title:  Aerobic  Biodegradation of [4-’4C]Ciprofloxacin  in Soil 

Authors: A. M. Kasper,  B.  A.  Shadrick,  and V. A. Marlow 

Reference:  Bayer  Study No. CN042 10 1 

Summary: The aerobic  biodegradation of [4-14C]ciprofloxacin in 3  soils was investigated 
following TAD Guideline  3.12. The test systems were  maintained for 65 days, 
and  over  the  course of the 65 days  only trace amounts of I4CO2 were measured 
indicating  that  ciprofloxacin  mineralized  very  slowly. At the end of the 65-day 
study,  the  extracted  residues  accounted  for 82 to 97% of the applied radioactivity 
and  were  comprised of ciprofloxacin (75 to  93% of the extracted residues) and 
3 components  (each less than 5% of the extracted  residues). 

. .  
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Bayer Report No.: 73694 

Title: Biological  Effects of  Enrofloxacin  on Rainbow Trout, Bluegill Sunfish and 
Daphnia 

Author:  T.  B.  Waggoner 

Reference: ABC Laboratories 
Columbia, MO 

Summary :  Three  acute  toxicity  tests  were  conducted to assess the toxicity of enrofloxacin to 
trout,  bluegill  and Daphnia magna. The fish studies were conducted under flow- 
through  conditions  for  a  96-hour  period. The Daphnia study was conducted under 
flow-through  conditions  for  a 48-hour period.  Fish were exposed to nominal 
concentrations of 0.62, 1.2,2.5,5.0, and 10 mg enrofloxacifi. No mortality or 
sublethal  effects  were  observed in any test level  for either bluegill or rainbow 
trout after  96-hours  of  exposure. No LCso could  be determined for either species. 
The NOEC for  bluegill  and  trout  was 3 10 mgL. 

Daphnia were  exposed  to nominal concentrations of 0.72, 1.2,2.5,4.3, and 10 mg 
enrofloxacin/L,. No mortality or sublethal  effects  were observed in any test level 
after 48-hours of exposure. No ECS0 could  be  determined. The  NOEC was 
2 10 mgL. 
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Bayer Report No.: 74507 

Title: Acute Toxicity of Enrofloxacin to the Bluegill (Lepomis macrochirus) Under 
Static Renewal  Conditions 

Author: L. M. Bowers 

Reference: Bayer Research  Park 
Stilwell, Kansas 
Study No. EN810301 

Summary :  A 96-hour  acute fish toxicity test was conducted according to TAD Guideline 
4.1 1. An initial range-finding  test  was conducted as a limit test using one 
concentration (200 mg/L  nominal)  to see if  any  mortality would occur at the limit 
of solubility. Since mortality  was  observed  in this test, a second range-finding 
test was conducted as per  the  TAD  using  a  range of concentrations (100, 10, 
1 mgL) to  determine the test  levels  for the definitive study. The results from both 
range-find tests, as presented in the  report,  were  combined. The results of  the 
second range-finding test were  used  to establish the concentrations for  the 
definitive test.  Bluegill  were  exposed for 96 hours  under static renewal conditions 
to mean  measured  concentrations of 18.6 - 198  mg enrofloxacin/l of water (ppm). 
The test solutions were  renewed  after the initial 48  hours of exposure had  elapsed 
(Day 2). Test solutions  were  analyzed for actual concentration of test compound 
on Day 0 in the freshly made test solutions, on Day 2 in the freshly made  test 
solutions and on Day  4  in  the old test solutions. The comparison of  the Day 2 and 
Day 4 results demonstrated  that  after  48  hours in the test system, the  test . .. 

compound  was  stable.  These  solutions did not show significant degradation  and 
had  recoveries  ranging  from  8 1 to 103 percent  of  nominal. 

In addition, the  stability  information  is supported by a stability check performed 
during method  validation  for  enrofloxacin. The stability check showed that  after 
96 hours (without renewal),  there was still 88  percent enrofloxacin parent  still 
present in the test system: 

Singly, or combined,  these  data  demonstrated  that enrofloxacin was stable  in  the 
test solutions over  the  course of the study. 

The 96-hour LC,,  was  216  ppm  (the concentration lethal  to 50% of the  bluegill), 
the low effect concentration  was 33.5 ppm, and the no effect concentration was 
18.6 ppm. 
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Bayer Report No.: 74501 

Title:  Acute  Toxicity  of  Enrofloxacin  to the Rainbow Trout (Oncorhynchus mykiss) 
Under  Static  Renewal Conditions 

Author: L. M. Bowers 

Reference:  Bayer  Research  Park 
Stilwell, Kansas 
Study  No. EN8  1220 I 

Summary :  A  96-hour  acute  fish  toxicity test was  conducted according to  TAD Guideline 
4.1 1. An initial  range-finding test was  conducted as a limit test using one 
concentration  (200 mgL nominal)  to see if any mortality would occur at  the limit 
of solubility.  Since  mortality was observed in this test, a second range-finding 
test was  conducted as per the TAD  using a range of concentrations (100, 10, 
1 mgk) to  determine the test levels for the definitive study. The results from both 
range-find  tests,  as  presented in the report,  were  combined. The results of the 
second  range-finding test were  used  to establish the concentrations for the 
definitive  test.  Rainbow  trout  were exposed for 96 hours under static renewal 
conditions to  mean  measured concentrations of 18.5 to 196 mg enrofloxacid of 
water  (ppm).  The  test solutions were renewed after the initial 48 hours of 
exposure  had  elapsed  (Day 2). Analysis of the 48-hour old test solutions 
demonstrated no significant degradation (92 to  100 percent recovery). The  test 
solutions at test  termination (also 48 hours old) were also analyzed. These 
solutions did  not  show significant degradation and had  recoveries ranging from -. 
100  to  106  percent. 

In addition, the  stability  information  is  supported  by  a stability check performed 
during method validation  for  enrofloxacin. The stability check  showed that after 
96 hours  (without  renewal), there was still 88 percent enrofloxacin parent still 
present  in  the  test  system.  Photodegradation  did  not occur to  any significant 
effect during  the  toxicity  test as demonstrated by the analytical values. The  lack 
of photodegradation in the study was probably due to the fact that the light energy 
was  two  orders  of  magnitude  lower  than used for the photolysis study and was of 
a  different  quality. 

The 96-hour LC,, was >196  ppm,  the low effect concentration was 61.9 ppm, and 
the no effect  concentration  was 33.5 ppm. 

I 
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Bayer  Report No.: 106595 

Title:  Acute  Toxicity of Enrofloxacin to Daphnia magna 

Authors: S. L. Hicks, M. Muckerman, H. Murre11 

Reference:  ABC  Laboratories,  Columbia,  MO 
ABC  Study No. 41281 

S u m m a r y :  A static acute  toxicity test was  conducted  according to TAD Guideline 4.08. 
Daphnia magna were  exposed for 48 hours to mean  measured concentrations of . 

enrofloxacin  ranging fiom 5.60 to 96.8 ppm.  Test solutions were analyzed at 
0 hours, 24 hours  and 48 hours  during  the  study. The test compound was stable 
during  the  conduct of the study and the analytical results showed that the 
measured  concentrations  ranged fiom 87 to 97% of nominal at 0 hours, 86 to 97% 
of nominal at 24 hours,  and 86 to 97% of nominal at 48 horn:  The  &hour EC,, 
(the concentration of enrofloxacin  which has an effect on 50% of the daphnids) 
was 79.9 ppm, and  the NOEC (no  observed  effect concentration) was 23.0 ppm. 
Observed  effects  included staying on the  bottom of  the test flask, erratic 
movement,  and  trailing  extraneous  material. 
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Bayer  Report No.: 106790 

Title:  Chronic  Toxicity  of  Enrofloxacin to Daphnia magna 

Authors: S. L.  Hicks, J. Veltri,  and  A.  D.  Forbis 

Reference:  Analytical  Bio-Chemistry  Labs,  Inc. 
ABC Study No. 41300 

Summary: A chronic  toxicity  test  was  conducted  according  to  TAD  Guideline  4.09. 
Daphnia magna were  exposed  under  static  renewal  conditions to  mean measured 
concentrations  of  enrofloxacin  ranging  from 0.6 1 to 20 ppm for 2 1 days. Freshly 
prepared  test  solutions  were  analyzed  on  Days 0,4, 1  1  and  18, and old test 
solutions  were  analyzed  on  Days 7,14 and 2 1. The  comparison of the  data 
between  Day  4  and  Day  7,  Day 1 1 and  Day  14,  and  Day 18 and Day 2 1 
demonstrated  that  the  test  compound  was  stable in the test system during the 
study.  The  solutions  did  not  show  significant  degradation  and  had recoveries 
ranging  from 77 to 101  percent  of  nominal.  The  21-day No Observed Effect 
Concentration  (NOEC) was determined  to  be  9.8  ppm,  and the Lowest Observed 
Effect  Concentration  (LOEC)  was  determined  to  be 20 ppm. The  Maximum 
Acceptable  Toxicant  Concentration  (MATC)  was  determined  to be 14 ppm. 
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Bayer Report No.: 106788 

Title:  Acute  Toxicity of Enrofloxacin  to HyaZeZZa azteca Under Static Conditions 

Authors: L. M.  Bowers 

Reference:  Bayer  Research  Park 
Stilwell, Kansas 
Miles Study  No.  CN82  140  1 

S u m m a r y :  An acute  toxicity  test  was  conducted  according  to  TAD Guideline 4.10. HyaZeZZa 
azteca were  exposed  for 96 hours under static renewal conditions to  mean 
measured  concentrations of enrofloxacin  ranging  from 12.5 to 206 mg /L, (pprn). 
The test  solutions  were renewed  after  the  initial 48 hour exposure period. Test 
solutions  were  analyzed  for  actual  concentration of test compound on Day 0 in the 
freshly  prepared  test  solutions,  on  Day 2 in the  freshly  prepared test solutions and 
on Day 4 in  the  old  test  solutions.  The  comparison of the Day 2 and Day 4 results 
demonstrated,  after  48 hours in  the  test  system,  the test compound was stable 
during  the  study.  These  solutions  did  not show significant degradation and had 
recoveries  ranging from 101  to  107  percent  of  nominal. The 96-hour LC,, (the 
concentration of  enrofloxacin  lethal  to 50% of the HyaZeZZa) was greater than 206 
ppm  (the  maximum  solubility  of  enrofloxacin  in  the test system). 
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Bayer Report No.: 106657 

Title:  Effect of Enrofloxacin  Technical on Growth of the Green Alga (Selenastrum 
capricornutum) 

Authors: G. G.  Gagliano  and L. M. Bowers 

Reference:  Bayer  Research  Park 
Bayer  Study  Number  EN881601 

Summary:  An algae  growth  study  was  conducted  according  to TAD Guideline 4.01. Green 
algae (Selenustrum cupricornutum) were exposed to initial concentrations of 
enrofloxacin  ranging  from  0.016  to  1.04  ppm  for  14  days. The test compound 
appeared  to  degrade  (probably  due to photolysis)  during the course of the study. 

The photolysis  study  for  enrofloxacin (Bayer Report No. 106562 submitted 
August 30, 1995  under INAD 4586)  demonstrated that the half-life of the 
compound  under the conditions of the  photolysis  study (significantly more intense 
irradiation) is a  matter of minutes.  Adsorption  of the compound to cell walls is 
possible,  but this would  be  a  worst case exposure situation since the compound is 
in direct contact  with the algae  cells.  With  enrofloxacin, photolysis and 
adsorption  are  artifacts of the standard  experimental  design for algae growth tests 
under TAD 4.01 

The Day 0 concentrations  were  used  for  calculating the no observed effect levels 
and MICs. The data  show  that  inhibition in the two highest test levels for 
enrofloxacin (0.50 and  0.99  ppm)  occurred  early  in the study, and that the algae in 
these test  levels  showed  significant  recovery by the  end of the study. The 
recovery  most  likely  correlated with the degradation  of the test compounds, and 
the inhibition  coincided  with  the  concentrations  of  test  compound near  or  at  the 
Day 0 measured  concentrations. 

Based  on  the  initial  measured  concentrations, the No  Observed Effect 
Concentration (NOEC) was  0.25  ppm for maximum  standing crop (a 
measurement of the  biomass of the  culture),  and  the  minimum inhibitory 
concentration  was 0.50 ppm.  Based on initial  measured concentrations, the 
NOEC  for the maximum  growth  rate  was 0.13 ppm, and the minimum inhibitory 
concentration  was 0.25 ppm. 
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Bayer Report No.: 106940 

Title: Growth Rate Effect of “C-Enrofloxacin to Microcystis aeruginosa 

Authors: D. W. Gledhill, A. D. Forbis, and T. Leak 

Reference: ABC Laboratories, Columbia, MO 
ABC Study No. 41576 

summary: An algae growth study was conducted according to TAD Guideline 4.01. 
Microcystis aeruginosa were exposed to initial concentrations of enrofloxacin 
ranging from 0.143 to 4.50 ppm for 18 days. 

The photolysis study for enrofloxacin (Bayer Report No. 106562 submitted 
August 30, 1995 under INAD 4586) demonstrated that the half-life of the 
compound under the conditions of the photolysis study (significantly more intense 
irradiation) is a matter of minutes. Adsorption of the compound to cell walls is 
possible, but this would be a worst case exposure situation since the compound is 
in direct contact with the algae cells. With enrofloxacin, photolysis and 
adsorption are artifacts of the standard experimental design for algae growth tests 
under TAD 4.01 

Based on the initial concentrations, the no-observed effect level was 0.143 ppm 
for the maximum standing crop (a measurement of the biomass of the culture), 
and the minimum inhibitory concentration was 0.283 ppm. For significant effects 
on the maximum growth rate, the no-observed effect level was 2.22 ppm, and the 
minimum inhibitory concentration was 4.50 ppm. 
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Bayer Report No.: 106791 

Title: Acute Toxicity  of  Ciprofloxacin to the Bluegill (Lepomis  macrochirus) Under 
Static Renewal  Conditions 

Authors:  L. M. Bowers 

Reference:  Bayer  Research  Park 
Stilwell, Kansas 
Bayer  Study  No.  CN8  10302 

S u m m a r y :  A fish acute  toxicity test was  conducted  according to TAD Guideline 4.1 1. A 
range-finding  test  was  conducted at the limit of solubility (1 0 mg/L nominal) to 
determine if  toxicity  occurred at this concentration. Since none of the fish in the 
range-finding  test  died or showed  sublethal  toxic effects, Bayer chose to conduct 
the definitive study as a limit test. The initial definitive test WaS conducted as a 
limit test using  one test concentration (1 0 mg/L nominal). There were 3 deaths 
(1 5% mortality) at the  end  of the 96-hour  period  observed in  the limit test. 
However, this mortality  was not statistically different  from the control group 
mortality (0% mortality). The mortality of the  bluegill  in the definitive limit test 
(measured  concentration = 10.6 mgL) was deemed a possible concern. In order 
to be  conservative,  Bayer chose to  conduct  a  second  definitive test using five test 
concentrations in order  to  ensure  accurate  characterization of the toxicity of 
ciprofloxacin  to  bluegill. There were  no  mortalities  observed in the second 
definitive test. 

A possible explanation  in the difference  between the first and second studies was 
that each test  used a different lot of bluegill  obtained  from different suppliers. 
Nevertheless,  statistically,  there  is no difference  between  the results of the range- 
find  and  two  definitive  test  results.  Therefore,  the toxicity was adequately 
characterized. 

Bluegill were  exposed  for 96 hours  to  nominal concentrations of 1.19 to 9.85 pprn 
ciprofloxacin. The  96-hour  LCso  (the  concentration of ciprofloxacin lethal to 50% 
of the fish)  was  greater  than  9.85  ppm  (measured), the maximum solubility of 
ciprofloxacin  in  this  test  system. No abnormal  physical  or behavioral effects were 
observed on the  fish  at  or  below  the  9.85  ppm  test concentration. 

The occurrence of turbid  test  solutions at the highest concentration in the trout 
study, but  not  in  the  bluegill  study,  appears  to be a case of solubility differential at 
varying  temperatures.  The  trout  study was conducted at 12°C whereas the 
bluegill  study was  conducted at 22°C.  Solubility  generally increases as 
temperature  increases. 
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Bayer Report No.: 106775 

Title:  Acute  Toxicity of Ciprofloxacin to the Rainbow Trout (Oncorhynchus mykiss) 
Under  Static  Renewal  Conditions 

Authors: L. M. Bowers 

Reference:  Bayer  Research Park 
Stilwell, Kansas 
Bayer  Study No. CN812201 

Summary :  A fish acute  toxicity  test  was  conducted  according to TAD Guideline 4.1 1. 
Rainbow trout  were  exposed  for 96 hours to a nominal concentration of 10 ppm 
ciprofloxacin  (10 mg ciprofloxacifi dilution  water). No abnormal physical or 
behavioral  effects  were  observed on the fish. The 96-hour LCso (the 
concentration of  ciprofloxacin  lethal  to 50% of  the fish) was  @eater than 9.4 ppm 
(measured),  the  maximum  solubility of ciprofloxacin in this test system. 

The Technical  Assistance  Document  4.1  1  for  freshwater fish acute toxicity 
specifies  that a graph  of  the  concentration  versus  mortality line be included in the 
report.  Accordingly,  a  representative  graph  was  included as required. This dose- 
response  curve was  accurate  and was depicted by a line curve defined by the two 
points. 
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Bayer Report No.: 106596 

Title: Acute Toxicity of Ciprofloxacin  to Daphnia  magna 

Authors: S. L. Hicks  and M. Muckerman 

Reference:  ABC  Laboratories,  Columbia, MO 
ABC  Study No. 41282 

S u m m a r y :  An acute  toxicity  test was  conducted  according  to  TAD Guideline 4.08. Daphnia 
magna were  exposed  for  48  hours  to  a  mean  measured concentration of 9.90 ppm 
ciprofloxacin. The  48-hour ECSo (the concentration of enrofloxacin which has an 
effect on 50% of the  daphnids) was greater than 9.90 ppm (the maximum 
solubility of ciprofloxacin  in the test system). No effects on the daphnids were 
observed at the 9.90  ppm  test  level. 
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Bayer Report No.: 106783 

Title:  Acute  Toxicity of Ciprofloxacin to HyaZeZZa azteca Under Static Conditions 

Authors: L. M. Bowers 

Reference:  Bayer  Research  Park 
Stilwell,  Kansas 
Bayer  Study  No. CN821401 

S u m m a r y :  An acute  toxicity test was conducting  according to TAD Guideline  4.10. HyaZeZZu 
azteca were  exposed for 96 hours to mean  measured  concentrations of 
ciprofloxacin  ranging  from 1.25 to 10.2 mg /L (ppm).  The  96-hour LCso (the 
concentration of ciprofloxacin  lethal to  50% of the Hyalella) was greater than 
10.2 ppm  (the  maximum  solubility of ciprofloxacin in the test system). 

. .  
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Bayer Report No.: 106633 

Title:  Effect of Ciprofloxacin  Technical on Growth of the  Green  Alga (Selenas@um 
capricornutum) 

Authors: G.  G. Gagliano  and L. M. Bowers 

Reference:  Bayer  Research Park 
Bayer  Study  Number  CN881402 

Summary :  An algae  growth  study  was  conducted  according to TAD Guideline 4.0 1. Green 
algae (Selenastrurn capricornutum) were  exposed for 14 days to measured initial 
concentrations  of  ciprofloxacin  ranging from 0.81 to 12.8  mg ciprofloxacidL  of 
test water  (ppm).  The test compound  appeared  to  degrade (probably due to 
photolysis)  during  the  course of the  study,  and  all endpoints were based on initial 
concentrations  of  ciprofloxacin. . . .  

The  photolysis  study  for  ciprofloxacin  (Bayer  Report No. 106563 submitted 
August 30, 1995  under INAD 4586)  demonstrated that the half-life of the 
compound  under  the  conditions  of  the  photolysis studies (significantly more 
intense  irradiation)  is  a  matter of minutes.  With  ciprofloxacin, photolysis and 
adsorption  are  artifacts of the  standard  experimental design for algae growth tests 
under TAD 4.01. 

The  Day 0 concentrations  were  used  for  calculating the no  observed effect levels 
and  MICs.  The  data show that  inhibition in the  highest  level for ciprofloxacin 
(12.8 ppm)  occurred  early  in  the  study,  and  that  the algae in these test levels 
showed  significant  recovery by the end  of the study. The recovery  most likely 
correlated  with  the  degradation  of  the test compounds,  and  the inhibition 
coincided  with  the  concentrations of test  compound  near or at the Day 0 measured 
concentrations. 

The No Observed  Effect  Concentration  (NOEC)  for the maximum standing crop 
was >12.8 ppm  (the  maximum  solubility of ciprofloxacin  in this test system). For 
the  maximum  growth  rate,  the  NOEC  was 6.43 ppm,  and  the Minimum Inhibitory 
Concentration (MIC) was 12.8 ppm. 
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Bayer Report No.: 106627 

Title:  Growth  Rate  Effect  of  14C-Ciprofloxacin to Microcystis aeruginosa 

Authors: D. W. Gledhill, A. D. Forbis,  and T. Leak 

Reference: ABC Laboratories,  Columbia, MO 
ABC  Study No. 41577 

S u m m a r y :  An algae  growth  study  was  conducted  according  to  TAD  Guideline  4.0  1. 
Microcystis aeruginosa were  exposed to initial  concentrations  of ciprofloxacin 
ranging  from  0.0691 to 4.24  ppm for 14  days. 

The  photolysis  study  for  ciprofloxacin  (Bayer  Report No. 106563 submitted 
August 30,1995 under WAD 4586)  demonstrated that the half-life of the 
compound  under  the  conditions  of  the  photolysis  studies (significantly more 
intense  irradiation)  is  a  matter  of  minutes.  With ciprofloxacin, photolysis and 
adsorption  are  artifacts  of  the  standard  experimental  design for algae growth tests 
under  TAD  4.01. 

Based  on  the  initial  measured  concentrations,  the  no-observed effect level was 
0.0691  ppm  for  the  maximum  standing crop (a measurement  of the biomass of the 
culture),  and  the  minimum  inhibitory  concentration  was  0.13 7 ppm. For 
significant  effects  on  the  maximum  growth  rate, the no-observed effect level was 
0.0691  ppm,  and  the  minimum  inhibitory  concentration was 0.137  ppm. 
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Bayer Report No.: 73606 

Title:  Acute  Dermal  Toxicity  of  Bay Vp 2674 in Albino Rabbits 

Authors: D. Eigenberg 

Reference:  Bayer  Research  Park 
Stilwell, Kansas 

Summary: The acute  dermal  toxicity  of  Bay  Vp  2674  was  tested in young adult 
New  Zealand 

White  rabbits.  Groups of five  males  and five females  weighing 2.81 to 3.67 kg 
had 2000 mgkg of  Bay  Vp  2674  applied to a  shaved area of the back. The 
dosing  area  was  covered with an occlusive  patch  for 24 hours, after which the 
patch  was  removed  and  the  animals  were  observed for 14 days for mortality and 
clinical  signs.  Body  weights  were  recorded on the day of treatment and on days 7 
and  14  after  treatment.  At  the  end  of  the  study,  the animals were sacrificed, and  a 
gross  necropsy was performed. No clinical  signs or deaths were observed during 
the study,  and no treatment-related gross lesions  were  observed at gross necropsy. 
Body  weights  increased  during  the  study in all  animals  with mean body weight 
gains  for  males and  females on day 14  of  0.20  kg  and 0.29 kg, respectively. The 
amount  of  test  material  applied  per unit area of skin  ranged from 23 to 
3 1 mg/cm2.  The  dermal  LDso  and  the  no-observable-effect  level were 
> 2,000 mgkg for  males  and  females. 
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Bayer Report No.: 73466 

Title:  Acute  Inhalation  Toxicity Study with Bay Vp 2674 in Sprague-Dawley Rats 

Author: R. Shiotsuka 

Reference:  Bayer  Research  Park 
Stilwell,  Kansas 

Summary: The  acute  inhalation  toxicity of Bay Vp 2674,  tested as a dust, was evaluated in 
Sprague-Dawley  rats. A group of ten  male and ten  female rats was exposed for 
four  hours,  by  head  only, to Bay  Vp  2674 at a  gravimetric concentration of 
3547 mg/m3 (8 127  mg/m3  nominal). This concentration was  the highest 
attainable by the  generation  and  exposure  system  used. A comparable group of 
rats  was  sham-exposed  (conditioned air) to serve as controls. The deaths of 
two males  and  one  female  were  attributed to the test substance..  The 
compound-related  clinical  signs  of  toxicity  included  rales (4/17), gasping (1/17), 
and  decreased  activity  (1/17).  There  were  no  toxicologically significant effects on 
weight  gain.  The  compound-related  gross  lesions  (only  observed in rats found 
dead)  included:  red  turbinates;  red  lungs;  and  nasal,  ocular,  and  ventral neck 
stains.  There  were no  sex-related  differences  in  toxicity. The LCso for male and 
female  rats  was  greater  than  a  gravimetric  concentration  of 3547 mg Bay 
Vp 2674/m3.  The NOEL was  less  than  a  gravimetric  concentration of 3547 mg 
Bay Vp 2674/m3. 
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Bayer Report No.: 73075 

Title:  Acute  Oral  Single  Dose  Studies in Rats,  Mice, Rabbits and Dogs 

Author:  M.  Schmidt 

Reference:  Bayer  Institute  for  Toxicology 
Wuppertal,  Germany 

Summary:  The test  substance  (enrofloxacin  technical)  was  administered as an oral 
suspension to Rats  (Wistar),  Mice (BOR:CFWl), Rabbits (Chinchilla), and Dogs 
(Beagle). The number  of  animals  per  sex  per  treatment  group were: rats - 5, mice 
- 5,  rabbits - 2,  dogs - 2. The  drug  levels  tested  and duration of dosing were: rats - 
630, 1000, and  5000 mgkg (single  day);  mice - 1000,2000,4000, and 
5000 mgkg (single  day);  rabbits - 320, 500, 800, 1200,  and 2000 mgkg (single 
day);  dogs - 1000 and  5000 mgkg (single  day). Observations were made for 
14  days.  Symptoms  observed  were  such as reduced  mobility, trembling, tonic 
convulsions,  labored  breathing,  and  staggering  gait. Signs appeared as early as 
15  minutes  after  exposure  with  some  persisting  for 10 days. Pulmonary 
congestion  and  hemorrhage  were noted during  gross  necropsy. Oral LDSo’s; male 
and  female  rats > 5000  mg/kg;  male  mice > 5000 mgkg and female mice = 
4336 mgkg; male  and  female  rabbits M 500  to 800 mgkg. Endpoints for male 
and  female  dogs  were  not  established  due to vomition. 
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Bayer Report No.: 73775 

Title:  Subchronic  Oral  Toxicity in Dogs 

Author:  M.  C.  Porter 

Reference: Miles Laboratories 
Elkhart,  Indiana 

Summary :  Beagles (4 animals  per sex per  treatment group) were administered enrofloxacin 
technical  drug  substance  incorporated  into  feed  for 91 days. The  drug  levels 
tested were 0, 100,320, and 2,500 ppm. No deaths  occurred, but abnormal gait 
and/or  posture  was  observed  in the high-dose  animals  by the second week of the 
study.  Daily  observations  were  conducted.  Radiographic examination revealed 
that neither bone growth nor  density  were  significantly  affected. Physical 
examinations  including  direct  ophthalmoscopy  were  conducted pretreatment and 
at termination  with the only  finding  described in the clinical signs section. Body 
weights  and  body  weight  gains  were  not  significantly  different for treated and 
control animals  which  were  recorded at weekly  intervals. Hematology samples 
were  collected  at 2 and 6 weeks as well as at termination  with no abnormal 
findings. Clinical  chemistries  were  evaluated at 2 and 6 weeks, and  at  termination 
and again  with no abnormalities.  Urine  was  collected after weeks 2 and 6,  and at 
termination  with  crystal  formation in the  urine  of  dogs receiving the high-dose 
treatment.  Absolute  and  relative  organ  weights  for treated animals did not  differ 
significantly  from  those of controls,  but  testicular weights were higher for  the 
treated  animals.  Superficial  erosions  of  articular cartilage surfaces were seen in 
all high-dose  dogs  and  one  mid-dose  male  with no joint lesions in  the  remaining 
mid-dose or low-dose  animals.  Microscopically,  the joint lesions were 
characterized by splitting of the  articular  cartilage surface and disorganization of 
chondrocytes.  Necrosis  and  disintegration of hyaline cartilage was seen in some 
cases. A marked  variation  occurred  in  the  appearance of testes including stage  of 
maturity,  diameter  of  lumen  of  seminiferous  tubules, and vacuolar changes in the 
lining cells of the  tubules. One  dog from the control group and 3 dogs from the 
mid-dose  group  had signs of  testicular  maturity  as  evidenced by the  production  of 
tail-containing  spermatozoa.  None  of  the  low-dose  or high-dose animals had  any 
evidence of tailed  spermatozoa.  Three  dogs from the control group and 1 each 
from the mid-  and  high-dose  groups  had  immature testes that were characterized 
by small seminiferous  tubules  with  little  or  no  lumen and containing a single layer 
of spermatogonial cells. Testes  from 4 dogs,  one  each from the low- and high- 
dose groups  and 2 from the mid-dose  group,  contained seminiferous tubules with 
dilated lumen  and often contained  more  than  a  single  layer of lining cells. 
Similar, but  less  advanced,  tubules  were  observed  for one dog from the control 
group.  Vacuolar  change  in  the  apical  parts of the spermatogonial cells occurred 
in 2 dogs of the  low-dose  group, 3 dogs of the high-dose group, and 1 dog of the 
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control  group.  The  tubular  morphology  observed  for the 2 low-dose  and 3 high- 
dose  animals  appeared to be  beyond  the normal limits.  The  Agency concluded a 
NOEL of 100 ppm  or  equivalent of 3 mgkg for this study following conduction 
of additional  subchronic  dog  studies. 
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Bayer Report No.: 74229 

Title: Chronic Toxicity  and  Carcinogenicity in Mice 

Author: E. Bomhard 

Reference: Bayer Institute for  Toxicology 
Wuppertal,  Germany 

S u m m a r y :  Mice (B6C3F1)  were  dosed  with  enrofloxacin technical drug substance 
incorporated  into  feed.  Fifty  animals per sex per treatment group were exposed to 
0,1000,3300 and  10,000  ppm  for 24 months. The body surfaces, orifices, eyes, 
general behavior,  posture,  breathing, and excretion products of the treated 
animals did  not  show  any  unusual  features  compared to the controls when 
inspected  twice  daily.  There  was no evidence of treatment-induced damage to 
the eyes in the groups  receiving up  to and including 3300 ppm at  the  end of  the 
study. The females in the  10,000 ppm group showed a clearly elevated incidence 
of focal lenticular  opacity. No histological correlation could be assigned to the 
effect. A slightly higher  increase  in mortality of the males in the 3300 ppm  group 
and  females  in the 10,000  dose  was  observed.  Body weights were determined 
once a  week  with  animals  in the 2  lower  dosed groups being significantly higher 
than the controls with the 10,000  ppm group occasionally higher than the controls, 
and the 20,000 ppm group  comparable to the controls. The total white blood cell 
counts were  decreased in the  3300 and 10,000 ppm groups for the males and in 
the 3300 ppm group  for  the  females.  Significantly lower hemoglobin, hematocrit, 
MCV,  and  MCH  values  were  seen  at  10,000  ppm level. Samples obtained after 
12 and  24  months  showed  lower  alkaline phosphatase levels at the 3300 and 
10,000  levels. A dose-dependent  trend  was  observed in total protein values with 
the reduction in total  plasma  protein attributed to a decrease in  the globulin 
fraction. No specific  gross  pathology findings were observed at the 12-month 
sacrifice. After  24  months, an incidence of cecal dilation was observed which 
increased  with  increasing  dose  for  males  treated at 1000 ppm (4.0%), 3300 pprn 
(42.0%) and  10,000 ppm (82.0%) and for females at 3300 ppm (26%) and at 
10,000 ppm (64%). No changes  occurred in absolute or relative organ weights 
except for  increases in kidney  weights of females receiving 20,000 ppm.  On 
histopathological  examination,  there  was  neither an increase in the incidence nor a 
decrease in the time of appearance  of tumors in the dosed groups compared to 
the controls. Intrahepatic  bile-duct  changes  were detected in the 3300 and 
10,000 ppm dose  groups.  Focal  papillary  mucosal hyperplasia in the gall bladder 
was  observed  in the 3300 ppm  males  and the 10,000 ppm females. There was no 
evidence of carcinogenic  effect  in  mice  dosed  with  1000 - 10,000 ppm 
enrofloxacin  for  two  years. The Agency concluded  a NOEL of 1000 ppm 
(323 mgkg) for all effects. 
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Bayer Report No.: 74387 

Title:  Chronic  Toxicity  Study  in  Rats After  Administration in Feed Over  a Period of 
2 Years. 

Author: K. Leser 

Reference:  Bayer  Institute  for  Toxicology 
Wuppertal,  Germany 

Summary: Wistar  rats (50 animals  per  sex  per  treatment  group)  were  exposed to 0, 100 and 
500 ppm  enrofloxacin  technical  via  feed  for  a 24 month  period. Histological 
evaluation  was  limited only to the  heart  and  liver. No statistically significant 
differences  were  observed  compared  to  the  controls. A NOEL for enrofloxacin 
had  not  been  demonstrated  by this study  based  on significant increases in the 
bile-duct  hyperplasia in all  the  exposure  groups of male rats. The Agency set the 
NOEL at 100 ppm  after  considering  the  spectrum of data from all the chronic rat 
studies  and  opinions  submitted  to CVM. The 100 ppm NOEL corresponded with 
doses of 5.3 and 7.2 mg enrofloxacinkg bw for  the  male  and female rats, 
respectively. 
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Bayer Report No.: 73892 

Title:  Additional  Two-Generation  Reproduction  Study in Rats 

Author: R. L. Kowalski 

Reference:  Miles  Laboratories 
Elkhart,  Indiana 

Summary:  Sprague-Dawley  rats  (120 Fo animals  per sex per treatment group) were  exposed 
to 0, 125,300, and  2,000  ppm  enrofloxacin  technical drug via feed over  a  duration 
of two generations.  The  only  definite test article-related change was seen in  the 
testes  and  epididymides  of  mid- and high-dose Fo and F, males. The change was 
characterized as abnormal  spermatozoa.  Epididymal weights of the high-dose 
group  were  decreased in both the Fo and F, generation with the variation in the F, 
being  statistically  different. No effects on fertility or reproductive performance 
were  noted.  The  Agency  concluded  a NOEL of 125  ppm. 

J:users\linda\enviroas\gggea002.doc Page 101 of 119 2/29/96 



Bayer Report No.: 73705 

Title: Embryotoxicity/Teratogenicity Study  with  the  Rabbit 

Author: H. Becker 

Reference:  Research  and  Consulting  Co. 
Itingen,  Switzerland 

Summary :  Chinchilla  rabbits (1 6 females  per  treatment  group)  were  orally dosed fiom  day 6 
through  day 18 post-breeding.  The  drug  levels  tested  were 0, 1,5,25, and 75  mg 
enrofloxacidkg. No treated  dams  expired  with  one  in  the  high-dose  group 
aborting  on  day 19. A statistically  significant  decrease in food consumption was 
noted  for  the  high-dose  females. This group  also  had  a  slightly  decreased body 
weight  gain.  Treatment  at the higher  dose  caused  increased post-implantation 
loss. No differences  occurred in mean  body  weights of fetuses in the treated 
groups.  Malformations  observed  were  considered  to  be  incidental and within the 
normal  spontaneous  range. No test  article  or  dose-related  differences  were 
evident,  and  the  stage of  development  in  all  groups  was  similar. The Agency 
concluded  a NOEL of 25 mgkg. 
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Bayer Report No.: 73584 

Title:  Subacute  Toxicity of Enrofloxacin  (Bay Vp 2674) to Earthworms (Lumbricus 
terrestris) 

Author: T. B. Waggoner 

Reference:  M.  C. Bowman and  Associates 
Mount  Ida,  Arkansas 

S u m m a r y :  The study  was  conducted  according to Environmental Assessment Technical 
Guideline  1  1.13.  Earthworms  were  exposed to 0.1, 1 .O, 10, 100, and 1,000 ppm 
enrofloxacin  for  28-days  in  a  test  soil  medium. A single mortality (10%) was 
observed in the 0.1  and  10  ppm  treatment  levels.  There  was 20% mortality in the 
solvent  control  treatment (0.1% methanol)  and  no  mortality in the negative 
control. No adverse  effects  were  observed of the  control soil or b y  treatment 
level.  The  no  observed  effect  level  was  determined to be 51000 ppm 
enrofloxacin. 
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Bayer Report No.: 74123 

Title:  Toxicity  of  Enrofloxacin  (Bay Vp  2674) to Earthworms (Lumbricus terrestris) 

Author: T. B.  Waggoner 

Reference: M. C .  Bowman  and  Associates 
Mount Ida,  Arkansas 

Summary: The study  was  conducted  according to TAD  Guideline  4.12. Earthworms were 
exposed  to  0.1,  1 .O, 10,  100,  and  1,000 ppm enrofloxacin for 28-days in a test soil 
medium. No mortality  was  observed  in the control or any treatment level. No 
adverse  effects  were  observed of the  control  soil or any treatment level. The no 
observed  effect  level  was  determined to be 11000 ppm enrofloxacin. 

TAD  4.12  states  that in experiments  where  substrates containing the highest levels 
of  the  test  chemical  fail  to  yield 50% mortality,  a definitive test is not indicated. 
The  enrofloxacin  earthworm  study  was  conducted as a  range-find or preliminary 
study  using  one  replicate  per  test  level, as allowed  by the TAD. Due  to the lack of 
mortality  in  this  preliminary  study,  a  definitive  study  was not conducted as per 
TAD  4.12.  Moreover,  the  TAD  does  not  specify that individual worm weights are 
required  for  either  a  range-find  or  definitive  test,  therefore, only mean worm 
weights  were  calculated  for  the  enrofloxacin worm study by measuring the total 
mass of  the  surviving  worms  and  dividing  that  value  by the  number  of worms 
weighed. 

The TAD  recommends  regression  analysis to determine  if there was  an observable 
adverse  effect  over  the  range  of  concentrations  tested. Essentially, if the slope of 
the  regression  line  for  the  weight  data  is  zero  or  very  close to zero, then there are 
no  adverse  effects  with  respect  to  growth.  The  regression analysis is presented 
below. 
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The regression  line  is  defined by the equation: 

Percent  weight  gain = [-0.0 10 x  (enrofloxacin  concentration)] + 10.37 

where -0.010 is  the slope of the regression  line. Since the slope of the line is very 
close to  zero,  this  demonstrates that there are no adverse effects on worm growth 
due to  enrofloxacin. 
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Bayer Report No.: 106793 

Title:  Subacute  Toxicity of Ciprofloxacin  to  the  Earthworm, Lumbricus terrestris 

Authors: D. C.  England  and J. Veltri 

Reference:  ABC  Laboratories 
ABC  Study No. 41638 

Summary: An earthworm  subacute  toxicity  study  was  conducted in accordance with TAD 
Guideline  4.12.  Earthworms, Lumbricus terrestris, were exposed for 28 days to 
concentrations of ciprofloxacin  ranging  from  10  to 1000 pg ciprofloxacidg soil 
(ppm).  Over  the  course of the  28-day  exposure,  no  adverse effects, including 
mortality,  discoloration,  and  decreased  worm  weight  and mobility were noted at 
any of the  concentrations of ciprofloxacin.  The  no  observed effect level was 
determined to be >_lo00 ppm. 
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Bayer Report No.: 106661 

Title:  Seed  Germination  and  Root  Elongation  Study  Using  Enrofloxacin 

Authors: R. S .  Chetram  and C. Cone 

Reference:  Al3C  Laboratories,  Inc. - Pan-Ag  Div. 
Pan-Ag  Study NO. 93329 

Summary: The effect of enrofloxacin  on the seed  germination  and  root elongation of six 
species of plants was  determined in accordance with FDA Technical Assistance 
Document  Guideline 4.06. The six species  represent  monocots  and dicots: 
ryegrass,  wheat,  soybean,  tomato,  lettuce,  and  cucumber.  The seeds were 
incubated on paper in small petri  plates or pans,  and the paper was 'treated with the 
dosing  solutions  of  enrofloxacin. 

A preliminary  root  elongation test indicated  significant  reduction ( p < 0.05) in 
root  elongation at 1 .O, 10,  100,  and  1000  mg enrofloxacin/l in ryegrass  and 
wheat. A root elongation  definitive  test was conducted  on these two crops using 
the  following  concentrations: 1.25,2.5,5.0, and 10  mg/L  plus positive and 
negative  controls. 

Root  elongation  was  measured three days  after  treatment  for  wheat  and six days 
after  treatment  for  ryegrass.  Results of  statistical  analyses  of root elongation 
showed  significant  reductions (p .e 0.05) for  ryegrass  and  wheat at 1.25  mg/L. A 
second  definitive  test  was  conducted  for  ryegrass  and  wheat using the following 
concentrations: 0.03 1,0.63, 1.25,  and  2.50 mg/L plus  positive and negative 
controls, 

The  data  were  statistically  analyzed by ANOVA and  Dunnett's test. The 
proportion of seeds  germinated  were  transformed  prior  to  analysis  using an a n  
sine transformation. The sensitivity  analysis used-to check  the  power of the 
statistics was  that  specified by  FDA  TAD  Guideline 5.02. 

Enrofloxacin  concentrations  ranging from 1 to 1000 p g / d  water  (pprn) had no 
effect  on  the  germination  of  the  seeds of the  six  species, and therefore,  the no 
effect concentration  for  enrofloxacin on  seed gemination was 1000 ppm. 
Enrofloxacin  did  reduce  the  growth of the  radicle  (young  root)  which emerged 
fiom the  seeds.  The  NOEC  for  soybean  was 12.5 pprn,  for  lettuce was 2.5 ppm, 
for  ryegrass  and  wheat  was 0.63 ppm,  for  tomato was 0.50 ppm,  and  for cucumber 
was 0.25 ppm.  Cucumber was the most  sensitive  species. 
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Bayer Report No.: 74576 

Title: Seed  Germination  and  Root Elongation Phytotoxicity Study With Emofloxacin in 
Soil 

Authors: E. Feutz  and C. Lochhaas 

Reference: AE3C Laboratories,  Inc. 
ABC Study No. 42185 

Summary:  The study was conducted  following  methodologies similar to TAD Guideline 
4.06. In a previous  TAD 4.06 study (Bayer  Report No. 106661), the species most 
sensitive to  enrofloxacin was cucumber, and the  no effect concentration (NOEC) 
was 0.25 pm. To determine the effect of enrofloxacin on cucumbers planted in 
soil, a  new  study  was  conducted.  The effect of enrofloxacin on  the seed 
germination and  root  elongation of cucumber  was  determined in accordance with 
FDA  Technical  Assistance  Document  4.06,  with the exception that sandy loam 
was  used in place  of the filter  paper  specified  in the guideline. The cucumber 
seeds were  planted in glass dishes containing soil  previously  amended with 
enrofloxacin  at  the  nominal concentrations of 1 , 10, 100, and 1000 pg/g soil 
(pprn). Slight effects of enrofloxacin on seed germination and root elongation 
were  noted  at  the 100 ppm level. 

Replicate 1 from  the 1 ppm treatment and replicate 3 from the 100 ppm treatment 
were  deleted  from  statistical  analysis of the percent germination and radicle length 
data. These  replicates  had  aberrantly low germination  in comparison to  all  other 
test dishes. The cause  for  this, in the opinion of  the study director, did not 
indicate a treatment  response to the test chemical. The rationale for omission 
from  statistical  analysis was  based  on the biological observation that these 
replicates  were  outliers. 

The power of the  ANOVA  and  Dunnett’s test appeared  to  be adequate since 
significant  differences  were  detected  at the levels  that  were visually observed to 
have  chemical  related  effects. 

No test  concentrations  between 10  and 100 ppm  were  tested, and the NOEC was 
determined  to be 9.1 ppm  for  both  seed  germination  and  root elongation. Thus, 
soil  greatly  reduced  (at  least  36-fold) the effect of enrofloxacin on cucumber. 
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Bayer Report No.: 106911 

Title:  Seed  Germination  and  Root  Elongation  Study  Using Ciprofloxacin 

Authors: R. S. Chetram  and  C.  Cone 

Reference:  ABC  Laboratories,  Inc. - Pan-Ag  Div. 
Pan-Ag  Study NO. 93328 

Summary: The  effect of  ciprofloxacin on the  seed  germination  and root elongation of  six 
species  of  plants  was  determined  in  accordance  with  FDA Technical Assistance 
Document 4.06. The six species  (ryegrass,  wheat,  soybean, tomato, lettuce, and 
cucumber)  represent  monocots  and  dicots.  The  seeds  were incubated on paper in 
small  petri  plates  or  pans,  and  the  paper  was  treated  with the dosing solutions of 
ciprofloxacin. 

The  data  were  statistically  analyzed by  ANOVA  and  Dunnett’s test. The 
proportion of  seeds  germinated  were  transformed  prior to analysis using an arc 
sine transformation.  The  sensitivity  analysis  used to check the power of the 
statistics was that  specified  by FDA TAD Guideline 5.02. 

Ciprofloxacin  concentrations  ranging  from  1 to 1000 pg/mL water (pprn) had no 
effect on the  germination  of  the  seeds  of  the six species,  and the no effect 
concentration  for  ciprofloxacin  on  seed  germination  was  1000 ppm. 
Ciprofloxacin  did  reduce  the  growth of the  radicle (young root) which emerged 
from  the  seeds.  The  NOEC  for  ryegrass  was 3.13 ppm,  for  wheat was 2.50 ppm, 
for  soybean  and  tomato was 1.25 ppm,  for  cucumber was 1.0 ppm, and for lettuce 
was 0.25 ppm.  Lettuce  was  the  species  most  sensitive to the effects of 
ciprofloxacin  on  root  elongation. 
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Bayer Report No.: 74583 

Title:  Seedling Growth Phytotoxicity  Test  With  Enrofloxacin 

Authors: D. Judy  and C. Lochhaas 

Reference:  Analytical-Biochemistry  Laboratories, Inc. 
AE3C Study No. 42183 

Summary:  The effect  of  enrofloxacin on the  seedling  growth of six species of plants was 
determined in accordance with TAD Guideline  4.07. The  six species represent 
monocots  and  dicots:  ryegrass,  wheat,  soybean,  tomato, lettuce, and cucumber. 
The seedlings  were  germinated in vermiculite  prior to test initiation. On the day 
of test initiation,  the  seedlings  were  transplanted to sand, and the sand was treated 
with the dosing  solutions of enrofloxacin.  The  seedlings were exposed to 
concentrations of  enrofloxacin  ranging  from  0.12 to 8.20 p g / d  nutrient solution 
(pprn)  for  three  weeks.  Visual  toxicological  observations were made of the plants 
at weekly  intervals.  At  the  end of the three weeks, the NOEC for visual effects 
were noted  for  ryegrass  at 0.13 ppm,  soybean  at 0.50 ppm, tomato at 2 ppm, 
lettuce at 2  ppm,  and  cucumber  at  0.25  ppm.  For  wheat, visual toxicological 
effects were  noted  by  the  third  week  for the lowest concentration (0.13 ppm). 
Shoot length  measurements  were  obtained at weekly intervals during the test,  and 
shoot dry  weight  and  root  dry  weight  were  obtained at the termination of the 
study.  The  overall NOEC for  ryegrass was 0.13 ppm,  for wheat was <O. 13 ppm, 
for soybean  was  1  ppm, for  tomato was <0.250 ppm,  for lettuce was 0.5 ppm, and 
for  cucumber  was  0.25  ppm. 
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Bayer Report No.: 7451 1 

Title:  FDA Seedling Growth Phytotoxicity Test With Enrofloxacin and Ciprofloxacin 

Authors: D. Judy  and C. Lochhaas 

Reference:  ABC  Laboratories,  Inc. 
ABC Study No. 42587 

Summary: In a previous study  with  enrofloxacin  (Bayer Report No. 74583), wheat and 
tomato demonstrated  a  sensitivity  to enrofloxacin. To determine the effect of 
enrofloxacin and  ciprofloxacin  on  wheat  and tomato seedlings grown in soil (as 
opposed to  sand in the previous TAD 4.07  study),  a  new study was conducted in 
accordance  with  FDA  Technical  Assistance  Document  4.07, with the exception 
that sandy  loam was used  in  place of the sand  specified in  the guideline. Wheat 
and tomato seedlings  were  transplanted to soil  previously  amended with 
enrofloxacin at  the  nominal  concentrations of 0.50, 5.0, 10, 50, and 100 pg/mL of 
nutrient media  (ppm) or ciprofloxacin at the nominal concentrations of 0.10, 1 .O, 
5, 10, and  50  pg/mL  of  nutrient  media  (ppm). The seedlings were maintained in 
this system for 3 weeks  and  periodically  watered  with  a nutrient solution 
containing the  requisite  concentration of enrofloxacin or ciprofloxacin. Shoot 
length, shoot  dry  weight,  and  root dry weight of the treated seedlings were 
measured  and  compared to these  parameters  for the untreated seedlings. The  no 
effect level  for  wheat  exposed  to  enrofloxacin  was 4.7 ppm and for ciprofloxacin 
was >49 ppm.  The  no  effect  level  for  tomato  exposed  to enrofloxacin was 
9.5 ppm  and  for  ciprofloxacin  was  >49  ppm. 
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Bayer Report No.: 106599 

Title:  Microbial  Growth  Inhibition with Enrofloxacin 

Authors: J. Wood,  T.  Bielefeld,  and I. Kelley 

Reference: ABC Laboratories,  Columbia, MO 
ABC Study No. 41571 

Summary :  The study  was  conducted in accordance with TAD Guideline  4.02. Pseudomonas 
aeruginosa,  Arthrobacter  picolinophilus,  Azotobacter  vinelandii, Anabaenajlos- 
aquae,  Aspergillus  clavatus, Penicillium canescens, and Trichoderma  hamatum 
were  maintained  for  4  days on growth  media  amended with enrofloxacin at 
nominal  concentrations  ranging fkom 1.3 to 250 ppm (the maximum solubility  of 
enrofloxacin). The minimum  inhibitory  concentration (MIC) was 12.5 ppm for 
P. aeruginosa, A. picolinophilus, and A. $os-aquae. The MIC Was 1.3 ppm for 
A. vinelandii. No inhibition of growth  was  observed for A. clavatus, 
P. canescens, or T. hamatum. 
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Bayer Report No.: 106750 

Title:  Microbial Growth Inhibition  with  Ciprofloxacin 

Authors: J. Wood, T. Bielefeld,  and I. Kelley 

Reference: ABC Laboratories,  Columbia, MO 
ABC Study No. 41572 

Summary:  The  study was conducted  in  accordance with TAD Guideline 4.02. Pseudomonas 
aeruginosa,  Arthrobacter  picolinophilus,  Azotobacter  vinelandii, Anabaenajlos- 
aquae,  Aspergillus  clavatus, Penicillium canescens, and Trichoderma hamatum 
were  maintained  for 4 days  on growth media  amended  with  ciprofloxacin at 
nominal  concentrations  ranging fkom 1 to 60 ppm  (the  maximum solubility of 
ciprofloxacin).  The  minimum  inhibitory  concentration (MIC) was 10 ppm for 
P. aeruginosa, A. picolinophilus, and A. flos-aquae. The MIC was 1 ppm for 
A. vinelandii. No inhibition  of  growth was observed  for A. clavatus, 
P. canescens, or T. hamatum. 
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Bayer Report No.: 107124 

Title:  Bioavailability  of  Enrofloxacin  in  Soil  and Manure and its Effect on 
Microbial  Growth  Inhibition 

Authors: Z. Yan  and I. Kelley 

Reference:  ABC  Laboratories,  Columbia, MO 
ABC  Study No. 42632 

S u m m a r y :  The  bioavailability of enrofloxacin  in soil and manure and the potential effect of 
this compound  on  the  growth  inhibition of two soil microbes were investigated. 
The  test  species  selected, Arthrobacter picolinophilus and Azotobacter vinelandii, 
were  the  most  sensitive  in  the FDA TAD 4.02 guideline study (Bayer Report 
No. 106599),  with MICs of 12.5 and  1.3 mg/L on agar plates. The two species 
were  exposed to concentrations of enrofloxacin in a soiVmanuie matrix ranging 
from  1.3  to 500 mg enrofloxacin  per  kg  soiVmanure  matrix. The MICs of these 
bacteria  in  soil  and  manure  were > 500 mgkg. Thus, enrofloxacin was not 
bioavailable  to  the  test  species at concentrations as high as 500 mgkg soiVmanure 
and  had  no  inhibitory  effects on the growth of the test organisms. 
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Bayer Report No.: 73194 

Title:  90-Day  Oral  Toxicity  Study in Rats 

Author: R. L. Kowalski 

Reference: Miles Laboratories 
Elkhart,  Indiana 

Summary: Sprague-Dawley  rats  (1 5 per sex per  treatment group) were exposed to 0,500, 
2000,. and 7500 ppm  enrofloxacin  for  a minimum of 9 1 days via oral exposure 
through  feed. No test  article-related signs of toxicosis nor death occurred, A 
statistically  significant  reduction in mean  body weight for males and females from 
the high-dose  group  was  observed. No treatment-related trends were observed in 
hematological  parameters. Total protein  levels were significantly decreased for 
both  sexes in the  high-dose  group  after  weeks 6 and 13. Asp--te 
aminotransferase  was  decreased  for  the  high-dose males after 6 and 13 weeks. A 
decrease in total  bilirubin  occurred  in  the  high-dose males. A dose-dependent 
increase  in  inorganic  phosphorous  was  reported in the males and  females after 
13 weeks. A dose-dependent  trend  toward  decreasing urine sodium output was 
reported  for  males  in  the  mid-  and  high-dose  groups at 6 weeks and for females in 
the  mid-  and  high-dose  groups  after 13 weeks. Heart weights were reduced for 
mid-dose  and  high-dose  animals.  Mean  prostate weights were significantly lower 
for  mid-  and  high-dose  males.  Liver  weights  were reduced at the high-dose 
levels.  Swollen  external  ears  and  distention of the cecum were  primarily in the 
high-dose  animals.  Auricular  chondropathy  was observed in all groups including 
the  controls, but  appeared  to  be  dose-related (1 control, 1  low-dose, 6 mid-dose, 
and  10  high-dose).  Microscopic  changes of questionable relationship to the test 
article were  observed  in  the  knee joints of 3 of 30 rats in the high-dose  group. 
Microscopic  change  occurred  in  the  epididymides and testes of male rats fiom the 
high-dose  group.  This  change  appeared to represent  a degenerating spermatid. 
The Agency  concluded  a NOEL of 500 ppm (40 mg/kg). 

Page  115  of  119 2/29/96 



Bayer Report No.: 73159 

Title:  Teratology  Study  in  Rats 

Author: G. R. Clemens 

Reference:  Miles  Laboratories 
Elkhart, Indiana 

Summary :  Charles  River  Rats (28 females)  were  exposed  to  enrofloxacin technical drug 
substance  via  oral  suspension.  The  test  levels were 0, 50,210, and 875 mgkg for 
10 consecutive  days fiom the  sixth  through  the fifteenth day  of gestation. All 
dams  survived,  and  there  were  no  remarkable  observations  attributable to  the test 
article.  Body  weight  gain  was  significantly  reduced in the highest test level 
group.  There  was  no  statistically  significant  differences in any reproductive 
parameter  for  any  test  article  group  when  compared with the control. Fetal 
weights  for  both  males  and  females  were  significantly  reduced for the high-dose 
group.  Male  and  combined  fetal  weights  were  significantly  reduced also for the 
mid-dose  group. No gross  morphological  external  and  visceral changes 
attributable  to  the  test  article  were  observed  in  the fetuses, but they were generally 
smaller in the  high-dose  group  compared to the  controls.  There was no increase 
in  incidence  of  common  skeletal  variations, but a  statistically significant delay in 
ossification was observed  in  the  mid-  and  high-dose groups which accompanied 
the  overall  reduction  in  body  weights  for  these  groups.  The  Agency concluded a 
NOEL of 50 mg/kg/day  for  the  study. 
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Bayer Report No.: 73314 

Title:  Two-Generation  Reproduction  Study in Rats 

Author:  G.  R.  Clemens 

Reference:  Miles  Laboratories 
Elkhart,  Indiana 

S u m m a r y :  Sprague-Dawley  rats (1 20 Fo animals  per sex per  treatment  group) were exposed 
to 0, 500,2000, and 7500 ppm technical  enrofloxacin via feed over a duration of 
two generations. No overt  toxicity signs at  any  dietary  concentration. General 
behavior  and  appearance was essentially  normal  for the Fo and F, generations. 
Swollen  pinnae  were  reported  in  both the Fo and F, generations. Body weights for 
the  high-dose  males  and  females  from the Fo and F1 generations were significantly 
reduced  during  most  of  the  study. A significant  reduction in food intake for  the F, 
generation  was  seen  in  high-dose  males.  Libido  was  unaffected and breeding 
performance  was  considered  favorable for males  from  both  generations. No 
meaningful  alteration  occurred  in  any  reproductive  parameter  for dams exposed to 
500 ppm or 2000 ppm of test article in the diet.  There was a  marked reduction in 
reproductive  performance in the  dams  receiving  the 7500 ppm level. Pregnancy 
rates,  total  number of pups  born,  litter  size,  number  of  implantations, and  birth 
index  which  were  significantly  reduced  for  the  high-dose  group; the length of 
gestation  was  significantly  increased in the  high-dose  group.  There was no 
increase  in  the  number of stillbirths  for  any  dose  group from either generation 
when  compared  to  the  controls.  The  high-dose  level  significantly reduced 
neonatal  survival  and  neonatal  weight gain during  lactation. Unilaterally, small 
testes  were  reported. No changes  occurred  in the female reproductive tissues. 
Spermatic  morphological  alterations  were  seen in the  high-dose males from both 
generations.  Cecal  dilatation,  unilateral  testicular  atrophy  and reduced prostatitis 
were  observed  in  the  various  treatment  groups.  The  Agency concluded a NOEL 
of 2000 ppm (1 65 mgkg) for the  study. 
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Bayer Report No.: 74230 

Title: Chronic Toxicity  and  Carcinogenicity in Rats 

Author: E. Bomhard 

Reference: Bayer Institute for  Toxicology 
Wuppertal,  Germany 

Summary: Wistar rats (60  animals  per sex per treatment group) were dosed via feed with 0, 
770,2000, and  6000  ppm  enrofloxacin  technical  drug substance for 105 weeks. 
Mortality increased for both males and  females at the 6000 ppm level. The body 
weight development of males  was slightly retarded at 6000 ppm. Hematology 
investigations were  carried out after 6, 12, and 18 months and at the end of  the 
study. Leukopenia  was  seen in the 770 to 6000 ppm groups for both the males 
and females.  Temporarily  decreased  erythrocyte, hemoglobin,-hematocrit, and 
MCV values  were  observed at the higher  doses.  Total  protein  was significantly 
decreased in males at all doses and at all sampling  intervals. Total protein 
decreases were  less for females. Urinalysis performed at 6-month intervals 
indicated the test  substance did not lead to toxicologically relevant kidney 
damage.  There  was  no  evidence of treatment-induced  changes in the refractile 
media, the ocular  fundus, or the pupillary  reflex after one year and at the end of 
the study. A  statistically significant increase  in the incidence of hepatic cysts was 
found in both  sexes  after 2000 and  6000  ppm  treatments,  and  a biologically 
significant increase  was  found in males at 770 ppm. Both sexes showed a 
significant increase in the incidence of dilated caecum after 6000 ppm. Size of 
testes was  reduced  and  consistency  altered in male treatments at 2000 - 6000 ppm. 
Absolute and  relative  liver  weights  were  decreased in.males at 2000 ppm and 
above. The same  decreases  were  seen in the females at the interim, but not at  the 
study termination. In the  6000 ppm males,  absolute  weights of the brain, testes, 
and adrenals  were  significantly  decreased,  but  the relative weights were no 
different than the  controls. The incidence of bile-duct hyperplasia in the liver 
increased in a  dose-related  response  in all treatment  groups and both sexes. 
Sclerotic changes  were  statistically significant from  770  ppm in the males and 
fiom 2000 ppm  in  females.  Cystic  bile-duct  hyperplasia  increased with drug 
exposure from  770 ppm  in  the  males  and 2000 ppm in females.  A marked 
increase in the incidence  of  cardiomyopathy  was  found in males at  the 6000 ppm 
dose and in females  dosed at 770  ppm  and  above.  There  was also a significant 
increase in  the  number  of  subendocardial  proliferative lesions in males and 
females at the highest  dose as well as an  elevated  number of subendocardial 
mesenchymal  tumors.  There  was  a  marked  increase  in the number of 
sarcolemmal  nuclei in skeletal  muscles  of  animals in the 6000  ppm treatments. 
This lesion  is  generally  associated  with  degenerative  changes in the muscle fibers. 
Marked  degenerative  changes  were also noted in the sciatic nerve. Additional 
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histopathological  lesions  included  fewer  females in the treated groups showed 
mammary  alveolar  development and milk  secretion  than the control  animals. The 
Agency  concluded  a NOEL was  not  established for the study due to incidence of 
bilary duct  hyperplasia  and  cardiomyopathy.  There was no evidence of 
carcinogenic  effect in rats  dosed  with 770 to 6000 ppm  enrofloxacin for two 
years. 
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