
ENVIRONMENTAL ASSESSMENT 

NADA 132-872 

FENBENDAZOLE  PASTE 10% IN DAIRY CATTLE  OF BREEDING  AGE 

1. -- DATE- 
May 1995 

2. NAME OF  APPLICANT/PETITIONER: 

Hoechst-Roussel  Agri-Vet  Company 

In the  United  States,  Hoechst-Roussel  Agri-Vet  Company will be the distributor of  the 
product and will control the paste  manufacture. 

3. ADDRESS: 

P.O. Box 2500 
Route 202-206 
Somerville, New Jersey 08876-1  258 

4. DESCRIPTION  OF THE PROPOSED ACTION: 

5/95 

Hoechst-Roussel  Agri-Vet Co. is requesting  approval to expand the use of fenbendazole 
(supplemental filing to NADA 132-872) paste 10% as an oral  dewormer to lactating  dairy 
cattle (dairy cattle of breeding age) at  a dose level of 5 mg fenbendazolekg  body  weight. 
The  recommended  dose is given  once.  Retreatment after 4-0 weeks  may  be  necessary if 
the  treated  dairy cattle continue to be  exposed to worms.  There is no milk withdrawal 
period following treatment.  However,  the  treated  dairy cattle can not be  slaughtered for 
human  consumption for a period  of 8 days after  treatment. 
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Fenbendazole  (Safe-Guard@  Paste 10% and PanacuP Paste 10%) will be  used in lactating 
dairy cattle at  any time  during the lactation period  and dry period.  Safe-Guard@  Paste 10% 
and  PanacuP Paste 10% will be  used  as partial replacement for exisitng agents, morantel 
tartrate and  thiabendazole, intended for the same purpose.  Safe-Guarde  Paste 10% and 
PanacuP  Paste 10% will provide an alternative means for deworming lactating dairy  cattle. 

Pomdations 

The  number of  lactating  dairy cattle is projected to be 9 million. Of that number, 10% or 
about 1 .O million are projected to receive  fenbendazole  as  Safe-Guard@  Paste 10% and 
Panacue Paste 10%. 

5. IDENTIFICATION  OF  CHEMICAL  SUBSTANCES THAT ARE  SUBJECTS  OF 
THE PROPOSED ACTION: 

Fenbendazole is a member of a well-known and widely used  chemical  class of compounds, 
the benzimidazoles,  and is related in chemical structure and 'pharmacological  properties to 
other  drugs  commercially  available in the  United States,  such  as  thiabendazole,  oxfendazole, 
oxibendazole,  mebendazole  and  albendazole. Other related  compounds  available on the 
international  market  include  febantel  and  triclabendazole.  Both  thiabendazole and 
mebendazole  are currently  approved for use in humans in the United States. 

Substance: Fenbendazole (United States  Adopted Name) 
CAS Reaistrv No: 432 1 0-67-9 
CAS Nomenclature: [5-(phenylthio)-l H-benzimidazol-2-yl ]-carbamic  acid methyl ester, 

Structural Formula: 

J 

- Also: methyl 5-(phenylthio~-2-benzimidazol-carbamate. 

H 
I 

Molecular Formula: C,,H,,N,O,S 
Molecular Weiaht: 299.4 
DescriDtion: White to light brownish or  grayish  powder  essentially  odorless. 
Meltina .Point: Approximately  233' (with decomposition) 
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Solubilitv: 
.. ( .  . . ,- . . .  

OctanolNater Partition  Coefficient: 
U.V. AbsorDtion SDectrum: 

Mode of Administration: 

Insoluble in water  (approx. 10-40 ppb.) 
Insoluble or only slightly soluble in the usual 
solvents. 
Freely  soluble in DMSO. 
Log K, 3.9 
Representative  spectrum with maximum 
absorptivity at 296 nm is presented in 
Appendix 1. 
Oral 

PRODUCT  DESCRIPTION 

Fenbendazole is sold as  Safe-Guard"  Paste 10% and  PanacuP  Paste 10%. Both  products 
have an active  ingredient  concentration  of 100 mg fenbendazole  per  gram. 

MODE OF ACTION 

Anthelmintic  spectrum:  fenbendazole is active  against gastrointestinal nematodes  and 
lungworms.  Efficacy  against the following worms has  been  demonstrated in the United 
States: 
Lungworm: Dictyocaulus  viviparus 
Stomach  Worm  (adults): Brown Stomach  worm (Ostertagia  ostermgi). 
Stomach  Worm  (adults & 4th stage  larvae):  Barberpole  Worm (Haemonchus 
contortbdplaceil, Small  Stomach  Worm (Trichostrongylus axei). 
Intestinal Worms  (adults & 4th stage  larvae):  Hookworm (Bunostomum  phlebotomuml, 
Threadneck Intestinal Worm (Nematodirus  helvetianus), Small Intestinal Worm (Cooperia 
oncophora,  Cooperia punctatal, Bankrupt  Worm (Trichostrongylus  colubriformisl, Nodular 
Worm (Oesophagostomum radiatum). 

6: INTRODUCTION OF SUBSTANCES INTO THE  ENVIRONMENT: 

Approval of the proposed action would allow for  the increased production of fenbendazole 
bulk drug substance at the plant of Hoechst AG in Frankfurt,  Germany. -The environmental 
and  occupational  safety  regulations of Germany  are  presented in Appendix 2. Fenbendazole 
bulk drug substance will be  shipped to the United  States to the -Somenrille, New Jersey 
plant of Hoechst-Roussel  Pharmaceuticals  Inc. for manufacturing  and  packaging of a 10% 
paste in the New  Jersey  facilities.  The  drug will be distributed in the United  States for use 
in lactating dairy  cattle. 
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1. 
2. 
3. 

4. 
5. 

Introduction of Substances Throuah the Manufacturina Procesa 

The  environment  adjacent to the  plant in Frankfurt,  Germany. 
The  environment  adjacent to the  plant in Somerville, New Jersey. 
Dairy  facilities and  other  cattle  environments  receiving  residues of the  drug 
contained in animal  wastes. 
Agricultural  lands  potentially  receiving  residue  containing  wastes. 
Aquatic  systems  potentially  receiving runoff from dairy facilities and  agricultural 
lands  containing  drug residues. 

The  manufacturing  facilities in Frankfurt,  Germany  comply with local  regulations. A 
statement by Hoechst AG, Frankfurt,  Germany is included in the original NADA 128-620 
(Fenbendazole for Cattle, 48 FR 42809,  'September 20, 1983). A current  manufacturing 
Environmental  Assessment is attached as Appendix 3. 

A current  manufacturing  Environmental  Assessment is attached as Appendix 4 for Hoechst- 
Roussel  Pharmaceuticals  Inc.,  manufacturer  of  the  finished  dosage form at the facility in 
Somerville, NJ (USA). 

The  manufacturing  process of fenbendatole  paste  consists of carefully  controlled  weighing, 
mixing,  and filling operations  conducted in a pharmaceutical  manufacturing.  plant.  These 
processes  are controlled to arrive at a full material  balance,  and no effluents or  pollutants are 
formed. 

Introduction of Substances from the Use Site 

For practical purposes, the product will only  be  introduced into the environment  when it is 
excreted by treated animals.  Handling, distribution  and  storage of the finished  product 
should not cause  environmental  exposure  since.  the'  drug is marketed in closed  plastic 
containers. 

Target  animals  excrete  quantities  of  the  drug  as  parent  compound  and  metabolites.  The 
excretion of fenbendazole  plus  metabolites  was  measured in studies with cattle treated with 
radiolabeled  fenbendazole.  The  studies  showed that practically the entire dose,  as  measured 
by radioactivity, is excreted within a few days  as  presented in Appendix 5': For the 
purpose of this evaluation, we assume that 100% of the administered  dose is excreted 
within 7 days.  We  assume, that a 1,500  lb.  dairy cow  will be  treated at a dose  level  of 5 
mg fenbendazolekg  body  weight  resulting in a total dose of 3,400 mg (3.4 g)  per  animal 

. .  
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given  three  times  each 
recommendations. 

year.  This is the  maximum introduction scenario  based on labeled 

A 1,500  Ib.  dairy cows voids as  manure 8% of her  body weight each  day  (Principles of 
Dairy  Science, G. H. Schmidt, .L. D. Van Vleck, M. F. Hutjens,  page 430, (1988)). This 
equals 120 Ibs.  or 54.4 kg  manure,  per  day.  .Because the total fenbendazole  dose is voided 
over  seven.  days,  each 380.8 kg (54.4 kg X 7 days) of waste will contain 3.4 g 
fenbendazole which  will equal  8.9  ppm.  Assume a maximum of 40 metric  tons of cattle 
excreta  is  present  on  one  acre of agricultural land. 

Concentration in Water Run-Off from Dairv Farm 

During  the  year  there will be 2  inches  of  rainfall  over an  acre of land: Two inches of rainfall 
on  an  acre of  land  weighs  approximately  205,500  kilograms.  Assume 10 animals  per  acre 
per year. Therefore,  the  amount of fenbendazole on  one  acre would equal: 

10 dairy cows x 3.4 glcow x 3 treatmentslyear = 102 g fenbendazole  per  acre per year 

Fenbendazole is not soluble in water. If we assume that it is possible to have all of the 
residue in the  run-off,  the  maximum  concentration  of  fenbendazole in the  run-off  assuming 
no  degradation  equals: 

102 clrams = .496 mgkg (496 ppb) FBZ in runoff 
205,500 kg of  water 

It would be expected that the  amount of fenbendazole  released into water run-off would be 
very  much  lower  than 496 ppb because  fenbendazole is very  insoluble in water and  absorbs 
tightly to soil  particles.  Therefore,  fenbendazole is not expected to migrate from application 
sites into runoff or  leachate  water,  and  hence, is not expected to be  available to aquatic 
species.  Exposure would be limited by adsorption  and  available  pathways for rapid 
degradation (e.g. photolysis). 

Concentration in Soil with Waste  from Treated Dairv Cattle 

The following assumptions  can be  made: 

.' 0 No degradation in the manure  before  applying to the soil. 

5/95 
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0 Manure  is addec j to the  soil at  the  rate o If 40.0 metric tons per  acre. Amount of 
fenbendazole in 40 metric  tons .equals 0.356 kg. 
(3.4  g  fenbendazole/380.8 kg manure  per  week) X 40,000 kg per  acre = 0.356 kg 
fenbendazole in  40 metric tons manure  or  8.9  mg/kg  (ppm)  manure. 

0 The  manure will be  incorporated into the top 6" of soil (weight  of,the  top 6" of soil 
in one  acre  equals 909,000  kg). 

The  amount of fenbendazole in the top six (6) inches of soil  would equal: 

Drug 
conc. = 
in soil 
(mg/kg) 

Drug  conc. Kg  manure 
in manure X aoolied to soil X acre of soil 

(mg/kg) acre of soil kgs in  top 
6" of  soil 

Drug  40,000  kg 
conc. = 8.9  mg/kg X manure X axe = 0.39 mgkg  (390 ppb) FBZ in soil 
in soil  1 acre  9.09 X 10' kg 

As  indicated by the above  calculations,  the  amount of fenbendazole  (assuming  no 
degradation) that would be  released into the  soil would be very low. 

7. FATE OF EMIITED SUBSTANCES IN THE ENVIRONMENT: 

Since the  primary  route  of introduction of  fenbendatole into the environment is through 
excretion by the  target animal,  the firm conducted  several  studies of the fate of this drug in 
the  environment. (All studies are part  of  original  application  NADA 128-620  (48 FR 42809, 
September  20, 1983). 

Water Solubilitv of Fenbendatole 

Fenbendazole  was  determined to be  very  insoluble in water.  The solubility was determined 
by  passing  saturated  dilutions  through filters with .45  micron  pore size.  The water  solubility 
was  determined to be  between 10 and 40 ppb. It is .clear from these  data that fenbendazole 
is  water-insoluble. 
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Hvdrolvtic Behavior of Fenbendazole. 

A study  was  done to determine if fenbendazole is  decomposed  depending  on  various  pH 
values. 

._ . . . .- . .  I 

Three  aqueous  reaction  mixtures of fenbendazole  were stored at 25°C in the  dark at pH's of 
5, 7 and 9. At specified  time  intervals,  through 28 days, aliquots  of  the  reaction  mixtures 
were  extracted with dichloromethane  and  analyzed by  high performance liquid 
chromatography  (HPLC).  The  levels  of  fenbendazole found  by HPLC were  unchanged 
throughout  the  time  period. At selected  intervals,  the  dichloromethane extract from the 
sample  aliquots  were  also  assayed  by thin layer  chromatography  (TLC) which show one spot 
attributable to parent  fenbendazole  upon  visualization by ultraviolet light (UV). After 28 
days, no  significant  hydrolysis of fenbendazole  was  indicated by HPLC or TLC. 

We conclude from these  studies- that fenbendazole is not hydrolyzed in the tested  range of 
conditions. 

Photolvtic DecomDosition of Fenbendazole in Aaueous Solution 

A study  designed to conform to Method  3.1 0 of  the FDA Environmental  Assessment 
Technical  Assistance  Document  was  conducted  by  Springborn  Laboratories,  Inc. to measure 
the  photodegradation  of  fenbendazole  in  aqueous  solution. 

Photolytic  decomposition is a known degradative  pathway for benzimidazoles.  The effect of 
simulated  sunlight  on  the photolytic degradation  of  aqueous  solutions  of  fenbendazole  was 
tested at pH 5, 7 and 9. Actinometer  (reference  material)  solutions of para- 
nitroacetophenone  (PNAP)  were  analyzed  concurrently with the pH 5, 7 and 9 .test 
solutions. 

Sampling  and  analysis for [ 14 CJ fenbendazole  consisted of an extraction  method  where 4- 
5 separate  tubes for the light-exposed and  dark control solutions  were  separately  combined, 
each containing  approximately  12-mL, to provide  triplicate  replicates for solid phase 
extraction (SPE).  Eluent from the  solid  phase  columns  were  analyzed utilizing high 
performance liquid chromatography (HPLC) with fraction collection  and  subsequent 
radioassay.  Radiochromatograms  (histograms)  were  conducted to quantify  the 
concentration  of  fenbendazole  present  and to determine its degradation  rate.  Samples for 
PNAP  were  analyzed by  high performance liquid chromatographic  analysis with UV 
detection. 
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1 Since  degradation  was so rapid,  and insufficient quantities  of  photolyzed  samples  existed for 

identification of degradates,  additional  exposures at  pH 5, 7 and 9 were  conducted  upon 
completion of the definitive portion of  the  study, with a large  number  of  replicates, to 
provide.  enough  volume for photodegradate  .identification. The  combined  volume of these 
replicates  was  extracted  using a solid  phase  system  and a photodegradate profile 
determined  based  on  chromatographic  comparison of retention times with supplied 
standards.  None of the  degradation  products  comprised  more than 10% of the  original 
concentration of fenbendazole,  indicating. that photolysis  was  severely  destructive to the 
molecule. 

The half-life (TK, days)  of  fenbendazole at pH 5, 7 and 9 are presented  below. 

DH TH (davsl 

5 0.71 3 
7 0.527 
9 0.471 

This  study  conclusively  demonstrates a rapid  degradation  process for fenbendazole  exists 
(less than .one  day) with photolysis  proceeding to many insignificant  degradate  compounds 
in which none  comprise  more  than 10% of the  original  concentration. 

A summary is presented in Appendix 6. 

Miaration of Fenbendazole in  Soil 

A migration  study  using  soil thin layer  chromatography  was  done to determine if 
fenbendazole  migrates from the’  site  of introduction into the  environment.  Radiolabeled 
fenbendazole  was  studied in a silt loam soil sample.  Fenbendazole  adsorbed tightly to 
panicles  of thk soil type and is not expected to migrate from application  sites into runoff or 
leachate  water. 

Adsomtion of Fenbendazole to Particulate Matter ’ 

An adsorption  study  was  done to determine how tightly fenbendazole is bound to particulate 
matter in the soil.  Radiolabeled  fenbendazole  was  used  and 3 soils  and 1 sediment were 
fortified with the  radiolabeled  drug at 5 different  concentration  levels. After continuously 
shaking the soil/water  mixture for 48 hours, the  level of radioactivity was  determined in 
water,  dichloromethane,  soil  extracts  and  extracted  soil.  The  adsorption  isotherms of 
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fenbendazole  were  determined to be log 3 for a sample of New Jersey  soil, New Jersey 
sediment  and  Texas  soil.  The  adsorption  isotherms for a Louisiana soil was  determined to 
be log 2.8. A clear  correlation  was  found  between  the  adsorption  isotherm  values  and the 
soil  variables  or  organic  matter,  sand and silt content. Overall,  fenbendazole  was  adsorbed 
very tightly to the  soil samples.  The study  demonstrated  again that fenbendazole  was 
bound tightly to all soils  examined. 

Laboratorv  Runoff Studies with Feces from Animals Treated with 
Fenbendazole 

Studies  have shown that the same metabolites  are  found in the feces of swine  and  cattle 
treated with fenbendazole.  Feces from pigs  treated with 14C fenbendazole  were  mixed with 
soil to a final  concentration  equivalent to 11.07 micrograms of 14C fenbendazole/g of soil. 
The  soil  feces  mixture  was  incubated with a 10 fold excess of distilled water for 72 hours 
with constant  shaking to achieve  an  equilibrium distribution of fenbendazole + metabolites 
between  the soil and  the  aqueous  phase.  The final concentration  of 14C fenbendazole in the 
aqueous  phase  was .045 micrograms/mL  which  represented  3.1 9% of the initial '*C 
activity. The result  of this study  shows that fenbendatole  metabolites just as  fenbendazole 
parent  substance  are  bound tightly to particulate  matter  and  do not migrate into surface 
warers.  (Bio/dynamics,  Bound  Brook,  NJ.) 

Biodearadation of Fenbendazole 

The  biodegradation of fenbendazole  was  determined in an experimental  setting. 
Fenbendazole  was  incubated with a secondary effluent for 30 days.  During  the  experiment, 
aliquots  were  removed for dissolved  organic  carbon  (DOC)  analyses at intervals of 1, 2, 3, 
4,  7,  10,  15, 21 and 30 days. In addition,  aliquots  were  removed at 1, 2 and 30 days  of 
incubation for  high performance liquid chromatography (HPLC)  analyses of fenbendazole. 
The  biodegradation  of  fenbendazole  was  extremely difficult to follow using DOC 
determinations  because of the insolubility of fenbendazole in aqueous  media.  During  the 
incubation period,  fenbendazole  apparently precipitated in the  incubation  flasks  resulting in 

considerably but suggested a general  trend toward biodegradation.  Extraction of the total 
remaining  mixtures in the  incubation  flask  after 30 days followed by HPLC  analyses 
indicated that there  was  no  degradation of fenbendazole. 

. .  non-homogeneous  mixtures.  The DOC determinations from  the aliquots  fluctuated 

It can  be  concluded from this study that fenbendazole  may  biodegrade  very slowly under  the 
test conditions. 

5/95 
9 



-'I 8. ENVIRONMENTAL  EFFECTS OF RELEASED  SUBSTANCES: 

Human Food Safetv Studies 

The  acute  oral toxicity  of fenbendazole  was  evaluated in laboratory and target animals. 
Standard  protocols  were  used for studies in mice  and  rats.  Large  animals  (horses,  cattle, 
sheep)  were  also treated with relatively  high  doses of fenbendazole.  Fewer  large  animals 
were  exposed to the  various  dose  levels  since  the individual animals  were  studied  more 
thoroughly. In those  studies  no toxicity was  found after the  highest  administered dose, 
with the  exception of the  study in rabbits,  which  was  conducted as a pilot study. One out 
of 3 animals  died after 3,200 mg/kg and 2 out  of 3 after 5,000 mg/kg. 

The  results of single dose, oral  acute toxicity studies  are  summarized in the following table: 

ACUTE  ORAL  TOXICITY  OF  FENBENDAZOLE 
SINGLE  DOSE  MG/KG  B.W. 

Mice 
Rats 
Dogs 
Sheep 
Horses 
Cattle 
Rabbits 

Toxic Dose 
Greater  Than 

1 0,000 mg/kg 

5,000 mo/kg 
1,000 mg/kg 
2,000 mg/kg 

10,000 mQ/kQ* 

500 mg/kg 

LD,, 3,200 mg/kg 

*These  doses  were  the  highest that could be  'administered technically because of the large 
volume. 

Fenbendazole  was  also studied for its effect on  reproducing  animals.  Studies  were  done in 
rats,  rabbits,  horses, cattle and  swine.  No  adverse effects were  found.  Details are 
described in the Freedom of Information  summary  which is part of the  NADA (48 FR 42809, 
September 20, 1983). Chronic toxicity studies  (up to  90 days)  have  been  performed with 
dogs  and  rats.  The  levels  fed in the  studies  were  much  higher  than  levels  expected to occur 
in the  environment.  The data are  summarized  below: 

Chronic (90 day) studies with Laboratory  Animals. 

The  90-daY  studies in rats (up to .2,500 mg/kg)  and  dogs (up to 125 mg/kg) did not reveal 
any clinical Signs Of toxicity in any of the  animals.  No  drug  related  postmortem  lesions  were 
found. 
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In addition, 6 month oral toxicity studies in dogs, a 3 generation  reproduction study in rats, 
a lifetime oral toxicity study in rats in which offspring from the 3' generation study were 
used,  and a lifetime mouse  study  were  conducted to determine if fenbendazole is a 
carcinogen. No oncogenic  properties  of  the  drug  were  found.  Based  on  these  studies,  a 
finite tolerance  of 12 ppm  fenbendazole  residues in cattle liver  was  established. 

Metabolism bv Taraet  Animals 

An orally  administered  single  dose  of  fenbendazole is excreted as intact parent  compound 
and  several  metabolites: 

Parent  Compound 
SO-Metabolite 
2-amino-5-Metabolite 
p-OH-Metabolite 
Not identified 

.Total 

TABLE 

!3!m 
48 % 

8% 

3 metabolites = 
m 
73% 

0.5% 

3% 
6.5% 
2 metabolites = 
3% 
13% 

This  is a result of studies in which  radiolabeled  fenbendazole  was  given to cattle at  a dose 5 
mg  fenbendazolekg  body  weight as  presented in Appendix 7=. 

A finite tolerance of 10 ppm in cattle liver was  established  based  on  extensive  safety 
studies.  Residue  levels in the liver fall below  the  tolerance  level  before the 7th day  after 
treatment. 

Environmental Effect Studies 

Tests Evaluatina the Antimicrobial Activitv of Fenbendazole 

A number of microorganisms  were  exposed to fenbendazole  and  no activity of fenbendazole 
was  found.  The  microorganisms  included: 

Gram positive  aerobic  bacteria: 
Staphylococcus aureus S.G. 51 1 
Streptococcus p yogenes A (3081 
Streptococcus  feecium D 
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._ . Gram  negative  bacteria: 
' . ' ' Escherichia  coli 055 

Proteus  mirabilis 
Pseudomonas  aeruginosa 

I Mycoplasma: 
Mycoplasma  gallisepticum 1 5302 

The test method  was a bacteriostatic (growth inhibition)  test.  Serial  dilutions in Mueller- 
Hinton-Broth  were  used.  The  inoculum  per ml medium  was .05 ml of a 24 hour  stationary 
fluid culture  of the respective  organism  diluted 1 :loo. The  minimum inhibitory 
concentration (MIC) was  determined  after an incubation of 18 hours at  37°C.  MIC  was the 
concentration of the  last test tube in which no macroscopically  visual  bacterial growth was 
observed.  The highest  tested  concentration of fenbendazole  was 100 'micrograms/mL. No 
antibacterial effect could be found  against  any  of  the tested aerobic  bacteria. 

In addition to these  aerobic  bacteria,  anaerobic  bacteria  were  also  tested  as follows: 

I 
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Several  strains of Bacteroides fragiis 
Bacteroides  ovatus 
Bacteroides  thetajotaomicron 
Sphaerophorus  varius 
Sphaerophorus freundi 
Peptococcus  anaerobius and variabilis 
Peptostreptococcus  anaerobius and variabilis 
Propionibacterium  acnes as well as  several clostridia  strains  including Clostridium  erfringens 
and Clostridium  septicum. 

The  highest  tested  concentration of fenbendazole  was 100 micrograms/mL  agar. No 
antibacterial effect could be found against any of the  tested  anaerobic  bacteria. 

Fenbendazole  was further  evaluated. for in-vitro activity against Trichomonas  vaginalis and 
Entam-oeba histolytica. The study was  done as an in-vitro model for activity against 
Histomonas  meleagridis. No in-vitro effect was  seen at concentrations of up to 200 
micrograms/mL in-vitro. 

Fenbendazole  was tested  against  these  protozoa in in-vivo experiments: 
Eimeria tenella 
Entamoeba  histolytica 
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Trichomonas foetus 
A eg  yptianella  pullorurn 
Trypanosoma  brucei 
Plasmodium  vinckei 
Babesia  rodhaini 

- No activity was  found in any  of  the  experiments. 

An antifungal test was  also  performed  against: 
Trichophyton  mentagroph  ytes 
Trichophyton  rubrum 
Microsporum Canis 
Candida  albicans 
Aspergillus  niger 

Two test media  were  used: malt extract  peptone  glucose  agar  and  serum  glucose  agar.  The 
concentration of fenbendazole  was  up to 100 micrograms/ml. No inhibition of fungi was 
observed in this study. 

We conclude from the  available  information that fenbendazole would  not have  any effect on 
soil  microbes  because  no growth inhibition could be demonstrated at the 100 and 200 ppm 
concentrations  which  are  greater  than  the  maximum  solubility  of  the  compound (10-40 ppb). 

Earthworm Toxicitv (€isenla, foetidal i 

An  earthworm  study  was  conducted with Eisenia foetida. 

A preliminary  range-finding test using  earthworms (E'isenia foetida) tested  the toxicity of 
fenbendazole  doses of 1,000, 500 and 100 mg drugkg soil.  Worm mortality was not 
observed until 14 days  and  then only in the 1,000 and 500 mgkg groups.  The 14 day LC, 
was  calculated to be 1,068 mgkg  with the 95% confidence interval being from about 900- 
1600 mglkg. The  worms at 1-00 mg/kg  suffered  no  mortalities,  however, by 14 days  they 
had lost almost as much  weight (35%) as  had the worms at the two higher  doses. In 
comparison to control worms, all treatment with fenbendazole  resulted in significant  weight 
losses. 

The control worms  were  able to reproduce  (produce  cocoons).  The  only  other test group 
able to reproduce  was  the 100 mgkg worms,  however, they did so to a smaller  degree  than 
did the control worms. By 7 days a t  both the 1,000 and 500 mgkg dose  levels  there  was a 
considerable  reduction in the  ability of the  worms to burrow. 
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The study  demonstrated the absence  of an acute lethal effect  of fenbendazole  on 
earthworms at  concentrations  below 100 ppm. It did not determine  the  minimum effect 
level for sublethal effects since  doses lower  than 100 mgkg were not tested. 

Earthworm  Toxicitv (Lumbricus terrestrisl 

The  subacute toxicity  of fenbendazole  on  earthworms (Lumbricus terrestris) was  evaluated 
in a study  conducted by Springborn  Laboratories, Inc. in accordance with FDA 
Environmental  Assessment  Technical  Document 4.12. 

I 

A  preliminary  range-finding  test, consisting of two replicate test vessels  per  concentration 
and  control,  using  earthworms (Lumbricus terrestris) tested  the toxicity of fenbendazole 
doses of 1,000, 100, 10, 1 .O, 0.10 and 0 (control) mg drugkg artificial soil (dry weight 
basis).  Percent survival was 95% or greater at  all levels  tested  except 1000 mgkg where . ' 

5 %  survival rate  was  observed. Definitive test concentrations  were  then  established to be 
960, 500, 240, 120, 56 and 0 (control) mg  fenbendazolekg artificial soil (dry weight basis). 
For  each  exposure concentration  and  control,  four  replicate test vessels  were utilized during 
the definitive test.  When  compared with burrowing  time  and  percent  weight change, 
statistical analysis of the data  determined that earthworm survival was  the  most  sensitive 
parameter to the toxicity  of fenbendazole. At test termination survival in 960, 500, 240, 
120, 56 and 0 (control) mg  fenbendazole/kg artificial soil was 0, 25, 35,  53, 93, and 
1 OO%, respectively.  Therefore,  earthworm survival was  used to establish  the  LCso , LOEC 
and  NOEC. 

The  LCso for earthworms  exposed to fenbendazole for 28 days  was  calculated by moving 
average  angle  analysis to be 180 ppm  fenbendazole.  The  Lowest-Observed-Effect 
Concentration (LOEC) was  determined to be 120 ppm fenbendazole,  and the  No-Observed- 
Effect Concentration (NOEC)  was  determined to be 56 ppm  fenbendazole in artificial soil 
containing 50 g cattle manure  per kg dry artificial soil.  The  concentration. of fenbendazole in 
soil with waste  from treated animals  would  be significantly lower (390 ppb) than the NOEC 
of 56,000 ppb. 

A summary is presented in Appendix 8. 

The following  studies were done to determine the toxicity of fenbendazole 
to aquatic organisms. 
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Acute  Toxicitv of Fenbendazole to the  Water Flea (DaDhnia  maanal 

Nominal  concentrations  of fenbendazole in water  were  prepared at 16, 10, 6.4,  3.8,  2.6, 
1.6 micrograms/L  and  the  appropriate  controls  added.  Three  replicates of each 
concentration  were  prepared  and  5  water  fleas  were  added to each  container.  The 48 hour 
LC,, (and. 95% confidence  interval) for the  water flea exposed to fenbendazole  was 
estimated to be 12 micrograms/L (1 1-1 4  micrograms/L). 

Acute  Toxicitv of Fenbendazole to Rainbow Trout (Salmo  Qairdneril 

The  acute toxicity. as  expressed  by a 96 hr.  LCso could not be  determined in rainbow trout. 
Based  on results of the studies, it was  estimated to be  greater  than  7.5 m g L  The  reason 
for the difficulties may.  be the low solubility  of  fenbendazole in water;  undissolved 
fenbendazole  was  visibly  present in all concentrations  higher than  1.6 mg/L.  The  water 
'solubility  of  fenbendazole  was  determined to be 0.01-0.04 mg/L.  Concentrations  tested 
ranged from 0.58-7.5  mg/L in one  and 7.8-100 mg/L in another  study.  Only  the  results of 
the  study with concentrations  of  0.58-7.5  mg/L  could  be  used  because  those at higher 
concentrations  were  inconsistent.  Signs  such as  darkened  pigmentation,  lethargy,  rapid 
respiration  were  observed at the  estimated limits of  water  solubility  of  fenbendazole. 

Acute  Toxicitv of 14C Fenbendazole to Blueaill (LeDomis  macrochirusl 
Durina 21 Davs Continuous ExDosure 

The study  was  undertaken to estimate  the toxicity, uptake,  and  elimination of 14C 
fenbendazole with bluegill  during  21 days  exposure  and  7  days  depuration  under 
flowthrough conditions.  Measured  concentrations  of 14C fenbendazole in water were 
prepared at .061,  0.029,  0.014, 0.0074 and 0.0041  micrograms/mL  and  the  appropriate 
controls added.  Ten bluegill  were  randomly  distributed into duplicate test aquaria for a total 
of 20 fish per  concentration.  Survival  and  general  appearance  were  assessed  daily.  The 
exposure  of  bluegill to 14C fenbendazole  was  continuous for 20 days. After 21 days 
exposure, all the remaining fish from  the lowest test concentration which partially  affected 
the  survival of the test population (0.0074 micrograms/ml)  were  transferred to a clean 
aquarium  and  held for a depuration  period  of  7  days.  During the initial 10 days  of  the 
exposure, 14C fenbendazole  did not elicit any effects on  the  survival of bluegill at any 
concentration  tested. A-sharp increase in toxicity occurred  between  day 10 and 1 1. From 
days  1 1 through 21, a steady  increase in the  cumulative toxicity of 14C fenbendazole  was 
observed: 
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in microarams/mL (95% confidence interval1 

Residue  concentrations in muscle,  viscera  and  remaining  carcass of bluegill after 21 days of 
continuous aqueous  exposure to 0.0074 micrograms/mL 14C fenbendazole indicate that  the 
concentration of 14C residues in muscle  and  carcass  were  similar with bioconcentration 
factors of 43X and  92X,  respectively.  The  greatest  uptake of 14C residues  occurred in the 
viscera  which  had  a  bioconcentration  factor of 6600X. The whole  body  bioconcentration 
factor for bluegill exposed to 0.0074 micrograms/mL  fenbendatole for 21 days  was  580X. 
After 7 days of depuration, 99% of the 14C residues  concentrated in the viscera  had  been 
eliminated.  The  average  concentration  of ''C residue  present in the muscle  throughout 
depuration  appears to have  been  approximately 0.28 mg/kg  (average  residue  measured  on 
days 0, 1 and 7). Based on  whole  body residues, the halflife for "C fenbendazole in 
bluegill tissues  was > 1 <3 days. 

The Acute  Toxicitv of Fenbendazole to Blueaill (LeDomis macrochirus~ 
Durina 21 Davs Continuous ExDosure 

The  study  was  undertaken to determine if radioactivity was  responsible for deaths of 
bluegills  observed in a study with 14C fenbendazole. 

The  same  procedures  were  used  as in the  above study. The results in this study  were  very 
similar to those  observed with 14C fenbendazole.  During  the initial 7 days of the exposure, 
fenbendazole did not elicit any effects on the survival of bluegill at any  concentration  tested. 
By  day 8 of the exposure, 30% and 20% mortality had  occurred from exposure to 0.040 
and 0.080 micrograms/mL  fenbendazole  respectively.  The  highest mortality of bluegill 
exposed to 0.040 and  0.080  micrograms/mL  fenbendatole  occurred  between  days 8 and 
12. From  days 12 through 2 i  of the exposure,  relatively few fish died.  Estimated  LCw in 
micrograms/ml (95% confidence  interval)  was: 

-5 LC ,, in microarams/ml (95% confidence interval) 

'empirically  estimated.  bestimated by moving  average  method. 
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Water  samples from the  study  were  analyzed by a validated  analytical  method (98% 
recovery,  standard  deviation  about 5%) at  Hoechst-Roussel  Pharmaceuticals  Inc.  The total 
concentrations  (i.e.  fenbendazole in solution  plus  fenbendazole in paste) of fenbendazole 
claimed to have  been in the fish tanks were,  essentially, correct.  They  agreed with the 
fenbendatole  concentrations  found by 14C measurements in the previous  radioactive 14C 

study. 

Many of  the  concentrations in the  tanks  were  above  the  saturation point of  fenbendazole in 
water (0.01 mg/L); in these  there is strong evidence that it was  present as a mixture of: 

a. Soluble  fenbendazole. 
b.  Fine  particulate - i.e. less  than 0.45 micron 
c.  Course particulate - i.e.  greater than 0.45 micron. 

However,  even the course  particulates  could not be  observed with the naked eye. The 
tanks at  0.01 mgR and  0.005 mgR (i.e. the  saturation  concentration,  and 1/2 saturation) ~ 

where  the fish did not die,  were confirmed as having  fenbendazole  present.  The  actual 
results  were  about 0.007 mg/L (70% of 0.01 1 and 0.0033 mgf l  (66%),  respectively. In the 
14C fenbendazole  study, this level  could not be  measured by the radio  carbon 14C assay. 

In summary,  fenbendazole  was tested  for toxicity to water flea, bluegill,  and  rainbow trout. 
The 48 hour  LCso for the  water  flea  exposed to fenbendazole  was  estimated to be 12 
microgramsR (1 1-14 micrograms/L).  Toxicity  was  found  when  bluegill  were  exposed for 
more  than 10 days to concentrations  of  more  than 12-1 9  micrograms  fenbendazole/L. 

Some  signs of toxicity (darkened  pigmentation,  lethargy,  rapid  respiration,  etc.)  were  found 
in rainbow trout  but no fish died at concentrations  representing  the limits of fenbendazole 
solubility in water.  Rainbow trout were not as sensitive as bluegill  sunfish and  daphnia. 

It would be expected that the  amount  of  fenbendazole  released into water run-off would be 
very much lower than 496 ppb  because  fenbendatole is very  insoluble in water,  absorbs 
tightly to soil particles  and is rapidly  photodegraded.  Therefore,  fenbendazole is not 
expected to migrate from application  sites into runoff or  leachate  water;  and  hence, is not 
expected to be toxic to aquatic  species. Also, fenbendazole will be  present at  very low 
levels in the  soil,  and it is soluble in water  only at a  maximum  level of  10-40  microgramsfl. 
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Seed Germination and Root Elonaation 

A  study  was  undertaken to define the effect of fenbendazole  on  corn( Zea mays), cucumber 
(Cucumis sativus), perennial  ryegrass (Lolium perenne), soybean (Glycine max) , tomato 
(L ycopersicon . esculentuml and  wheat (Triticum sesrivud germination and root elongation. 
This 'study was  conducted by Springborn  Laboratories,  Inc. in . accordance with FDA 
Environmental  Assessment  Technical  Assistance  Document 4.06. 

. . ,. , 

Seeds  of  corn,  cucumber  and  perennial  ryegrass  were  exposed to fenbendatole  suspensions 
of 970, 480, 240,  110,  61 and 0 ppm  while  wheat seeds  were  exposed to fenbendatole 
suspensions of 1000,  530,  31 0, 150,  61 and 0 ppm.  Soybean  and tomato seeds  were 
exposed to fenbendazole  suspensions of 1000, 530, 310, 150,  61,  36,  3.6, 0.36 and 0 
ppm.  Each treatment  group  consisted of six replicates of -50 seeds  each. All tests were 
conducted in the absence of light. The test was initiated by adding 50 seeds to each 
appropriately  labeled petri dishes  containing  treated  or control filter paper  and 15 ml ASTM 
Type 2 water. 

At  test termination,  percent  germination  and root length data for the  treatments  were 
statistically compared  on a per  replicate  basis to the  solvent control data. No  morphological 
abnormalities  were  observed in any  seeds at test termination.  A  No-Observed-Effect 
Concentration (NOEC) was  defined as the  highest  treatment level where  there  was no 
statistically toxicant-related reduction in percent  germination  and root length  when 
compared to the  solvent control. The Lowest-Observed-Effect  Concentration (LOEC), 
defined as the  lowest  concentrations  demonstrating  a statistically significant effect,  was 
determined for each  species.  Results  are  as follows: 

I Germination Root Elonaation 
NOEC  LOEC  NOEC  LOEC 

SDecies (ma/L) (man) (ma/L) (man) 

Corn 970 > 970 970 > 970 
Cucumber 970 > 970 970 > 970 
Ryegrass 970 > 970 970 > 970 
Soybean 1000 > 1000 1000 > 1000 
Tomato 1000 > 1000 1000 > 1000 
Wheat 1000 > 1000 1000 > 1000 

A  summary of this study is presented in Appendix  9. 
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Seedlina Growth 

The effect of fenbendatole  on seedling growth was  determined in a study in which six 
species of angiosperms  were  selected. . They  included  three  monocotyledons,  corn( Zea 
mays), wheat (Triticum aestivurn)), and  perennial  ryegrass (folium perenne), and  three 
dicotyledons,  soybean (Glycine. max), tomato (f ycopersicon  esculentum) . and  cucumber 
(Cucumis  sativus). This  study was  conducted by Springborn  Laboratories,  Inc. in 
accordance with FDA  Environmental  Assessment  Technical  Assistance  Document 4.07. 

A range of six concentrations  were  chosen for the  definitive tests -which  were  expected to 
yield NOEC and LOEC  values for each  species.  The  measured treatment  levels  were  1600, 
810,  360,  150,  64, 36 and 0 (controll) mg fenbendazole/kg  support  medium. At test 
initiation,  appropriately  labeled  replicate  pots,  each  containing  1.5 kg of treated or control 
silica sand,  were surface  watered with  250  mi of nutrient solution.  Germinated  seedlings of 
uniform-root and shoot  development  were  selected by random  assignment for planting in the 
treated or control support  medium  (silica  sand). For  each  species, five seedlings  were 
planted in each of five replicate  pots  per  concentration  and  controls. Artificial lighting of 
1000  to  1200 foot-candles  was  provided  on  a dayhight schedules (16 hours light/8 hours 
dark) to allow  for  proper  shoot  orientation and  the initiation of photosynthesis.  During  the 
test, all pots  were  subirrigated  daily, and in addition the 360, 810 and 1600 mg/kg pots 
were  watered  on the surface  on  days 0, 1, 2 and 4 for corn,  cucumber  and  perennial 
ryegrass  and  on  days 0, 1 and 3 for soybean, tomato and  wheat  due to the  hydrophobic 
nature  of  the test article on  the  sand. 

Seedling shoot  lengths  were  measured  on  days 1 , 3, 5, 7, 14 and 21 to establish growth 
rate  curves. Plant survival, dry shoot  weight and dry root weight were  measured at the 
conclusion of the  2  1  -day test period. The results  are  as follows: 

NOEC' LOEC' 
SDecies (mdko)  Irnakd 

Cornb 1600 > 1 600 
Cucumberb 1 600 > 1600 
Ryegrassb 1600 > 1600 
Soybeanb 1 600 > 1 600 
Tomato' 36  64 
Wheatb 1600 > 1 600 
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NOEC  and  LOEC  based  on the  most  sensitive  parameter  measured  (percent  survival,  shoot 
length,  shoot  and root weight). 
No effect was  observed for percent  survival,  shoot  length,  shoot dry  weight and root  dry 
weight a t  the highest  measured  concentration  tested. 
NOEC  and  LOEC  based  on root weight,  the  most  sensitive  parameter for tomato. 

b 

A summary  of  this  study is presented in Appendix  10. 

Studies in Plants 

Another  study  was  conducted to determine if fenbendazole is accumulated in plants. 
Feces from a cow which had  been  treated with ’*C fenbendazole at a dose level of 5 mg 
fenbendazolekg  body  weight  were used to determine if fenbendazole  or its metabolites  are 
taken  up by plants. 

Barley  and  bean  plants  were  raised  under  laboratory  conditions  on  sandy  loam soil to which 
3.5% of a mixture of urine  and  feces  had  been  added.  The  plants  and new crop, tested for 
their  radioactive  content a t  various  times  after  sowing  6  days, 14 days, 11 weeks - showed 
concentrations  varying  between  the  level  of  detection  and twice the level of detection of 3 
nanogramdgram (3 ppb).  The  comparative  value for the soil was 490 nanogramdgram. 

Bioaccumulation 

Octanol/water  partitioning  coefficient  is a chemical  measure often indicative of the potential 
for a chemical to accumulate in lipid-containing  tissues  of  animals  and  plants. The 
octanol/water  partitioning  coefficient (EPA  Method,  FEDERAL  REGISTER, March 16, 1979) 
for fenbendazole  was  found to be  approximately log K, 3.9, an intermediate partition 
coefficient  compatible with other test results  concerning  bioaccumulation of fenbendazole. 

Bioaccumulation was determined in additional studies as follows. 

Residue  studies with radiolabeled  fenbendatole in various  mammals  (cattle,  sheep,  pigs, 
rats)  showed that the majority  of  the  administered  dose of fenbendazole is excreted  rapidly 
with only  traces left after 7 days. 

Specific  studies in fish. 

Accumulation and  Elimination  of “C Residues by Bluegill  Sunfish  exposed to “C 
Fenbendazole. 
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Bluegill  were  continuously  exposed to a nominal  concentration of .92 nanogramdml - 

(ng/mL) of 14C labeled  fenbendazole in well  water for 31 days after which all remaining fish 
were  transferred to flowing,  uncontaminated  water for a 14 day  depuration  period. 

The concentration of 14C residues  measured in the  muscle  tissue  increased  during the initial 
three  days  of  exposure  after which a period  of  equilibrium  existed  during  the  remaining 28 
days  of  exposure.  The  mean  equilibrium  bioconcentration factor for “C fenbendazole- in 
muscle  tissues (days.3 through 301  was 31X. 

Similarly,  an  equilibrium  was  reached in the  visceral  tissues  after 3 days  of  exposure.  The 
mean  equilibrium  bioconcentration  factor  in-viscera  was  calculated to be  3,500X. 

The 14C residue  content  measured in the  carcass  tissue  increased  during  the initial 7 days  of 
exposure after which  there  was a period  of  apparent  equilibrium for the  duration of the 
exposure  period.  The  mean  bioconcentration  factor for 14C fenbendazole in bluegill  carcass 
during  the  equilibrium  period  (days 7 through 30) was  85X. 

The pattern of accumulation  and  persistence  of 14C residues in the whole  body of bluegill 
exposed to 14C fenbendazole  was  similar to that observed in the viscera  tissue.  The  mean 
equilibrium  bioconcentration factor for 14C fenbendazole in the  whole  body of bluegill  during 
the  period 3 through 30 days  of  exposure  was  240X. 

Of the 14C residues  accumulated in the  muscle  tissue  of  bluegill after 31 days of continuous 
aqueous  exposure to fenbendazole, 27% were  extractable with hexane, 20% were 
extractable with methanol,  and 53% were  nonextractable with either  solvent. 

The  elimination  of 14C residues from the  selected  tissue  portions of bluegill  exposed for 31 
days to 14C fenbendazole  was  continuous  during  the 14 day  depuration  period.  Depletion 
halflife of 14C residues  present in the  bluegill  tissue  on  day 30 of exposure  occurred within 
the first  24 hours  after  the  transfer to  flowing uncontaminated  water. By  day 14 of 
depuration,  bluegill  had  eliminated  81 %, 99% and 70% of the 14C residues  measured in the 
muscle,  viscera  and  carcass tissue  respectively  and 93% of the 14C residues  calculated for 
the  whole fish on  day 30 of exposure. 

It should be noted that the  results  of this study  suggest a factor of  temporary 
bioaccumulation that may  be  higher  than  under natural  circumstances.  The  water  solubility 
of  fenbendazole  was  determined to be 10-40 ppb.  Migration  studies  showed that 
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fenbendazole  and its metabolites are tightly bound to soil particles.  Therefore, low 
concentrations will occur in surface  water. 

In summary,  an  intermediate  level of accumulation  was  observed in bluegill  continuously 
exposed to 14C fenbendazole.  The  calculated  mean  equilibrium  (plateau)  bioconcentration 
factor in the  whole  body  of  bluegill was 240X. The factors mitigating concern for the 
accumulation of fenbendazole in fish consist of 1) the fact that plateau  was  attained within 
the first three  days  of  the  exposure and continued  accumulation did not occur  during  the 
remainder  of  the thirty-day exposure  and 2) upon  transfer to clean  water, the fenbendazole 
residue  accumulated in bluegill (whole body)  was  rapidly  eliminated (half-life less  than 24 
hours)  and within 14 days  had  decreased to  7% of  the  body  burden  attained at plateau. 
These  data indicate that fenbendazole  would not be  expected to concentrate or be  retained 
to any  great  degree by aquatic  organisms.  From all of  the  available  information  we  conclude 
that fenbendazole  should not pose a significant  problem  concerning  bioaccumulation. 

From all available  information, we conclude that fenbendazole  should not cause an 
environmental  problem  after  the  treatment  of  cattle as far as bioaccumulation in warm 
blooded  animals or fish is concerned. 

Acute  Toxicitv of Fenbendazole to OnthoRhauUs oazella 

An  investigation  was  conducted by Springborn  Laboratories,  Inc. to determine  the NOEC 
and LD6, of  fenbendazole to dung  beetles.  The  7-day toxicity test with dung  beetles 
(Onthophagus gazellal included a single  measured  fenbendazole concentration of 770 mgkg 
and a control. Five  replicate  vessels  were  maintained for the  treatment and  control.  Treated 
cattle manure (1000 mg/kg,  nominal)  was  divided into five 300 g  aliquots  formed into oval 
shaped patties and  placed in the  plastic  pail vessels,  each containing 2.4 kg of moistened 
artificial soil.  Five  replicates  of 300 g  aliquots  of  untreated cattle manure (control) were  also 
maintained.  Test  vessels  were  randomly  positioned in a temperature  controlled  water  bath 
designed to maintain  temperature at  28 f 2' C. Relative  humidity  was  maintained at 58 to 
66%.  Light intensity was 60 foot-candles with a photoperiod of 16 hours light and 8 hours 
darkness.  Each  vessel  was misted with deionized  water  once  daily. Two male-female  pair 
of  dung  beetles  were  placed in each  replicate  vessel.  Survival  rate,  physical or behavioral 
abnormalities  (e.g.  lethargy)  and  presence of dung  balls  were  recorded at test termination 
(day  7). 

At test initiation (day 0) and test termination manure  samples for the  treatment  level and 
the control were  analyzed for fenbendazole  concentration.  The  mean of the day 0 and the 
normalized  day 7 concentrations  defined  the  measured  treatment  level to be 770  mgkg. 
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..A' , Mean survival  among  dung  beetles  exposed to the  treatment  level of fenbendazole  tested 

. .. ., .. (770 mgkg, measured)  was 100%. Based  on the  absence of mortality and  sublethal effects 
during  the  study, the 7-day LD50 was  empirically  estimated to be  greater  than 770 mg/kg. 
The  No-Observed-Effect  Level  was  determined to be 770 mg/kg.  The  concentration of 
fenbendazole in waste  manure from treated  animals would be significantly lower (8.9 ppm) 
than  the NOEC of 770 ppm. 

A summary is presented in Appendix 11. 

Environmental Hazard Assessment 

Aauatic  Environment 

Under "worst case"  conditions  (assuming that all fenbendazole  administered to dairy cattle is 
excreted  via  their  manure, is extracted  from  the manure  by two inch rainfall,  and  enters into 
water run-off), the  estimated  water run-off concentration of fenbendazole is 496 ppb.  This 
would be the highest  concentration  of fenbendazole in any  aquatic  environment  since it 

assumes  three treatment  periods  per  year  which  are not consecutive,  does not account for 
dilution as it enters  bodies  of  water  such  as  stream,  rivers,  ponds and. lakes  (secondary 
aquatic  environments),  does not account for the fact that fenbendazole  and  fenbendazole 
metabolites  are  bound tightly to the  soil  and  do not migrate into surface  waters,  and that 
upon  entry into these  secondary  aquatic  environments,  fenbendazole  and  fenbendazole 
metabolites  rapidly  decompose  through  the  process  of  photodegradation.  The half-life in 
water  is  less  than  one  day.  Dilution  and  photochemical  decomposition in the  secondary 
aquatic  environments  reduces  the  environmental  concentrations of fenbendazole  and its 
metabolites  such that the effects from  fenbendazole  on  vertebrate  and  invertebrate 
populations are expected to be transient  and  would not be  considered to be significant. 

Aauatic  Levels 

Daphnia Toxicity > > LCso (48 hr.) = 12 ppb . Trout Toxicity > > LC50 (96 hr.) = Limit of H20 solubility (40 ppb) 
0 Bluegill Toxicity > > LCso (21 d. continuous  exposure) > 19 ppb 

Terrestrial  Environment 

Under "worst case"  conditions  (assuming that all fenbendazole  administered to dairy  cattle is 
excreted  via  their  manure,  accumulates  over a year  and is mixed into  the  top six  inches  of 
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soil a t  the rate of 40 metric  tons  per  acre of land)  the total initial concentration of 
fenbendazole is calculated to be 390 ppb. . The.  comparison of the  calculated  environmental 
concentrations of fenbedazole in the  terrestrial  environment in conjunction with the effects 
levels  below is  not expected to have a sighificant impact  on  the  environment. 

Terrestrial Effect Levels 

Microorganisms > .> NOEC > 100,000 ppb 
Seedling Growth ( tomato  most  sensitive) > > NOEC = 36,000 ppb 

LOEC = 64,000 ppb 
. Seed GerminatiodRoot  Elongation > > NOEC 2 970,000 ppb 

Earthworm Toxicity > > NOEC (28 d.) = 56,000 ppb 
LOEC (28 d.) = 120,000  ppb 

Dung  Beetle Toxicity > > NOEC (7 d.) =770,000 ppb 
LC50 (28 d.) = 180,000 ppb 

LD50 (7 d.) >770,000 ppb 

Environmental risks can  be  estimated  from  the  relationship  between  concentrations  expected 
in the  environment  and  the  highest  concentrations of fenbendazole at or  below  which  no 
toxicological effects have  been  observed in laboratory  studies.  Quotients (0) representing 
the  relationship  between the CEC or  calculated  environmental  concentration  and  the NOEC 
or  no-observed-effect  concentration are  presented below  where 0 = CEC/NOEC.  The Q 
values beiow illustrate a considerable  margin of safety across a range of microbial,  insect, 
invertebrate  and plant species  of  importance to the terrestrial compartment  of  the 
environment.  Typically,  where  Q CO.1.0, a 10 fold margin of safety,  minimal risk to the 
environment is expected (USEPA 199413. Based on  margins of safety  ranging  between 
about 100 and 2500 fold,  the introduction of fenbendazole is not expected to impact  the 
terrestrial environment. 

NOEC CEC 
(DDb) bob) Q 

Microorganisms 
Earthworm 
Seed Germination 
Seedling Growth' 
Dung  Beetle 

100,000 390 
56,000 390 
970,000  390 
36,000 390 
770,000  390 

0.004 
0.007 
0.0004 
0.01 1 
0.0005 

1 Based on  most  sensitive  species - tomato. 
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Summary 

Hoechst-floussel Agri-Vet Company  has shown that fenbendazole  used at the proposed 
levels will  not significantly adversely affect microorganisms, soil biota,  plants, fish or 
mammals  exposed to environmental  concentrations of the  drug that can  reasonably  be 
expected to occur.  Studies  are  included  as part of original application  NADA 128-620 (48 
FR 42809, September 20, 1983) and five studies  are  included in this supplemental 
application. 

< 

9. USE OF RESOURCES AND ENERGY: 

Fenbendazole bulk drug,  acquired from  Hoechst ERG, Frankfurt,  Germany, is formulated into 
a paste  using  common inert pharmaceutical  grade  excipients  which  are  recognized in the 
U.S.P. or N.F. Energy  requirements for manufacturing are  similar to those  which  would.  be 
used in any  conventional  pharmaceutical  operation  involved in the production and  packaging 
of liquid products.  No  irreversible  or  irretrievable  commitment of resources will be  involved 
if the proposed action should  be  implemented. 

This action will  not require  any significant use of the  environment.  There  are no 
expectations  or  evidence to expect  short-term  or  long-term effects. Therefore,  there is 
expected to be  no effect upon  the  depletion of natural resources  due to manufacture of the 
drug. 

Environmental  impact of manufacturing  process. 

No measurable effluents will result from  the  manufacturing  process  and no pollutants are 
expected. 

The manufacturing facilities in Frankfurt,  Germany,  comply with local regulations.  A 
statement by Hoechst AG to that effect is in Section A of Appendix 3. 

10. MITIGATION MEASURES: 

In light of the data presented  above,  no  such  considerations  are  necessary. 

Probable  adverse affects which  cannot be  avoided. 
No adverse effects are expected  from  the  use of fenbendazole. 
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Relationship  between local short-term uses of the  environment  and  the  maintenance  and 
enhancement of long-term productivity. 
There is  no conceivable effect of the  environment  from  either short- or long-term  production. 

/ 

Risk benefit analysis. 
The  manufacture  and distribution of the  new  drug  demonstrates no risk or potential for  risk 
to the  environment. . .  

11  .' ALTERNATIVES TO THE PROPOSED ACTION: 

Irreversible  and  irretrievable  commitments resulting from  the  proposed  action. 
Substances which constitute fenbendazole  paste  are  taken from natural resources  which  are 
either  replaceable  or  are  derived from the  most  commonly existing substances and are 
logically viewed as insignificant. 

The only  alternative to approval  of  the  New  Animal  Drug  Application is non-approval.  This 
would mean that the dairy cattle industry would not have the  choice of the use of  this drug. 
The drug will have the effect of providing an  alternative  means for deworming  dairy  cattle. 

Objections  raised  by  other  agencies,  organizations, or individuals:  Hoechst-Roussel  Agri-Vet 
Company knows of no  objections  raised  regarding  the  proposed  action. 

Hoechst-Roussel  Agri-Vet  Company  believes that an environmental  impact  statement 
(E.I.S.) is  not required for the proposed  action. 

12. LIST OF PREPARERS: 

Lawrence E. Deetz,  Ph.D. 
Research Nutritionist 
Product  Development & Registration 
Hoechst-Roussel  Agri-Vet  Company 

Springborn  Laboratories , Inc. 
Environmental  Sciences Division 
790 Main  Street 
Wareham, Massachusetts 02571 -1075 
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13. CERTIFICATION: 

The  undersigned petitioner  certifies  the  information  furnished in this Environmental 
Assessment  Report  is  true,  accurate,  and  complete to the  best of his  knowledge. 

Date -.\% --\< c\ \\?\&Y2 

Lawrence E. Deetz,  Ph.D. A 
Research Nutritionist 

14. REFERENCES: 

Summaries  of  studies  are  included in the  original  NADA 128-620  (48 FR 42809, September 
20, 1983) and the  supplemental  NADA 128-620  (53 FR 40058,  October 13, 1988). The 
following references  are  attached as part  of the Environmental  Assessment. 

1. Fenbendatole  Suspension 10% NADA 128-620 submitted  June 4, 1981,  Volume IX-8 of 
IX,  pages 332-358. 

2.  Fenbendazole  Suspension 10% NADA 128-620 submitted  June 4, 1981,  Volume  VIIII-A 
of IX, pages 782-799. 

3.  Pesticide  Registration  Rejection  Rate  Analysis  Ecological  Effects, EPA 738-R-94-035, 
December 1994. 

15.. APPENDICES: 

Attached 

. 

i 
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---> _. U.V. Absorption  Spectrum: Representative  spectrum  with  maximum 

absorptivity at 296 nm attached. 

a 

Canpound: Fenbendazole Ref. Std 

Sol vent  : Chlorofonn 
Lot f R S  2079 (Y-4139) 

Concentratfon: . 0.02 mg/mL 

Path Length: 1 cm 

Run by: R .  Heta 3/22/82 
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TO WH0.M IT' MAY CONCEILU 

lhr8 U r n z n c h a r  
Dr. SchlCT 

Production of Fenbendazole Drug Substance 

Hoechst 
Hoechat Akti~nierellrchaR 

1 

we fan^ Franldununhiam 
(069)3cs. 683 1 Aug. 17, 1994 

HOECHST AKTIENGESELLSCHAFT as the producer of Fenbendazole  drug  substance 

herewith  declares  that  the  estimated  increase of production  amounts of Fenbendazole is in 
fill compliance with environmental and  occupation safety reguIations of Germany. 

Yours  faithfblly 

HOECHST AKTIR'GESELLSCHVT 

@pa. Dr. Lehnert) &a. Dr. Schwalbe-Fehl) 

c 



APPENDIX 3 
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.. . . . _-. . . .  - .  - 
FENBENDAZOLE  SYNTHESIS - ENVIRONMENTAL  COMPLIANCE 

The purpose of this attachment is to provide a statement  that Hoechst AG is 
manufacturing the bulk drug  compound in compliance with the Environmental  Regulations 
of Germany. 

tncluded are: 

Section A - English translation of 
0 Environmental  statement 
o Listing of various German laws/regulations applicable to this 

submission. 

Section B - Signed and Sealed Certification in English and German from the 
Government of Darmstadt for manufacture of Fenbendazole by 
Hoechst AG 

Section C - Material (DIN) Safety Data Sheet (MSDS) - Bulk Product 
MSDS - PanacurB Paste 10% 
MSDS - Safe-Guard@  Paste 10%. 



SECTION A 

Statement  from  Hoechst AG that  Production  of  Fenbendazole 
is in Compliance 

with  the  Environmental  Regulations  of  Germany 
[ Regul  at i ons Incl uded] 

May 25, 1993 
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. .. .. 

TO WHOM IT MAY CONCERN 

Unsere tichen 
Dr.  Bdt./CT 

Hoechst a 

Environmental  Assessaent 

HOECHST  AXTIENGESELLSCHAFT,  as  the  producer of. drug substances 
and  finished  drug  products at  its  factory: 

HOECHST  AXTIENGESELLSCHAFT 
Hoechst Works 
.Briiningstrasse 50 
Postfach 80 03 20 
D-6 2 3 0 'Frankf urt/M. -Hijchst 8 0 
Federal  Republic of Germany 

herewith  certifies  that  the  above  mentioned  plant  is  run in 
compliance with the existing  environmental control  laws and 
regulations  of  the Federal  Republic of Germany. 
Environmental  protection  in  the  Federal  Republic  of  Germany is 
subject to a  number of laws and regulations  which  are  strictly 
enforced . 
The  most  important  ones  are listed below: 



i j ( j /  3 3 3  

Hoechst 
I-c!arcer 
TO WHOM IT MAY CONCERN Dr.  Bdt./CT May  25,  1993 

Ursere Zaicnen Oarm JIan 
2 

Immissioss,f4~E_etc-~~ 
"Gesetz zum Schutz  vor  schddlichen  Umwelteinwirkungen  durch 
Luftverunreinigungen,  Gerdusche, Erschiitterungen und  Shnliche 
Vorggnge ( llBundesimmissionsschutzgesetzll) , 
(Federal  Law  for  Protection  of  the  Environment  against  the 
Adverse  Influences  Caused  by  Contamination of the Air,  by 
Noise,  Vibration,  and  Similar Events). 
March 15, 1974, 
published in Federal Law Gazette  ("Bundesgesetzblatt") I, 721, 
corrected 1193, 
amended  May 14, 1990/Federal Law  Gazette ( llBundesgesetzblattll) 
I, 880. 

water-€!rotectiozi 
llGesetz z u 9  Schutze  des  Wasserhaushaltesl* 
( llWasserhaushaltsgesetzll) , 
(Federal  Law  for  Protection  of  Water  Resources). 
October 16, 1976, 
published in Federal L a w  Gazette ("Bundesgesetzblatttl) I, 3017, 
amended  March 28, 1980/Federal Law  Gazette  ("Bundesgesetz- 
blatt") I, 373. 

SoLiG-YasSei 
"Gesetz  zur  Vermeidung  und  Entsorgung von Abfdllen" 
("AbfallgesetzIg) , (Federal  Law f o r  Avoidance  and Disposal of 
Waste). 
August 27, 1986, 
published in Federal Law Gazette  ("Bundesgesetzblatt") I , 1718. 

\ 
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Errcia.-- 
.. . .. .- TO k$OM IT MAY CONCERN Dr. Bdt  ./CT May 2 5 ,  1993 

Unsere Zschen CarCm 3l&? 
. .  . .  P 

3 

ItTechnische Anleitung zur Lagerung, chemisch-physikalischen und 
biologischen  Behandlung und Verbrennung von  besonders iiberwa- 
chungsbediirftigen Abfillentt 
(Technical  Directions  for Storage, Treatment and Burning of 
Waste) . 
April  10, 1990, 
published in  Joint Ministerial Gazette  ("Gemeinsames Ministe- 
rialblattI1) no. 11, 170. 

- T e c h s i c a l _ D ~ E e c t i o n s - ~ ~ ~ - ~ ~ i ~ ~ ~ ~ ~ i ~ g - ~ l ~ a ~ - ~ i ~ ~  
I1Technische Anleitung zur Reinhaltung der Luft" ("TA Luft'l) , 
(Technical  Directions for Maintaining  Clean Air). 
published  in Joint Ministerial Gazette  ("Gemeinsames Ministe- 
rialblatt") 95; February 27, 1986, 
anended  in Joint Ministerial Gazette  ("Gemeinsames Ministe- 
rialbkatttt), 2 0 2 ;  April 4 ,  1986. 

- T e c h n i c a l , D l r e c t ~ o a s - ~ ~ ~ - ~ ~ l ~ e - ~ ~ ~ ~ ~ ~ ~ l o ~ ~ - -  
llTechnische  Anleitung zum Schutz  gegen LEirnrt (#ITA LBrmtl) , 
(Technical  Directions for Protection  Against Noise). 
July 16, 1968, 
published in  Enclosure to Federal  Register ("Beilage 2x11 

Bundesanzeigerl*) no. 137, 
July 2 6 ,  1968. 

- L.hgm&kla_&si 

I1GesetZ zum Schutz  vor gefahrlichen  Stoffen** 
( l*Chemikaliengesetzll) , 

1 (Federal Law for  Protection Against Dangerous  Chemicals). 
March 14, 1990, 
published in Federal Law Gazette (tlBundesgesetzblattlt) I, 521. 



TO WHOM IT X A Y  CONCERN Dr.  Bdt./CT May  25, 1993 
5TcfdrGer Unsers Zsmen CatLm P 

- R e ~ l a t i o ~ s , r o r , D a n g ~ r o ~ ~ - ~ o o ~ ~ ~  
llGefahrstoffverordnungll, 
(Regulations  for Dangerous Goods). 
April 23, 1990, 
published  in  Federal L a w  Gazette ("Bundesgesetzblatt") I, 790. 

llDruckbehdlterverordnung" , 
(Regulations  for pressurized systems, e.g. pressurized 
containers etc.). 
April 21, 1989, 
published in Federal  Law Gazette ("Bundesgesetzblatttl) I, 830. 

- R e ~ l s r ~ o n n , f o r , N o t i f ~ ~ a ~ i o n ~ - o f - ~ ~ ~ s ~ ~ o n ~ ~  
llZwdlfte . Verordnung zur Durchfiihrung des Bundesimmissions- 
schutzgesetzes" ( llSttirfallverordnungll), 
(12th  Regulation  for  the Implementation of the Federal Law fo r  
Protection of the Environment Against the  Adverse Influences 
Caused by Contamination of the Air, by Noise, Vibration, and 
Similar Events). 
May 19, 1988, 
published  in  Federal  Law *Gazette (llBundesgesetzblattll) I , 626. 

I1Verordnung iiber Anlagen zur Lagerung, Abfiillung und 
Beftirderung brennbarer Flussigkeiten zu Lande", 
(Regulations  for Facilities for  Storage,  Filling, and 
Transportation of Inflammable Liquids on Land). 
February 27, 1980, 

published  in  Federal Law Gazette ( '*BundesgesetzblattP1) I, 229, 

amended  May 3 ,  1982 in Federal  Law Gazette ("BundeS- 
gesetzblatt") I, 569. 
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E-cfdrger 
TO WHOM IT KAY CONCERN Dr.  Bdt./CT Xay 25, 1993 

Unsere Zsc9en C a m  Elar: 
5 

For  Transportation  on  the Road: 
"Gef  ahrgutverordnung StraBe'* , 
(Regulations f o r  Transportation of Dangerous Goods  on  the 
Road) . 
July 22,  1985, 
published in Federal L a w  Gazette  ("Bundesgesetzblattl*) I, 
1550, 
amended  December 21, 1987, 
published in Federal Law Gazette  ("BundesgesetzblattI8) I, 
2858. 

For  Transportation by Rail: 
"Gef  ahrgutverordnung  Eisenbahnvl, 
(Regulations  for Transportation of Dangerous Goods  by Rail). 
July 22, 1985, 
published in Federal Law Gazette  (l1Bundesgesetzblattt1) I, 
1560, 

amended  December 21, 1987, 
published  in  Federal L a w  Gazette  (llBundesgesetzblattll) I, 
2862. 

For  Transportation by  Sea: 
"Gef  ahrgutverordnung  See1*, 
(Regulations  for Transportation of Dangerous Goods by Sea). 
July 5 ,  1978, 
published  in  Federal Law Gazette  ("Bundesgesetzblatt") I, 
1917, 
amended  December 21, 1987, 
published in Federal Law Gazette  (l*Bundesgesetzblattg*) I, 
2863. 



E.?.ctar$er Unsere Zemen Carum D,hll 
TO WHOM IT MAY CONCERN Dr.  Bdt  ./CT May 25, 1993 6 

For  Transportation  on  Waterways  within  Germany: 
"Gefahrgutverordnung  Binnenschiffahrt", 
(Regulations  for Transportation of Dangerous Goods on 
Waterways  within  the Federal  Republic of Germany). 
March 2 4 ,  1983, 
published  in  Federal  Law  Gazette  ("Bundesgesetzblatt") I, 
1977, 
amended  March 16, 1989, 
published  in  Federal  Law  Gazette ( "Bundesgesetzblatt") 1 , 
489. 

Dangerous  Products  Regulations  of  the  IATA  (International 
Air  Transport Association): 
"IATA - DGR"  (Dangerous  Goods  Regulations), 
28th edition. 

R e ~ l a t i o a s - f o r _ D r ~ a ~ ~ a ¶ - ~ a ~ ~ ~ ~  
"Verordnung iiber Trinkwasser und *er Wasser fCir Lebensmittel- 
betriebe" , 
(Regulations f o r  Drinking  Water  and  for Water to be  Used in 
Food  Industries). 
May 2 2 ,  1986, 
published  in  Federal  Law  Gazette  ("Bundesgesetzblattf8)  I, 760. 

Eeeastgffs-f ~i2G1,E!.sEitionlI 
l*Futtermittelgesetzlq, 
(Federal L a w  on Feedstuffs). 
July 2 ,  1975, 
published  in  Federal Law Gazette  ("Bundesgesetzblatt") I, 17458 
and : 
tlFuttermittelverordnung", 
(Regulations  on Feedstuffs) . 
April 8, 1981, 
published  in  Federal Law Gazette  ("Bundesgesetzblatt") I, 352. 
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Errc!ar er 
TO  OM IT MAY . CONCERN Dr.  Bdt ./CT May, 2 5 ,  1993 

Unsere Zacren Oaturn Jar: 
7 

c 

Verordnung iiber Arbeitsst5tten" ( 11Arbeitsst5ttenverordnung1t) , 
(Regulations  for  Work Places). 
May  20,  1975, 
published  in  Federal L a w  Gazette (loBundesgesetzblattlo) I, 729. 

Dru¶-kWl 
"Gesetz m e r  den  Verkehr  mit Arzneimitteln1I ("Arzneimittelge- 
settll) , (Federal  Law for Handling  of  Drugs) . 
August  24,  1976, 
published in Federal  Law  Gazette  ("Bundesgesetzblatt") I, 2445, 
2448, 

last  amendment  April 11,  1990, 

published  in Federal Law  Gazette (toBundesgesetzblattll) I, 717; 

and : 

"Betriebsverordnung fiir pharmazeutische  Unternehmerll, 
(Operations  Ordinance  for Pharmaceutical  Entrepreneurs). 
March 8 ,  1985, 
published  in  Federal Law Gazette ( llBundesgesetzblattll) I, 546, 
(and  amendments) . 

Yours  faithfully 
HOECHST  AKTIENGESELLSCHAFT 

(Dr. Schiitte) (ppa . Dr.  Bauerschrnidt) 
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SECTION B 

Certification  from  the  Government  of  Darmstadt  (Federated  State  of Hesse) 
Specific  for  the  Manufacture of Fenbendazole by Hoechst AG 

at Frankfurt,  Germany 

Dated August 8,1994 
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u - n g s p r a s i d i u m  
a d t  

11 16 e - 18 I. C2/03 ( a )  - FA 49 Telephon: (06151)  12 62  42 
12 53 13 

Telefax: (06151) 12 57  89 

1. ConfF-?ation 1. BestStiounq 

In   the   Federa l  Re-luSlic of Germany t h e  Piir 'die  Ausstellung und 3 e s = a t i p o g  van 

supreme Xealth  Authority  of  each  indivi- Urkunden  und' Unterschriften iiber d i e  Eer- 

dua l   federa l  sta te  is res-pns ib le   for  s te l lung und den Vertrieb von h-zneimit- 

i s su ing  and conf i -dng  documents, for t e l n ,  pharmazeutischen  Rohstoffen, Le- 

signatrtres to confi-- for   the  product ion bensmizteln und Xosmetika s ind  i n  de: 

and d i s t r i h t i o n  of medi=ines, phazmaceu- Bundescepublik  Deutschlhqd die 3undesl;in- 

' \ t i c a l  :aw rnaferials, food s t u f f s  a?d der  rustandig. 
cosme:F=s. 

?or t he  Sir d i e  ?i-ma 

Hoechst  2lktiengesellschaft 

Briipgingstt- 50 

0-65926 PraPtfurt/Xain 

H0echst Aktiengesel lschaft  

Brulmlgstr. 50 - .  
D-65926 Prankfurt/nain 

cy office is =he =espons3le   authcr i ty .  A is= mei.? Eiaus d i e  zuszancige 3ehCr"e. 3:- 

second  car.firma=ior: of a c e r t i f i c a t e  n e  Uberbeplaubipng  eines von mir assqe- 

issued oz ce,-tifiect by my o f f i c e  by a su- s t e l l t e n  ode: beglaubiqzes  Zer;ifikazea 

pez ior   federa l   au thot i ty  is not  neceqsary  scheidet in *rigen aus  Srundsazzlichan 

and will not  be ca r r i ed   ou t   fo r  fundamen- . Erwagungen aus. 

t a l   r e r s o n s .  

Recipiocf  of this documeot: 

To whom i+ may concezn. 

For r eg i s t r a t ion  and a l l   o f f i c i a l  purpo- 2u.Registrietungs- und a l l e n  amtli=.L.o:: 

ses i n  Zwecken i n :  

United States  of America. Vereinigte Staaten oon Amerikr 
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2 .  statec3en: of ~a~ufaccut inc /ProcessLnq 2. Herstell-/VerkaufsSescheinianq 

Sales  A=tivF:ies Verkaufsta=iokeit 

The Hoechst AG is i n  t5e Pedetal  Repub- D i e  Pirna  Hoechst AG f s t   i n  der Bundesre- 

l i c  of Ge-many an ackzowledged pharinaceu- publik  Deutschland e i n e  anerkannte pha=- 
t i c a l  aad  chemicat  factory. They have mazeutische und chemische  Fabrik. Sie ha= 

pe-qission t o  produce ?ha-?naceutical p ro- .  die Erlaubnis  zuf  Berstellung von ArzneF- 

duczs ( S  13 D r u g  Law). mit te ln  ( S  13 u ine imi t t a lgese t z ) .  

They aze producing  cheaical  and pharma- Sie s te l l t  chernisch-?ha-zmazeutsiche Roh- 

=eu:ical taw mater ia ls  for t h e  manufac- materialien z u r  r 'akikat ior ,  oca A-rnei- 

l t u t e  of Chished  ?ta,3aceutFcal  aroducts, mit te ln  und Kosmetika  sowie ieSensmFt:el- 

cosme=i=s and fccd-a<dl=ives.  zusatzstoffe  her. 

?hey a:e sa rke t izg  ~ ? d  sell irrg  these pro- Sle verkauft und ver t re ib t   d iese   ? rcdxkte  

ducts a= home ax! abroad. im Inland und im Ausland. 

3 i s  is =a ce-+-ify  =:la= t h e  Hoechst AG Hie-mFt wird de= Fi-?a Hoechst AG besza- 

holds a aanufaczuriag  l icence  as a phar- tigt, da!3 sie a l s  ?ha-zmareutischer %e=- 

maceuzical  manufacturer  according t o  S 13. s t e l l e rbe t r i eb  im Besi tz   e iner  Herstel- 

of t h e  Drug tar from August 24 t h   i n  1976 lungserlaubnis  gems 13 des Gesetzes 

(3GBL. I, page 2445) .  uber  den  Verkehr m i t  Arzneimitteln vom 
. .  24.08.1976 (3G31. I, S. 2 4 4 5 )  ist.  

iC is certified, tha= Es wird bestztigt, daO 

a) the   maxfac tuz ing   p lan t ,  i n  which t h e  a) der   Hers te l le rbe t r ieb ,   in  &em das ?ro- 

product is grcduced is s u b j e c t   t o   i n -  . dukt  hergeszellt  wird,  in  angenessenen 

s j ec= ions   a t   s c i t ab le   i n t e rva l s ,  Abstanden iiberwacht w i r d ,  

,,i 
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0 9  i 1 4 2  

b )  . t h e   m a m f a c t u r e r   c o ~ f o m s  to require- b )  der Hersteller h ins ich t l ich   der ,Pro-  

ments f o r  good' p r a c t i c e s   i n  maaufdc- dukte ,   d ie  im Herkunftsland verkauf: 

t u r e  and qual i ty   con=rol ,   as  recom- und ve-rtrieben werden oder fur die 

mended  by t h e  World Eiealth  Organi- Ausfuhr  vorgesehen  sind,  den  von  der 

za t ion ,   in   respec t  05 products to be Weltgesundhettsorganisation empfohle- 

sold' or distributed  within  the  country . nen Grundregeln fur die   Herstel lung 

of o t i g i n   o r  t o  be exported. . von Arzneimitteln und d i e  Sicherung 

ihrer Qualitat   entspricht.  

4.  Product list 4. AufzXhluna der  Produkte 

This  ce--tificate  refers f o  the  following Diese Bescheinigung g i l t  fiir folgendes 

\ 
product : 

Penbendazole. 

Produkt : 

Penbendazol . 

Im Aufgrage 
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SECTION C 

Material (DIN) Safety  Data  Sheet (MSDS) 

Summary o f  Physicochemical  Properties o f  Fenbendazole 

Procedures  for  Processing  Waste 
(incineration,  landfill,  microbial/chemical  treatment) 

Environmental  Safety  Data 
(toxicological,  ecological) 

Dated  October 28, 1991 

MSDS - Panacur@  Paste  10% Dated September 8,1994 

MSDS - Safe-Guard@  Paste  10%  Dated June 3, 1994 
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Hoechst-Roussel Agri-Vet Company 
Roussel A 

~\ 
i 

Product.  Name :.$ FENBENDAZOLE ’ 

Product  Code: 101870 
MSDS Number : 00601 
Version  Date: 05/16/1995 Page 1 of 6 

Material  Safety  Data  Sheet 
Prhl We- M y  17m, 1995 2X6 p.m PS PSA PSW - 1.1 (1s) 

----- 1. CHEMICAL  PRODUCT and COMPANY  IDENTIFICATION - 
Product:  Name: FENBENDAZOLE 
Product Code: 101870 
MSDS Number t 00601 

SYNONYMS: FENBENDAZOLE 
METHYL-5-PHENYLTHIO-2-BENZIMIDAZOLE-CAFSAMATE 

HOECHST-ROUSSEL  AGRI-VET  COMPANY 
ROUTE 202-206 
P.O.  BOX 2500 
SOMERVILLE,  NJ 08876-1258 
UNITED  STATES 

PRODUCT  USE : 
Fenbendazole  is  the  active  ingredient  in  Panacur(R)  and 
Safeguard(R)  products,  which  are  animal  dewormers. 

-----..--uIII 2. COMPOSITION / INFORMATION on INGREDIENTS -- 
COMPONENT 
FENBENDAZOLE 

CAS NUMBER 
43210-67-9 

EMERGENCY OVERVIEW: 
Fenbendazole  is  a  solid  which  is  non-reactive,  relativley 
non-toxic,  and  insoluble  in  water. 

POTENTIAL HEALTH EFFECTS 
There  are  no  known  adverse  health  effects  associated  with 
this  product. 

DELAYED/LONG TERM EFFECTS 

.., f EMERGENCY: HUMAN, FIRE, S P I L L  OR ENVIRONMENTAL: 1-800-228-5635 EXT 132  24 HRS 
j ANIMAL: 1-800-345-4735 EXT 104 24 HRS 

PRODUCT INFORMATION: 1-800-247-4838 9 : 0 0  A.M. - 5 : O O  P.M.  EST 

The Hoecnsl name  and logo .ye regastered trademarks 01 Hoechst AG. 
The  name  and logo ROUSSEL are registered trademarks of Roussel Udal SA. 
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Hoechst-Roussel Agri-Vet Company Hoechst ' 1 4 5  

Roussel A 

Product  Name: FENBENDAZOLE 
Product  Code: 101870 
MSDS  Number : 00601 . 
Version  Date: 05/16/1995 Page 2.0f 6 

P h t  date- M a y  17th. 1% 205 p.m PS PSA PSFHV - 1 2  (ys) 

_I__ 3. HAZARDS  IDENTIFICATION (Continued) 

CARCINOGENIC: 

This  product  is  not  considered  a  carcinogen  and is not 
listed  by OSHA, IARC  or NTP. 

-=- 4. FIRST AID MEASURES -- - 
SKIN: 

Wash  with  soap  and  water.  If  irritation  develops,  get 
medical  attention. 

EYES : 
Flush  with  water  for 15 minutes.  If  irritation  develops, 
get  medical  attention. 

INHALATION: 
In  cases of difficult  breathing,  remove  to  fresh  air. If not 
breathing,  give  artificial  respiration  and  get  medical 
attention  immediately. 

INGESTION: 
If  conscious,  give  water  to  drink  and  induce  vomiting. 
Never  give  anything  by  mouth  to  an  unconscious  person. 
Contact  medical  personnel  for  observation or treatment as 
needed. 

NOTE TO PHYSICIANS: 
Fenbendazole  is  a  broad  spectrum  anthelmintic  approved f o r  
use  in  animals.  It  is  non-toxic. 

----------------- 5. FIRE  FIGHTING  MEASURES --- 
FLAMMABLE  PROPERTIES 

Spontaneous  ignition  point: 230OC. 

EXTINGUISHING MEDIA: 
Water,  Water  mist,  alcohol  foam, of dry chemical. 

j P EMERCENCY: HUMAN, FIRE, SPILL OR ENVIRONMENTAL: 1-800-228-5635 EXT 132 24 m s  
1 ANIMAL: 1-800-345-4735 EXT 104 24 HRS 

PRODUCT INFORMATION: 1-800-247-4838 9:OO A.M. - 5 : O O  P.M. EST 

The name and logo ROUSSEL are registered tradenurh of Roussel Udal SA 
The  Hoechsl name and lcgo are regtstered  trademarks d Hotchsl AG. 
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. Hoechst-Roussel Agri-Vet Company Hoechst 
Roussel A 

Product Name: FENBENDAZOLE 
Product Code: 101870 
MSDS Number : 00601 
Version Date: 05/16/1995 - Page 3 of 6 

Prill date -- May 171h l a s s  2 s  p.m PS PSA PSFHV - 1.3 0 

5. FIRE  FIGHTING  MEASURES  (Continued) 

FIRE FIGHTING INSTRUCTIONS: 
Wear full bunker gear, including SCBA, for fighting fires 
involving this material. Keep upwind. 

-- 6. ACCIDENTAL  RELEASE  MEASURES 

PROCEDURES  IN CASE OF SPILL OR LEAK: 
Sweep  and shovel up spilled material. Place in a secure 
container for disposal. 

-- -------- 7. HANDLING  and  STORAGE --- 
HANDLING: 

Flow of material  may  generate static electricity. Do not 
pour contents into vessels containing flarmnable liquids or 
vapors. 

STORAGE : 
Store at  room temperature. Keep material dry. Protect 
containers from damage. 

-------UI_ 8. EXPOSURE  CONTROLS / PERSONAL  PROTECTION ----- 
PROTECTIVE  EQUIPMENT 

EYES : 
Prevent eye contact by  wearing appropriate eye protection 

and  by using good work  practices. 
. .  for handling tasks (safety glasses, goggles, or face shield) 

INHALATION: 
Avoid breathing dust. Wear dust respirator if local exhaust 
ventilation is not available. 

) .' EMERGENCY: HUMAN, FIRE,  SPILL OR ENVIRONMENTAL: 1-800-228-5635 Exp 132 24 HRS 
ANIMAL: 1-800-345-4735 EXT 104 24 HRS 
PRODUCT INFORMATION: 1-800-247-4838 9:OO A.M. - 5 : O O  P.M. EST 

The name and bgo ROUSSEL  are  registered  tradernarks of Roussel Udal SA. 
The' Hoedst name  and logo are regoslered trademarks 01 HOechSI AG. 
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Hoechst-Roussel Agri-Vet Company Hoechst 
Roussel A 

, .  

Product Name: FENBENDAZOLE 
Product Code: 101870 
MSDS Number : 00601 
Version Date: 05/16/1995 Page 4 of 6 

print date - May 17Ih. 1995 205 p.m PS PSA PSFHV - 1.4 (us) 

- 9. PHYSICAL  and  CHEMICAL PROPERnES --on- - 
Melting Point: 200  degrees  C 
Odor : Odorless 
Physical Form: Solid 
Solubility: Insoluble in water 

-- 10. STABILITY  and  REACTIVITY - 
CHEMICAL STABILITY: 

Stable 

HAZARDOUS POLYMERIZATION: 
Will not occur. 

--------- 11. TOXICOLOGICAL  INFORMATION ----- ----- 
Oral LD50 : rat greater than 10,000 mg/kg 
Oral LD50 : mouse greater than  10,000  mg/kg 
Skin irritation: negative 
Eye irritation: negative 

ECOTOXICITY: 
Fish Toxicity (LCSO): >SO0 mg/l (Zebrafish) 48 & 96 hrs. 
Daphnia  Toxicity (LCSO): 12 micrograms/l 48 hrs. 
Trout  Toxicity (LCSO): 40  micrograms/l 96 hrs. 
Bluegill  Sunfish  Toxicity (LCSO): >19  micrograms/l 21 days. 
Earthworm  Toxicity (LCSO): 180 mg/kg 28 days 
Dung Beetle  Toxicity (LDSO): >770 mg/kg 7 days 

Note: Fenbendazole  can be eliminated in water treatment 
plants. 

. EMERGENCY: HUMAN, FIRE,  SPILL OR ENVIRONMENTAL: 1-800-228-5635 ExT 132 24 HRs ]li ANIMAL: 1-800-345-4735 EXT 104 24 HRS 
PRODUCT INFORMATION: 1-800-247-4838 9 : O O  A.M. - 5:OO P.M. €ST 

The name  and logo ROUSSEL are  regmered lrademrb 01 Roussel Udal SA. 
The Hoechd name  and logo are  regtsbfed  trademarks 01 Hoechs1 AG. 000050 



Hoechst-Roussel Agri-Vet Company Hoechst @ " i  7 4 8  

Roussel 

Product  Name:  FENBENDAZOLE 
Product  Code: 101870 
MSDS Number : 00601 
Version  Date: 05/16/1995 Page 5 of 6 

Ptintdate-Mayl7lh.19852Sp.mPSPSAPSFMl -I.S(tiB) 

-- 13. DISPOSAL  CONSIDERATIONS - 
Waste  should  be  incinerated. 

- 14. TRANSPORT  lNFORMA77ON 

DOT  proper  shipping  name  :Not  regulated  by  DOT 

-- - 15. REGULATORY  INFORMATION - 
STATE  REGULATIONS 

The following  chemicals  associated  with  the  product  are 
subject  to  the  right-to-know  regulations  in  these  states: 
No  components  regulated 

0.S. FEDERAL REGULATIONS 

SARA 313 : No components  listed 

W S I O N  INDICATORS: 
The  following  sections  have  been  revised: 

SECTION 12: ECOLOGICAL INFORMATION 
ECOTOXICITY 

DISCLAIMER: 
These  data  are  based  on  today's  state of the  art.  They  are 
intended  to  describe  our  products  with  regard  to  safety 
requirements  and  do  not  therefore  have  the  connotation  of 
guaranteeing  certain  properties. 

The  information  contained  herein  is  offered'  only  as a 
guide  to  the  handling of this  specific  material.  Since 
such  information  does  not  relate to use of the  material 
with  any  other  material  or  in  any  process,  any  person 
using  this  information  must  determine  for  him  self  its 
suitability  for  any  particular  application.  The  buyer  and 
user  assumes  all  risk  and  liability of use,  storage  and/or 
handling  of  this  product  not  in  accordance  with  the 

EMERGENCY: HUMAN, FIRE, S P I L L  OR ENVIRONMENTAL: 1-800-228-5635 EXT 132 2 4  HRS 

PRODUCT INFORMATION : 1-800-247-4838 9:00 A . M .  - 5:OO P.M. EST 
ANIMAL : 1-800-345-4735 EXT 104  24 HRS 

The name  and logo ROUSSEL are  registered  trademarks 01 Rwssel Udal SA 
The Hoechst name  and bgo are registered  trademarks ol Hoechst AG. 
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Hoechst-Roussel Agri-Vet Company 
Roussel A 

Prod& N&e'i FENBENDAZOLE 
Product  Code: 101870 
MSDS Number : 00601 
Version  Date: 05/16/1995 Page 6 of 6 

Rintdata-hhyl7th,i19952%5p.mPSPSAPSFHV -1.6(6%) 

DISCLAIMER: (Continued) 
terms of the  product label. 

,) a EMERGENCY: HUMAN, FIRE, SPILL OR ENVIRONMENTAL: 1-800-228-5635 EXT 132  24 HRS 
ANIMAL : 1-800-345-473s EXT 104 24 HRS 
PRODUCT INFORMATION: 1-800-247-4838 9:OO A.M. - 5:OO P.M. EST 

The name and logo ROUSSEL are registered  tradenurlrt of Rousset Udal SA. 
The Haechsl name and bgo are  registered  trademarks 01 Hoechsl AG. 
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Hoechst-Roussel Agri-Vet Company Roussel A 
?roduct Name: PANACXC3 (FZNBEBDAZOLZI PASTE 10% 
Prcduct Code: 20103568 
HSOS Nuxber : 00757 
'Version Date: 09/08/1994 Paga 1 .of 4 

Material  Safety  Data Sheet 
ma a m  .- Saptmbn 2311. !W 1.06 am. 3820 FGTA XOH21001 - 14.1 (62036) 

.................... I .  CHEMICAL PRODUCT and COMPANY IDENTIFICATION ...................... 

PROEGCT USE: 
This prsduct Is a deworner (anthelsintic)  for horses and 
catile. 

....................... 2. COMPOSITION I INFORMATlON on INGREDIENTS .......................... 

CCW30NLVT 
F3iSENCAZCL.E 

CAS NUKBER 
43210-67-9 

EMERGENCY OVERVIEW : 
Fenbendazoie is non-reaczive and relatively non-toxic. 

POTENTIAL HEALTH EFFECTS 
There  ara n3 known adverse health effects associated  with 
this product. 

DELAYED/LONG TERM EFFECTS 

e EXERGENCY: RCMAN, F I Z Z ,   S ? i L L - O P ,  ENVIRONMEX'AL: 1-300-223-5635 EX': 132 24 H R 3  
ANI.WL : 
PRCCGCT I N f O P 3 A T i O S  : 

1-8.00-345-4735 EXT 104 24 HRS 
1.aoo-a47-4a33 9:oo A . M .  - s:oo P . X .  Esr 
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Hoechst-Roussel Agri-Vet Company 
'i 

Hoechst hi, ' 
Roussel A 

,) 

Prodxt Name:  PA~,CUP;S ( F Z M B E ~ ~ A Z G L Z )  PASTZ 10% 
Prodiict  Code: 20103555 
MSDS XL'umber : 00757 
Version  Date: 09/05/1994 Page 2 of 4 

Rlrn date - Septenber 29111. 1 9 9 4  1.08 a.m. 3820 PGIA XOtiZlCOl .- 14 Z :Q33@ 

SKIN : 
Wash  with  soap  and  water.  If  irritatior,  develops,  get 
medicai attectim. 

GlES : 
Flush  with wate:: for 15 minutes.  If  irritation  develops, 
get medical  attentian. 

INHALATION : 
Ia cases of difficult  breathing,  remove  to  fresh  air. If not 
breathing,  give ar:iflcial respiration  and  get  medical 
attention  iimediattiy. 

INGESTIOS: 
If conscious,  give  water to drink  and  induce  vomiting. 
Sever  give  anytking by mouth  to  an  unconscious  asrson. 
Corrtact  medical ;ernoxel  for  obserratior?. or treatment  as 
needec!. 

NOTE TO PHYSICIANS: 
ienbendazols  is a broad  spectrum  anthelmintic  approved for 
use in  ar,ima;s. 1; is con-toxic. 

EXTINGUISHING XEDIA: 
Water,  Water  nist,  slcshol  faam, or dry chemical. 

FIRE  FIGHTING  INSTRUCTIONS: 
Wear  full  bunker  qsar,  includiag  SCBA,  for  fighting  fires 
involving  large pantities of  this  material.  Keep  upwind. 

PROCEDURES IN CASE OF  SPILL OR  LEAX: 
Cleaa  up  spilled  rnaLeria1.  Place  in  a  seCure'contaiP,er for 
disposal. 

000054 
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Hoechst-Roussel  Agri-Vet Company Roussel A 
Product  Name:  PAXACUK.3 (PEXZEYCAZOLE) PASTE 104 
Product  Code: 20103563 
MSDS ?iu...er : 00757 
Version  Date: 09)08/1994 Page 3 of 4 

STORXGE I 

Store at room tenperatcre.  Keep material dry. Protect 
coctai3ers  from  damage. 'Keep out of reach of  children. 

PROTECTIVE E Q U I m b T T  
For  Bulk  Use: 

EYES : 
Pzevent  %ye  colltact by wearing  appropriate  eye  protection 
for  handling  tasks  {safety glass~s, goggles,  or  face  shield) 
and  by  using  good  work  practicas. 

APTSARFdCE : White ts off-white 
OCOR : apgie - cinnanor, 

PH : 5.0 TO 7.0 
PHYSICAL STATZ : pasta 

CHEMICAL STABILITY: 
Stable 

Oral LDSO 
Oral LDSO 

: rat g r o a t e r  tkan 10,090 mg/kg 
: mouse  greater  than 19,CC)C rng/kg 

Skin  irritation:  neqativa - 
Eye irritatica:  ccqative 

The name and lop0 qOUSSEL PTO regstored trademarks or ?ours& Ucld Y. 
The HoechC n m e  end logo %e regi.tarad trademak. d Hoechsf AG. 

000055 



Hoechst-Roussel Agri-Vet Company 
'I 
,/ 

Roussel A ~ 

Waste  should  be  incinerated. 

CCT proper  shl2,aing r;me :Nzt regulated by DOT 

STATE REGULATIONS 
m- .nt foiiowing  chemicals asscdated with  the  product  are 
subject  to  the right-to-kcow rsgulstiona  in these states: 
No cornponest;  regulaced 

U . S .  FEDERAL REGULATIONS 

SA.= 3i3 : No coinponents  listed 

D I  SCLARdZR : 
Ths ir.formation  contained  herein  is  cffered  only  as 3 
guide  to  the  handling of this  speziEic  material. Since 
such iofomation does  not  relate  to us8 of  the  material 
with  any  ctner  material or in  any  process,  any  perszri 
usicq  this  infornatior,  must  determine for himseif  its 
suitability  for  asy  particular  application. The buyer acd 
usar assuTes all risk and  liability  of use, storage  and/or 
handling  of  this  product  not  in  accordacce  with  the 
terns of  the  product  labei. 

DlERGENCY: :ZJ?L4!?, F I R E ,   S P I L L  OR ENV1RCX"ENTAL: 1.800-223-5635 EXT 1 3 2  24  E R S  
ANLXAL : 
PRODCCT IBFOP3UTiON:  1 - 8 0 0 - 2 4 7 . 4 8 3 8  9 : O O  A . M .  ~ 5 : O O  P . M .  EST 

.J 
1 - 8 0 0 - 3 4 5 - 4 7 3 5  EXT 104 a 4  HRS 
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Hoechst-Roussel  Agri-Vet Company Hoechst 
--) RausselA 

.. . 

Product .~&'e: SAFE-GUARD@ (FENBENDAZOLE) PASTE 10% 
Product Code: 2030 3543 
MSDS Number : 
Version Date: 0 6 / 0 3 / 1 9 9 4  Page 1 of 4 

Material  SafetfData  Sheet 
Print date- June 7th. 1994 1040 am PS PSA PSFHV - 1.1  (114) 

------n-n-- 1. CHEMICAL  PRODUCT and COMPANY  lDENTlFlCATlON ----------- 
SYNONYMS: FENBENDAZOLE 

M E T H n - 5 - P H E N Y L T H I O - 2 - B E N Z I M I D A Z O L E - C A R B ~ ~  

HOECHST-ROUSSEL AGRI-VET COMPANY 
ROUTE 202-206  
P.O. BOX 2500  

UNITED  STATES 
SOMERVILLE, NJ 08876-1258 

PRODUCT USE: 
This product is a  dewormer  (anthelmintic) for horses and 
cattle. 

n-------n--..-n 2. COMPOSITION / INFORMA  TlON on INGREDIENTS --------------- 
COMPONENT 
FENBENDAZOLE 

CAS NUMBER 
43210-67-9 

POTENTIAL 

OVERVIEW: 
Fenbendazole is non-reactive and relatively non-toxic. 

HEAtTH EFFECTS 
There  are no known adverse  health effects associated  with 
this product. 

DELAYED/LONG  TERM  EFFECTS 

CARCINOGENIC: 

This product is 
listed by OSHA, 

not considered a carcinogen and is not 
IARC or NTP. 

~~ ~~ ____ ~~ ~ ~ ~~ 

EMERGENCY: HUMAN, FIRE, SPILL OR ENVIRONMENTAL: 1-800-228-5635 EXT 132  24 HRS 
ANIMAL: 
PRODUCT INFORMATION: 

1-800-345-4735 EXT 104 24 HRS 
1-800-247-4838 9:00 A.M. - 5:OO P.M. EST 

The  name  and logo ROUSSEL are regislered trademrks of Rousvl Udaf SA 
The HcuhsI name  and bgo are registered  trademarks ot Hoechst AG. 
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Hoechst-Roussel Agri-Vet Company Hoechst 
RousselA 

Product  Name:  SAFE-GUARD@  (FENBENDAZOLE)  PASTE 10% 
Product  Code: 2030 3543 
MSDS Number : 
Version  Date: 06/03/1994 Page 2 of 4 

Print date - June 7th, 1994 104.9 a m  PS PSA P S W  - 1.2 (U4) 

----------------- 4. FIRST  AID  MEASURES ----------------- 
SKIN : 

Wash  with  soap  and  water. If irritation  develops,  get 
medical  attention. 

EYES : 
Flush  with  water  for 15 minutes. If irritation  develops, 
get  medical  attention. 

INHALATION: 
In  cases of difficult  breathing,  remove to fresh  air. If not 
breathing,  give  artificial  respiration  and  get  medical 
attention  immediately. 

INGESTION: 
If  conscious,  give  water to drink  and  induce  vomiting. 
Never  give  anything  by  mouth  to  an  unconscious  person. 
Contact  medical  personnel  for  observation  or  treatment  as 
needed. 

NOTE TO PHYSICXANS: 
Fenbendazole is a broad  spectrum  anthelmintic  approved  for 
use in  animals. It is non-toxic. 

EXTINGUISHING MEDIA: 
Water,  Water  mist,  alcohol foam,*or dry  chemical. 

FIRE FIGHTING INSTRUCTIONS: 
Wear  full  bunker  gear,  including  SCBA,  for  fighting  fires 
involving  large  quantities of this  material.  Keep  upwind. 

------------------- 6. ACCIDENTAL  RELEASE  MEASURES --------- 
PROCEDURES IN CASE OF SPILL OR LEAK: 

Clean  up  spilled  material.  Place  in a.secure container  for 
disposal. 

) EMERGENCY: HUMAN, FIRE, SPILL OR ENVIRONMENTAL: 1-800-228-5635 EXT 132 24 HRS , ANIMAL: 1-800-345-4735 EXT 104 24 HRS 
PRODUCT INFORMATION: 1-800-247-4838 9 : O O  A.M. - 5 : O O  P.M. EST 

The name  and logo ROUSSEL are registend trademark d Rousscl U d a f  SA 
m e  Hoedst name  and bgo are registered  trademarks of Hocchd AO. 
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Hoechst-Roussel  Agri-Vet Company Hoechst 

Product  Name: SAFE-GUARD@ (FENBENDAZOLE)  PASTE 10% 
Product  Code: 2030 3543 
MSDS  Number : 
Version  Date: 06/03/1994 Page 3 of 4 

Print  date - June 7th, 1994 1 0 4 9  a m  PS PSA P S W  - 1.3 (Yr) 

--------------- 7. HANDLING and STORAGE ------------ 
STORAGE : 

Store  at  room  temperature.  Keep  material d r y .  Protect 
containers  from  damage.  Keep  out of reach of children. 

----I------ 8. EXPOSURE  CONTROLS / PERSONAL  PROTECTION -------- 
PROTECTIVE EQUIPMENT 

For  Bulk  Use: 

EYES : 
Prevent  eye  contact  by  wearing  appropriate  eye  protection 
for  handling  tasks  (safety  glasses,  goggles,  or  face  shield) 
and  by  using  good  work  practices. 

-----n-n-----n-- 9. PHYSICAL and CHEMICAL  PROPERTIES --------------- 
APPEARANCE : White to off-white 
ODOR : apple-cinnamon . 
PHYSICAL  STATE : paste 
PH : 5.0 TO 7.0 

CHEMICAL STABILITY: 
Stable 

HAZARDOUS POLYMERIZATION: 
. .  Will  not  occur. 

Oral  LD50 : rat  greater  than 10,000 rng/kg 
Oral  LD50 : mouse  greater  than 10,000 mg/kg 
Skin  irritation:  negative 
Eye irritation:  negative 

' \  a EMERGENCY: HUMAN, FIRE, SPILL OR ENVIRONMENTAL: 1-800-228-5635 EXT 132  24 HRS 
I ANIMAL : 1-800-345-4735 EXT 104 24 HRS 

PRODUCT INFORMATION: 1-800-247-4838 9 : 0 0  A.M. - 5:OO P.M. EST 

The name  and logo ROUSSEL  are registered tradefrerb of Roussd Udal SA. 
The Hoechs name 'and logo are regisrered trademarks of Hocshst AG. 



Hoechst-Roussel Agri-Vet Company Hoechst 

Product  Name: SAFE-GUARD@ (FENBENDAZOLE) PASTE 10% 
Product  Code: 2030 3543 
MSDS Number : 
Version  Date: 06/03/1994 Page 4 of 4 

Print date - June 7th. 1994 1049 a m  PS PSA PSFHV - 1.4 (U4) 

-- --- 12. ECOLOGICAL  INFORMATION -------- - 
ECOTOXICITY: 

LC 50: Greater  than 500 mg/l ( 4 8  and 96 hrs)  (Zebrafish) 

- - 13. DISPOSAL  CONSIDERATIONS -1_n-n-- 

Waste  should  be  incinerated. 

-.----e-.--- 14. TRANSPORT  INFORMATION -------------- 
DOT  proper  shipping  name  :Not  regulated  by  DOT 

STATE  REGULATIONS 
The  following  chemicals  associated  with  the  product  are 
subject  to  the  right-to-know  regulations  in  these  states: 
No components  regulated 

U . S .  FEDERAL RECULATIONS 

SARA 313 : No  components  listed 

DISCLAIMER: 
The  information  contained  herein  is  offered  only  as  a 
guide to the  handling of this  specific  material.  Since . 
such  information  does not relate  to  use  of  the  material 
with  any  other  material  or  in  any  process,  any  person 
using  this  information  must  determine  for  himself  its 
suitability  for  any  particular  application.  The  buyer  and 
user  assumes  all  risk  and  liability  of  use,  storage  and/or 
handling of this  product  not  in  accordance  with  the 
terms  of  the  product  label. 

e EMERGENCY: HUMAN, FIRE, SPILL OR ENVIRONMENTAL.: 1-800-228-5635 EXT 132 24 HRS 
ANIMAL : 1-800-345-4735 EXT 104  24 HRS 
PRODUCT INFORMATION: 1-800-247-4838 9:00 A.M. - 5:OO  P.M. EST 

The name and logo ROUSSEL  are registered t r a d e m a r k s  d Routtcl Uclaf SA 
The Hoachst name  and b o  am registered  trademarks of H c u h s i  AQ. 
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P;LVACUR@ (fenbendazole) Paste 10Y0 

NADA 132-872 

Form FDA 356V 
Chemistry, Manufacturing, and Controls 

Supplement 
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ITEM 

PANACURB (fenbendazole) Paste 10% 

NXDA 132-872 

TABLE OF CONTENTS 
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PANXCURO (fenbendmole) Paste 10% 

NADA 132-872 

This present submission is a Supplement to NADA 132-872- for PrLUACURQ3 
(fenbendazole) Paste 10% (approved February 29, 1984). This supplemental  submission 
is for  the use of PAi’ACUR@ (fenbendazole) Paste 10% in  dairy cattle of breeding age. 
Information is submitted in this Supplement as it pertains to the  entironmental assessment 
for manufacturing of bulk PAX4CLX.B (fenbendazole) Paste 10% (drug  product)  at 
Hoechst-Roussel Pharmaceuticals  Inc. (HRPI), Somewille (Bridgewater), Sew Jersey and 
filling of bulk product into  multi-dose  syringes  (92-g)  and cartridges (240-g) at PAC0 
Pharmaceutical Senices, Inc., Lakewood, New Jersey. 

Supporting information for the Supplement  is  being  submitted in Item 10 of the NXDX. 
All other information in the NADA remains  unchanged. For convenience in FDA review, 
the information has been  organized in accordance with the original FDA Form 356V. 
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PANACURB (fenbendazole)  Paste 10% 

NADA 132-872 

Form FDA 356V 
Chemistry,  Manufacturing,  and Controls 

Supplement 

Item 10 



PANACUR Paste 10% 
NADA 132-872 
Form FDA 356V 

(10) ENVIRONMENTAL ASSESSMENT (EA) 

The bulk  formulation  and  quality control testing of  the  drug  product, 

are performed by Hoechst-Roussel Pharmaceuticals  Inc. (HRPI) at  their facility in 
Somerville (Bridgewater), New Jersey.  The  filling  and packaging of bulk product 
into syringes and cartridges are performed by  PACO Pharmaceuticals Services, 
Inc.  at  their facility in Lakewood, New  Jersey. 

. .  PAi'i'ACUR@ (fenbendazole) Paste 10% in syringes  (92-g) and cartridges (290-g), 

Revised  Environmental  Assessment  information regarding the  operations 
performed at  HRPI-and PACO,  including  disposal operations, is submitted in the 
attached EA Report, dated December 1, 1993. 
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Abbreviated  Environmental Assessment  (EA) 
Information 

PXNACURB (fenbendazole) Paste 10% 

NADA 132-872 

Items 1-5: 21 CFR Section 25.31 a (a) 

1. ' DATE: December 1, 1993 

2. NAME OF APPLICANT/PETITIONER: - - .  

Hoechst-Roussel Pharmaceuticals Inc. 

3. ADDRESS: 

Route 202-206 
P.O. Box 2500 
Somerville (Bridgewater), XJ 08876-1258 

4. DESCRTPTIOY OF THE PROPOSED ACTION: 

Briefly  describe  the  requested  approval; need for  the  action;  the  locations  where 
the  products will be  produced;  to  th6  extent possible, the  locations  where  the 
products will be  used and disposed of; and  the types of environments  present at 
and  adjacent  to  those locations. 

The purpose of  this Supplemental NADA application is to provide a claim for  the  use 
of PANACURO (fenbendazole) Paste 10% in dairy cattle of breeding age. 
PANACUR@ (fenbendazole) Paste 10% will be used as an oral anthelmintic to treat 
dairy cattle against gastrointestinal and  lung worms. It has already been used for 12 
years in horses (NXDX 120-648) and 9 years in cattle, excluding dairy cattle  of 
breeding age (N;u>X 132-872). 

The proposed action consists a f  manufacturing of bulk drug product and control  of 
finished drug  product  at Hoechst-Roussel Pharmaceuticals  Inc. (HRPI) and filling  and 
packaging of bulk product into syringes  and cartridges at PAC0 Pharmaceutical 
Services, Inc. AI1 manufacturing  and control operations for the  drug  product (bulk 
formulation and quality control testing) are performed at the facilities of HRPI at  the 
above  address and the pertinent environmental  issues are addressed in this document. 
The environmental information  related to the  filling  and  packaging of bulk drug 

- .>, 
! product at PAC0 Pharmaceutical Services,  Inc. is  provided in Appendix I O - I .  
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PANACURB (fenbendazole) Paste 10% 
Environmental  Assessment  Information 

) 

5. 

Federal, State, and  local  environmental  regulations  determine the appropriate system 
for disposal of waste at €BPI and PACO. Waste  resulting fiom manufacturing, 
quality-control testing,  and  distribution of the drug product,  including waste resulting 
from rejected, returned, or outdated drug  product,  is -incinerated or landfilled by, 
government approved facilities. 

HEW and PACO are located in  suburban  regions of New  Jersey. The land  is hilly and 
the temperature is moderate. 

IDENTIFICATIO-Y OF CHEMICAL SUBSTANCES THAT ARE THE 
SUBJECT OF THE PROPOSED ACTION: 

-~ 

Provide  complete  nomenclature, CAS Reg. No. (if available), molecular  weight, 
structural formulae, physical description, additives, and  impurities.  This 
information is required  to  be  adequate to allow accurate location of  data  about 
chemicals in the  scientific  literature and to allow identification of closely related 
chemicals. 

Substance: Fenbendazole (United States Adopted  Name) 

CAS Registry So.: 43210-67-9 

CAS Nomenclature: [5-(phenylthio)-1H-benzimidazol-2-yl]-carbamic acid  methyl 
ester 

also:  Methyl 5-@henylthio)-2-bendmidazolecarbamate 

Structural Formula: 

H 
I 
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PANACURa (fenbendazole)  Paste 10% 
Environmental  Assessment  Information 

. .  

._ . . .- 

Molecular Formula: C 15H 1 9 3 0 2 s  

Molecular Weight:  299.35 

Description: White to light  brownish or grayish powder; essentially odorless. 

Melting Point: Approximately  200°C. 

Spontaneous Ignition:  Approximately 233OC. 

pH: 7.0 - 7.5 (suspension of fenbendazole in water). 
- -  

pKa: 3.75 f 0.07 

Solubility:  Practically  insoluble in water (approximately 10-40 ppb.) 
Sparingy soluble in dimethylformamide. 
Very  slightly  soluble in  methanol. 
Freely  soluble in DMSO. 
Soluble  in  anhydrous  acetic  acid 

Octanol: Water Partition Coefficient: 3.9 

U.V. Absorption Spectrum: Maximum  absorptivity at 296 nm. 

Impurities in the drug substance and  drug  product  &e  limited to structurally-related 
compounds that are derived from synthesis and/or from storage. 

6. NTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT: 

Abbreviated  Item 6: 21 CFk Section 25.31a(b)(4)(i) . 

For  the site(s)  of production: list the  substances expected to be  emitted;  state  the 
controls exercised; include a citation of, and  statement of compliance  with, 
applicable emissions requirements  (including occupational) at the  Federal,  State, 
and local level; and discuss the effect the  approval will have  upon  compliance 
with  current emissions requirements at  the production site(s). Estimate  the 
maximum  yearly  market  volume of the  drug  product to aid  in  determining 
whether  approval of the  application could result in potentially  significant 
environmental  introductions  from use of the product. f 
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PANACUR@  (fenbendazole)  Paste 10% 
Environmental  Assessment  Information 

0 0 1 1 b - l  

As a result of  the following emission controls exercised at H W I ,  substances €torn 
manufacturing, packaging, quality-control testing,  distribution,  and disposal of  drug 
product, will  be emitted within  established  limits of existing discharge permits: 

Air-Emission Controls 

The physical transfer of product components is  controlled to prevent their  airborne 
escape.  The air in the manufacturing and control facilities is filtered, and  the  used 
filters  are incinerated. Differential-pressure systems control the movement of airborne 
substances  into  the manufacturing areas. 

There is no  fenbendazole discharged into the outside air during-the  manufacturing of 
PANACUR@ (fenbendazole) 10% Paste, as the fenbendazole  is trapped by dust 
collectors.  Discarded  dust  collectors and filters are transported by HRPI to licensed 
incineration facilities. 

Water-Emission Controls 

Small amounts of fenbendazo!e are discharged  into  the sewerage system as a result of 
cleaning of exposed  surfaces and equipment  used in manufacturing PAXACLXS 
(fenbendazole)  Paste.  The liquid  sewage waste stream  is treated by chemical  and 
microbial action in the local sewage-waste treatment  plant (Somerset Raritan Valley 
Sewerage  Authority).  The Authority has  granted HRPI discharge Permit No. 1OA. 

The  waste  generated  fiom manufacture of PAWACUR@ (fenbendazole) Paste 10% 
was calculated using random batches tiom 1991 production. The  average loss into the 
sewer system during bulk manufacture of  PANACURB (fenbendazole) Paste 10% was 
16.36 kg ,of  drug product which is equivalent to 1.636 kg of fenbendazole (1.6% of 
starting material). 

Soil-Emission Control 

Waste resulting fiom manufacturing,  quality-control  testing,  and distribution of the 
drug  product, including waste resulting  from  rejected, returned or outdated  drug 
product, is disposed by incineration. H R P I  does not  use  landfills for disposal  of  waste. 
As a result of  these practices, terrestrial ecosystems are not exposed. 

Emission Requirements 

The applicable emission-(air. water, soil) and occupational-control regulations  of the 
State  of Xew Jersey Departmex of Environmental  Protection (?UDEP) are provided 
in .+prndi.r 10-2. The Federal EPX recognizes N D E P  as 
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PXNACUR@ (fenbendazole)  Paste 10% 
Environmental Assessment Information 

, , I  

agent in administering these regulations. The local Somerville (Bridgewater) 
government depends on the state government for emission-  and occupational-control 
regulations. 

HRPI certifies that  the  operations involved  in  manufacturing, quality-control testing, 
and distribution of  the  drug  product, and disposal of waste,  are in compliance with 
these emission-  and occupational-control regulations. 

7 

Market Volume 

Once market saturation (1998) for the use of PANACURQB (fenbendazole) Paste in 
dairy cattle of breeding age is achieved, production of an additional 22,.000 kg of 
product is anticipated. This is approximately a < 27% increase  over the, current 
production volume of this product  for use in cattle and horses. 

Effect of Approval 

Based on the information submitted in this current edition of  the Environemtnal 
Assessment, the estimated increase in production of drug product fiom approval of the 
proposed'  action will  have no adverse effect upon compliance with emission-  and 
occupational-control regulations of Federal, State, and  local governments. 

12. LIST OF PREPXRERS 

Those  persons  preparing  the  assessment  together  with  their  qualifications 
(expertise,  experience,  professional  disciplines)  shall be listed. Persons  and 
agencies  consulted  shall  also  be  listed, 

Janice P. Muller 

Master of A r t s  (Organic Chemistry) 198 1 
University of California, Santa  Barbara 

Hoechst-Roussel Agri-Vet Company 
Project LManager, Quality AssuranceManufacturing 
Product Development and Registration 

Over 10 years . experience in the  areas  of * research (medical -diagnostics, 
immunomodulators), technical services (animal  health product  support), and 
regulatory affairs (preparation of registration information  and project management). 



PXNACUR9 (fenbendazole)  Paste 10% 
Environmental  Assessment  Information 

13. CERTIFICATION 

0 0 1  l b 9  

The undersigned official certifies that  the  information  presented is true, 
accurate,  and  complete  to  the  best of the knowledge of the firm or agency 
responsible  for  preparation of the  environmental assessment. 

HOECHST-ROUSSEL PHARMACEUTICALS NC. . .  

11. REFERENCES 

List  complete  citations  for all  referenced  material.  Copies of referenced  articles 
not  generally  available  should  be  attached. 

Not applicable. 

15. APPEXDICES: 

(a) Data  summary  charts (eg, structural  formula,  vapor  pressure,  water 
solubility,  n-octanovwater  partition coefficient, bio-degradation half-life, 
LC50 for  each species  tested, etc.). 

(b)  Test  reports  (for  each  experiment:  research objective, experimental  design 
and  procedure,  all  data  relevant  to  interpretation of the  test  result  given  in 
Item  15(a),  sample  calculations  and  statistical analyses). 

Appendix 10-1: Environmental Assessment  Information for PAC0 
Pharmaceuticals Services, Inc. 

Appendix 10-2: Environmental  and  Occupational Regulations Applicable to the 
HRPI  Bridgewater, NJ Site- 
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APPENDLX 10-1 

Environmental  Assessment  Information for 
PAC0 Pharmaceuticals Services, Inc. 
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Environmental Assessment .(EA) 
Information 

PANACUR’ (fenbendazole)  Paste 10% 

1. DATE: November 22, 1993 
I 
/ 

2.  NAME OF APPLICANT/PETITIONERt 

PACO  Laboratories, Inc. 

3. ADDRESS: 1700 Oak  Street 
Lakewood,  New  Jersey 
08701 

4 .  DESCRIPTION OF THE PROPOSED ACTION: 

PANACUR  ‘(fenbendazole)  Paste 10% will 
be  filled,  packaged,  and  tested  at the 
above  address  which  comprises  three 
connected  buildings. 

Federal,  State  and  local  environmental 
regulations  determine  the  appropriate 
system of disposal of waste  at  PACO 
Laboratories. 

PACO  Laboratories,  contract  packager of 
PANACUR ’ is located  in  a  suburban 
region of Central  New  Jersey.  The  land 
is  flat  and  the  temperature  is  moderate. 
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5. IDENTIFICATION OF CHEMICAL SUBSTANCES T W t  ARE THE 
SUBJECT OF THE PROPOSED ACIION: 

Substance:  Fenbendazole  (United  States  Adopted Name) 

CAS Registry No.: 432 10-67-9 

CAS Nomenclature: [5-@henylthio)-lH-bendmidarol-2-yl]~~c acid methyl 
ester .~ 

also: Methyl S-(phenylthio)-2-be~dmidaroiecarbamate 

Structural Formula: 

U 

Molecular Weight: 299.35 

.Description: White to light brownish or grayish powder.  essentially  odorless. 

Melting Point:  Approximately 233" (with decomposition). 

pKa: 3.75 f 0.07 

Solubility:  Practically  insoluble in water  (approximately 10-40 ppb.) 
Sparingly  soluble  in  dirnethylfonnamide. 
Very slightly  soluble in methanol. 
Freely  soluble  in DMSO. 
Soluble  in  anhydrous acetic acid 

0ctanoi:Water  Partition Coeficient: 3.9 

U.V. Absorption  Spectrum:  Maximum  absorptivity at 296 run. 

Impurities in the dmg substance  and drug product  are  limited to  structurally-related 
compounds  that are derived  from  synthesis  andfor  from  storage. 
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6. INTRODUCTION OF SUBSTANCES  INTO  THE  ENVIRONMENT: 

As  a  result  of  the  following  emission  controls 
exercised at  PACO  Laboratories,  substances  from 
filling,  packaging  and  quality-control  testing of 
PANACUR' Paste  will  be  emitted  within  established 
limits  of  existing.discharge permits. 

Air-Emission  Controls - As the PANACUR'  (fenbendazole) 
10% Paste  is  received  pre-manufactured-and  in  liquid 
form,  there  is  no  airborne  escape  of  the  product. 

Water- miss ion  Controls - Small  amounts  of 
fenbendazole  are  discharged  into  the  sewerage  system as 
a  result of flushing  the  filling  equipment  and of 
cleaning  of  exposed  surfaces  and  equipment  used  in the 
packaging  of  Panacur 10% Paste.  The  liquid  waste goes 

Filtration  membrane)  within  the  plant  and  then is 
discharged  into the sewerage  waste  stream  which is 
treated  by  chemical  and  microbial  action  in  the  local 
sewerage  waste  treatment  plant  (Ocean  County  Utilities 
Authority). The Authority  has  granted  PACO  discharge 
permit No. N-15-1985-015. 

PANACUR'  (fenbendazole)lO%  Paste  is  received at  PACO  in 
30 gallon  blo-lined  fiber  drums. It is  staged to a 
filling  line to be  packaged  into 2 5  gram, 92 gram  and 
290 gram  containers.  The  waste  generated  from  filling 
of  each  container  size  was  calculated  using  random 
batches  from 1993 production.  Average loss during 
filling  of 25 gram  containers  was 58.66 lbs. of  drug 
product  which is equivalent  to 5.8 lbs. of  fenbendazole 
(0.27% of  starting  amount of drug  product). Average 
loss during  filling of 92 gram  container was 26.4 lbs 
of drug  product  which is equivalent to 2.64 lbs of 
fenbendazole (0.16% of  starting  amount of drfig 
product).' Average loss during  filling  of 290 gram 
containers  was 61.8 lbs of drug  product  which is 
equivalent to 6.18 lbs  of  fenbendazole (0.28% of 
starting  amount). Loss was  discharged as described in 
the preceeding  paragraph. 

' through  a  waste  water  treatment  system  (Ultra 
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6. INTRODUCTION OF SUBSTANCES  INTO  THE ENVIRONMENT 
(CONTINUED) 

soil - Emission controls -Waste  resulting  from  filling 
(breakage  of  containers  and  bulk  drum  residuals)  and 
from  quality  control  testing  of  PANACUR3  is  compacted 
and  removed  by  Waste  Management  of  Central  Jersey  (NJ 
DEP Solid  Waste  Transporter  license # 02138). It is 
taken to Ocean  County  Sanitary  Landfill on Rt 70 in 
Manchester,  NJ.  Unused  bulk  and  components are  returned 
to HRPI. Empty  bulk  drums  are  taken  by  Tunnel  Barrel 
Co. to be re-cycled. 

The waste  generated  from  filling  of  each  container  size 
was  calculated  using-random  batches  from 1993 
production.  Average loss during  filling of 25 gram 
containers  was 18 lbs. or 1.8 lbs.  of  fenbendazole 
(0.08% of  starting  amount  of  drug  product). Average 
loss during  filling of 92 gram  containers was 13 lbs  or 
1.3 lbs  of  fenbendazole (0.08% of  starting  amount of 
drug  product).  Average l o s s  during  filling  of 290 gram 
containers  was 15.4 lbs.  or 1.54 lbs.  of  fenbendazole 
(0.07% of starting  amount of drug  product). 

The  list of emission - (air,  water,  soil)  and 
occupational-control  regulations  at  the  Federal,  State 
and local level  are  provided  in  Attachment 1. 

PAC0 certifies  that  it is in  substancial  material 
compliance  with  the  emission-  and  occupational-  control 
regulations as they  apply to the  filling,  packaging, 
quality  control  testing,  and  disposal  of  PANACUR @ 

Paste. 

7. FATE OF EMITTED  SUBSTANCES  IN THE ENVIRONMENT. 

8. ENVIRONMENTAL  EFFECTS OF RELEASED SUBSTANCES. 

9. USE OF RESOURCES AND ENERGY. 

10. MITIGATION MEASURES. 

11. ALTERNATIVES  TO  THE  PROPOSED ACTION. 

Items.7-11 are  intentionally  omitted  as  permitted  by 21 CFR 
Section  25.31a (b) ( 4 )  (ii). 

: 
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,'' 12. LIST OF PREPARERS 

Barbara P. Steele 
B.S., Public  Health 1979 
West  Chest.er  State  Univ.,  PA 

PACO  Pharmaceutical  Services,  Inc. 
Regulatory  Affairs  Associate 

Persons and  agencies consulted: 

A1 R. Erario,  Director, Q.A. & Regulatory 
Ed  Koro1,  Director  Safety,  Health & Envir.  Affairs 
Cliff  Straub,  Vice  President of Finance 
Lori  Morrison,  Hazardous  Waste  Coordinator - - 
George  Galgano,  Technical  Director 
Attorneys at  Giordano,  Halleran & Ciesla 

13. CERTIFICATION: 

The undersigned  official  certifies  that the information 
presented  is  true,  accurate,  and  complete to the  best of the 
knowledge  of the firm  or  agency  responsible  for  preparation 
of the  environmental  assessnent. 

Signature: L - <z,4LT- Date If-  23 .r3 
A1 R.' Erdrio 
Director of Q.A. & Regulatory 
PACO  Pharmaceutical  Services,  Inc. 

1 4 .  REFERENCES: 

Not  applicable. 

15. APPENDICES: 

This item is intentionally  omitted as permitted  by 21 CFR 
25.31a(b) ( 4 )  (ii). 



. . .  , 
ATTACHMENT 1 

LIST OF REGULATORY  PROGRAMS  COVERNING  EMISSIONS TO 
AIR8 WATER AND SOIL AND 

OCCUPATIONAL  SAFETY AND HEALTH  REGULATORY P R O G W S  

PACO Pharmaceutical Services, Inc. 
(PACO) 

LakeWood, New Jersey 

A i r  Emissions 

The Paco Pharmaceutical  Services,  Inc.  (IpPacotv or the 
"Companyvv) facilities  are  required  to  comply  with the  New 
Jersey  Air  Pollution  Control  Act,  N.J.S.A. 26:2C et sea.  and 
26:2D & sea..  and  air  emission  regulations  administered  by 
the  New  Jersey  Department  of  Environmental  Protection  and 
Energy  (IvNJDEPErp),  found in the  New  Jersey Administrative 
Code  (N.J.A.C.),  Title 7, Chapters 27, 27A  and 27B (N.J.A.C. 
7:2? sea.). 

- -  

To the  extent  that  the  applicable  air  emission  regulatory 
programs  have  not  been delegated-to the  NJDEPE  by  the  United 
States  Environmental  Protection  Agency ( llCTSEPAvp) , are 
delegated  but  require  EPA  review,  or  do  not  have  State 
program  equivalents,  the  Paco  facilities  are also  subject  to 
Federal  air  emission  regulations.  In  addition,  and  although 
not  all  of  the  federal  and  state  implementing  regulations 
for  the  Clean  Air  Act  Amendments of 1990 have  been 
promulgated,  the  facilities  are  still  subject to those 
statutory  amendments. 

Noise  Control 
The  Paco  facilities  are  regulated  by  the  New  Jersey  Noise 
Control  Act,  N.J.S.A. 13:i6 and  implementing  regulations 
codified  at  N.J.A.C. 7:29-1.1 sea. This  program  is 
administered by the  NJDEPE. 
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) wastewater and Stormwater 
Wastewater  discharges  from the Paco facilities  are subject 
to both State and Federal regulation. The  State  Water 
Pollution  Control  Act  is found at  N.J.S.A. 58:lOA & sea. 
State  regulations  are  found at  N.J.A.C. Title 7, Subchapters 
9, 14 and 14A. The  Federal Water Pollution  Control Act  is 
set  forth at 3 3  U.S.C. 1251 sea. Federal Regulations  are 
codified at Title 40 of the Code of Federal Regulations. 

The  Paco  facilities  are  also subject to regulation, chiefly, 
by the  Ocean  County  Utilities Authority (tvOCUAtv).  OCUA has 
adopted  regulations  which apply to industrial dischargers. 

Prohibitions  against certaimtypes of discharges to  the 
waters of the  State  are  also set forth in the  Pollution and 
Obstruction  of  Waters  Act, N.J.S.A.  23.:5-27 & sea. and the 
Spill  Compensation and Control Act, N.J.S.A. 58:lO-23.11 
sea. For  regulations implementing the Spill Compensation and 
Control  Act  see N.J.A.C.  7:lE-1.1  et  sea. Paco  has  filed  an 
applicability  determination, dated June 2, 1993, with  the 
NJDEPE  indicating it  is not subject to the  General 
Stormwater  Permit program. 

Solid  Waste  DiSDOSal 
The  Paco  facilities  are required to comply with the  Resource 
Conservation and Recovery Act (ItRCRAvt), 42 U.S.C. 6901 & 
seu., the  Comprehensive Environmental Cleanup and 
Responsibility  Act, 42 U . S . C .  9601 g& sea., and the 
regulations  adopted  pursuant thereto as  codified  at 40 CFR. 
Additional  requirements  are set forthe by NJDEPE  in the 
Solid  Waste  Management  Act, N.J.S.A.  13:lE seu. and in 
regulations  codified  at N.J.A.C.  7:26-1.1 & sea. 
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The  disposal of n0.n-hazardous solid waste is regulated by 
the previously  cited  Solid Waste Management Act. The  NJDEPE 
has adopted  regulations  governing  the  flow of solid  waste in 
New Jersey. N.J.A.C.  7:26-6.1  et sea. The  Paco  facilities 
and any contractors  retained  to  dispose of non-hazardous 
solid waste  must  follow  these requirements: 

The  facilities  also  generate hazardous waste. The  disposal 
of hazardous  waste is subject to USEPA and NJDEPE 
regulation.  For instance, hazardous  waste  generators  must 
obtain a generator identification number from the USEPA, 
dispose  of  hazardous  waste under a manifest and use properly 

- licensed  transporters and facilities. 

Currently, the  companies operate under the "90-day 
generator"  designation;  that is, hazardous  waste  that  is 
generated  on the  site must be removed and transported  off 
site within 90 days of the date the waste was generated. In 
addition, the  companies  are in the process of  designating  a 
satellite  accumulation area in the Paco  Laboratories, Inc. 
operations located at Building 13. Hazardous  waste  storage 
and management  requirements set forth in the  above 
referenced  statutes and regulations would also apply. 

Disposal of medical  wastes is regulated by the  NJDEPE  under 
the regulated  Medical  Waste Management Act, N.J.S.A. 13:lE- 
48.1 and regulations  codified at  N.J.A.C.  7:26-3A. The 
Federal  Medical  Waste  Tracking Act of 1988 is set  forth at 
42 U.S.C. 6992. Federal  regulations are codified  at 4 0  CFR 
Parts 22 and 259. Although  this Act and implementing 
regulations  have expired, the 5 year period during  which 
records  must  be  maintained  has not yet ended. 
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Medical  wastes  generated by the  Paco  facilities are 
collected and transported bi-weekly to a  licensed treatment, 
storage and disposal  facility  for incinceration. 

The  Worker  and  Community Ricrht to Know Act and EmercrencY Planninq 
and  Communitv Ricrht to  Know  Act 

The  New  Jersey  Worker  and Community Right to  Know Act, 
N.J.S.A.  34:5A sea. and its implementing regulations at 
N.J.A.C. 7:lG et sea. and N.J.A.C. 8:59-1,3,5,8,9 and 10 
apply to  the  Paco facilities. There  are  also  requirements 
imposed on covered  facilities by the Federal Emergency 
Planning and Community  Right to  Know Act, 42 U.S.C. 11001 et 
sea. with implementing  regulations at 40 CFR Part 370. 
Requirements  include, but may not be limited to,  reporting, 
labeling,  educating,  training and record maintenance. 

Occupational  Safety  and  Health Act 
The  Paco facilities  are also subject to  the  requirements for 
worker  safety,  set  forth in the various sections  of the 
Occupational  Safety and Health Act, 29 U . S . C .  651 seq. 
and the  applicable  regulations set forth in 29 CFR Part 1900 
- et  sea. 

PolIution  Prevention 
The  Paco  facilities  are  subject  to  the  Pollution  Prevention 
Act, N.J.S.A.  13:1D-35. Implementing  regulations have  been 
codified at N.J.A.C.  7:lK-1.1 & sea'. The  program is 
administered by the NJDEPE. 

Undercrround  Storacre Tanks ' 

The  NJDEPE administers the underground storage tank  program. 
N.J.S.A. 58:lOA-21  sea.; N.J.A.C.  7:14B-l.l & sea. There 
are  underground  storage tanks at the Paco facilities  which 
are  subject  to  regulation  under  this program. 
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In addition,  since  the  USEPA  has  not  completely  delegated 
the program to NJDEPE,  federal  law  is  applicable. The USEPA 
regulates  underground  storage  tanks  pursuant to  the  Resource 
Conservation  and  Recovery  Act, 4 2  U.S.C. 6901  and  has 

J 

adopted  implementing  regulations,  including 4 0  CFR Subpart 
280. 

1 

S p i l l  or Unmrmitted   Discharcre  
In the  event  of  a  spill,  accident,  release  or  unpermitted 
discharge,  the  applicable law(s)  (federal,  state  and  local) 
would  be  determined  based  on an assessment  of the facts. 
Some of the statutes  and  regulatory  programs'described  above 
could  apply  depending  on  the  circumstances. The Spill 
Compensation  and  Control  Act,  N.J.S.A.. 58:lO-23.11 and the 
New  Jersey  Hazardous  Substance  Discharge  Act,  N.J.S.A. 
13:1K-15 could  also  apply.  These  programs  are  administered 
by  NJDEPE,  which  has  adopted  implementing  regulations at 
N.J.A.C.  7:lE-1 g& sea. Should  remediation  be  required, 
oversight  and  technical  programs  administered  by  NJDEPE  have 
been  codified  at  N.J.A.C. 7:26C and 7:263. 

O r d i n a n c e s  of Lakewood  TownshiD 
The Paco  facilities  are  located  in  the  Lakewood  Industrial 
Park, Lakewood  Township,  New  Jersey.  Lakewood  Township has 
adopted  a  series  of  ordinances  which are publised  as the 
IIRevised  Ordinances  of  Lakewood  Townshipll.  Or  particular 
application  to  the  areas  discussed  herein  are the  following 
chapters  and  ordinances: (1) IV-1  Litter; ( 2 )  IV-20 
Mandatory  Recycling  Program; ( 3 )  XIIA  Uniform  Fire  Safety 
Code; ( 4 )  XIV  Fire  Prevention  Code; ( 5 )  XV Streets, 
Sidewalks  and  Houses,  particularly XV-6 .2  Service 
Requirements; (6) BHIII  Nuisances; (7) BHXIII  Health  and 
Sanitation  of  Buildings;  and ( 8 )  BHXIV  Garbage  and  Refuse. 
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certification 

PACO Pharmaceutical  Services, Inc. certifies  that  it  is  in 
substantial  material  compliance  with  the  above 
Environmental,  Health and Occupational  Safety regulations  as 
they  apply to the  filling,  packaging and quality  control 
testing of PANACUR @ Paste 10% . PACO  certifies  that the 
information  contained  herein is true,  accurate  and  complete 
to  the best of knowledge. (See attached list of Regulations. 

.James W. Haney 1 
,>esident 
PACO 

Date 

, 
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Treatment,  Storage  and  Disposal  Facilities 

Name L location  Permit # 

'Battery  Disposal NYD000632372 
4255 Research Parkway 
Clarence, NY 14031 

Bio-Medical  Services, Inc. NC  #6009/ 
3212 Ridge  Road  €PA Non-Hazardous 
Matthews, NC  28106 

Facility Tme 

Hydrolyds, 
Incineration 

Incineration 

Connecticut  Treatment Cop..  CTDOOO604488 Water  Treatment,  Fuel 
51  Broderick  Road  Blending 
Bristol, CT 06010 

'Chemical  Waste ALD000622464 
Management  Inc. 
P.O. Box 55 
Hwy 17N, Milemarker 163 
Emelle, AL 35459 

'Cyanokem,  Inc. MID09801 1992 
12381 Scahefer Hwy. 
Detroit, MI 48227 

E.I. Dupont DeNemours NJD002385730 
& Co., INc. 
Chambers Works, Rte 130 
Deepwater, NJ 08023 

Long Beach  Recycling  Municiple non-regulated 
& Recovery COT. . waste 
70 Water  Street 
Long Beach, NY 11561 

Marisol, INc. NJDOO2454544 
125 Factory  Lane 
Middlesex, NJ 08846 

MBM  Chemical Co.  ALD070513767 
Rte.3 Box 2858 
Attalia, AL 35954 

Secure Landfill 

Treatment 

Water Treatment 

Incineration 

Fuel  Blending 

Fuel Blending 

' Have not been utilized  by  PAC0 Labs as of June 22,  1992. 
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Name 6 location  Pennit # 

Naugatuck  Treatment EPA Non-hazardous 
500 Cherry  Street DEP non-regulated 
Naugatuck, CT  06770 

Ocean County  Sanitary NJDEPE # 0.2138 
Landfill Fed. I.D.  210694438 
Route 70 
Manchester,  NJ 

Ocean County Utilities NJPDESOO28142 
Authority 
Mantoloking  Road 
Brick, NJ 08723 

, Ogden  Martin  Systems 
100 Recovery  Way 
Haverhill,  MA 01835 

€PA Non-hazardous 
DEP non-regulated 

Ogden  Martin  Systems EPA Non-hazardous 
530 S. Cherry  Street DEP non-regulated 
Wallingford, CT 06492 

Ogden  Mariin  Systems  €PA Non-hazardous 
99 Townline  Road DEP non-regulated 
E. Northport, NY 11731 

Oldover Cop.  VADO98443443 
P.O. Box 228 
Ashland,  VA 23005 

SMI/East  Coast 

1307 S. Pennsylvania Ave. NJDEPE # 16348 
Morrisville, PA 19067 PADER # HC0122 

.* Medical Waste, Inc. PAD 982700395 

PADER # 9 78 

Th ermalkem, Inc. SC0044442333 
Rte. 5, Vernesdale  Road 
P.O. Box 2664 - 

Rock Hill, SC 29731 

Facilitv Tvpe 

Incineration 

Sanitary 
Landfill 

Water  Treatment 

/ 

Incineration 

Incineration 

incineration 

Fuel  Blending 

Medical  Waste 
Transporter 
Hazardous  Waste 
Transporter 

incineration 

** Transporter  only 
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Name & location  Pennit # 

Treadwaste,  lnc. lLD098642424 
Div. of Chem. Waste  Mgmt.,  lnc. 
7 Mobile  Drive 
Sauget,  lL 62201 

.t Waste  Management of DEPE# 02138 
Central  Jersey  Non-Hazardous 
208 Paterson  Avenue 
Trenton,  NJ 08610 

CC Transporter only. 

Facilitv T w e  

Incineration 

Solid Waste 
Transporter 
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APPENDIX 10-2 

Environmental and Occupational  Regulations 
Applicable  to  the HRPI Somervillle  (Bridgewater), NJ Site 
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Hoechst-Roussel  Pharmaceuticals Inc. 
) Route 202-206 PO aox 2500 Somervtile. NJ C8876-1258 

Telephone (908) 23 1 -200G FAX (9C8) 23 1-3225 

Hoechst 

Direct dial number. 

Environmental Compliance Summary 

Hoechst Celanese Corporation 
Hoechst-Roussel Pharmaceuticals, 

(HRPI) 
Inc. 

Somerville (Bridgewater), NJ 

Air  Emissions 

The  Hoechst  Celanese  Corporation  Bridgewater  Site is required to comply  with  the air 
emission  regulations  administered  by  the New  Jersey  Department of Environmental 
Protection and  Energy  Subchapters 3,4, 5, 6, 8, 13, 16, and 18, et sea  (NJAC 7:27-=t 
sea.) 

The  Bridgewater  Site is also  subject to Federal air emission  regulations,  which  are 
codified  at  40  CFR  Parts 60,61 ,70 ,  and 82, as well  as  the  new  Clean  Air  Act 
Amendments  of 1990. 

Currently,  the  Bridgewater  Site  has 33 active  air  permits,  issued  by  the  NJDEPE,  which 
regulate  active  sources.  Annual  inspections  are  performed  by  the  Regional  Enforcement 
Bureau of the  NJDEPE.  (See  attached  list of Permits.) 

Wastewater 

Wastewater  discharges  from  the  Bridgewater  Site are subject  to  both  State  and  Federal 
regulations.  State  regulations  are  found at  NJAC 7: lE, 8, 9, 14,  and  14A,  Federal 

- Regulations  are  found  at  40  CFR  Parts 112, 116, 117, and 122. Additional  requirements 
are  enforced  by  the  Somerset  Raritan  Valley  Sewerage  Authority  (SRVSA). 

The  Bridgewater  Site  discharges  process  and  sanitary  wastewater to the SRVSA under  a 
permit  issued by  the  SRVSA.  Semi-annual  sampling  and  analysis is conducted  and 
reported.  Annual  inspections  are  condudted  by  the  SRVSA. 

Non-hazardous  aqueous  wastes  from  reactor  washes  and  rinses,  and  non-hazardous 
aqueous chemical  wastes  are  collected and  transported to DuPont  Environmental in 
Deepwater, NJ for  biological  treatment. 

Stormwater  from  the  site  discharges  into  Peters  Brook.  The  site  has  obtained  a  permit 
under  the  NJDEPE  General  Stormwater  Permit  program. 

Solid Waste DisRosal 

The  site is required to comply  with  the  United  States  Environmental  Protection  Agency 
(USEPA)  Resources  Conservation  and  Recovery  Act  (RCRA)  regulations,  codified  at  40 
CFR Parts 259,  260,  261,  262, and 268. Additional  requirements  are  set  forth by 
NJDEPE  at  NJAC 7:26-3, 3A,  4A, 7, 8, and 9, as well as 7:26B. 
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HRPI 
Compliance  Summary 
Page  2 

Currently,  the  site is designated as a “90-day generatof; that  is,  hazardous  waste  that is 
generated on the  site  must  be  removed  and  transported off site  to  a  licensed  Treatment, 
Storage or Disposal  Facility (TSDF), within 90 days  of  the  date  the  waste  was  generated. 

Disposal of medical  wastes  are  regulated  by  the  NJDEPE  at  NJAC  7:26-3A. All medical 
wastes  generated  at  the  site  are  collected  and  transported  routinely  to  a  licensed  TSDF 
for incineration. 

It is the  policy of Hoechst  Celanese  Corporation,  that all wastes  be  destroyed  to  the 
extent  that  technology  exists  for  the  destruction of particular  materials.  Under no 
circumstances  are  any of these  wastes  placed  into  a  landfill.  (See  attached  list of 
TSDF‘s). 

SuDet-fund Amendments and Reauthorization Act (SARA)/CERCIA 

Sections  312  and  313 of SARA Title Ill, are  complied  with.  Each  year, a SARA 312NJ 
Right-To-Know  survey  (Chemical  substances  inventory) is completed  and  submitted to 
NJDEPE  and  various local agencies  and  authorities. In addition,  each  year  the  site 
submits  a  “negative  declaration of non-applicability“  pursuant  to  the  requirements for 
annual  reporting  of  releases  under  Section  31 3. 

In addition,  any  accidental  release  of a hazardous  substance is subject  to the 
requirements of the  USEPA  Comprehensive  Environmental  Response,  Compensation 
and  Liability Act (CERCLA). 

The  above  requirements  are  codified at  NJAC 7:lG and 40 CFR  Parts  302,355,370, 
and  372. 

Safety 

In addition to the  environmental  regulations  cited  above,  the  Bridgewater Site also 
complies  with  the  requirements  for  worker  safety,  set  forth in the  various  areas of the 
Occupation  Safety  and  Health Act. Most  of the applicable  regulations  are  set  forth in 29 
CFR Part  1910  et  seq.  Federal  OSHA  Gegulates  worker  safety in the  state of New 
Jersey.  Federal  OSHA  does not issue  an  occupational  safety  permit.  A  separate state 
agency  for  occupational  safety  does  not  exist in New  Jersey. 
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Hoechst-Roussel Pharmaceuticals Inc. 
) Route  202-206 PO 5ox 2500 Son?ervll!e.  NJ-088761258 

Telepkcce (908) 23:-2CO0 FAX (908) 231-3225 

Hoechst a 
Direc; slal number 

Hoechst Celanese Corporation 
Hoechst-Roussel Pharmaceuticals, Inc. 

(HRPI) 
Somewille (Bridgewater), NJ 

Compliance Certification 

Hoechst Celanese Corporation,  HRPl  certifies  that it is in compliance with applicable 
Environmental,  Health  and  Occupational Safety regulations.  Hoechst Celanese Corporation, 
HRPl certifies  that  the  information  contained  herein is true,  accurate and  complete to the best of 
knowledge. (See attached list of Regulations.) 

Steven F. OIp 
Manager, EH8S 
Bridgewater Site 
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Hoechst Celanese 
Regulatory  Operating Permits 

Bridgewater Site 

Permit  Permit 2 Source  Expires Aaency 

Air (See  attached list of Air  Permits.)  Various NJDEPE 

Wastewater 1 OA SanitaryProcess  10195  SRVSA 

- 

Hazardous  Waste NJD045787991 Waste  Generation NlA NJDEPE 

Medical  Waste 57408 Waste  Generation Annual NJDEPE 

Stormwater NJ0088315 Stormwater 1 1 I97 NJDEPE 
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.i Off-Site Treatment, Storage and Disposal  Facilities 

chamkn wO& - Rte 130 
-, M 08023 

125 Factory Lam 
Middlesex. NJ 08846 

515 E. Main S m  

Marisolk Fucl Blcoditlg Hazardous Wastcs NIA NJDOO2454S44 

Safety man S k n t  Raamy Hazardous Wastes N/A WDOQO768077 

Bonnd Brook NJ 08805 
CWMRrsourccs OHDO93945293 NfA Ha?ardous Wastcs Fucl Blending 

4301 Infirarary Road 
west calToltot4 OH 

P.O. Bo.. 2664 
RockHillsc 

Technology Corp. 
one Eden b e  

- 

scDo4e542333 HazarQusWasta NIA 

Ah-ancedEnvironmental TrapsferFadlity Hazardous WaStCS NfA NJD980536593 

F h d c a  NJ 07836 
Perma-FiX -807 1 107 1 NfA LowLevelRadioactive . FueiBending 

1940 NW 67th Place 
Gaiusille. FL 32006 

Liquid Wastcs 

MmoNYHealth Was& Incineration Medical Wastcs NIA 24007- 
-g 00023loooO 1-0 

910 E. 138th Street 

100 Nix S a a  .- 
HatllptOIl, sc 29924 

@den Madn of Babylon 

Recycling -w-(Mcrcury) NIA PAD987367216 A&aadEnvironmcntal 
West Babylon, NY 11704 

Inciaaation Medical wastes N/A 1-4720- 
125 Gleam S t r a t  m m m o o 2 4  

Recycling Corp 
2591 Mitchell Avenue 
Wentown, PA 18  103 

NIA - Not Available. The permit numbers listed for off-Site Disposal Facilities are Federal andor State EPA ID 
numbers. These permits are not subject to expiration. 
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Environmental  Reaulations 

New Jeney Administrative  Code (NJAC) Title 7 Chapter 27 - Air Pollution  Control 

- Subchapter 3 - Control  and  Prohibition  of  Smoke  from  Combustion  of Fuel 

- Subchapter 4 - Control  and  Prohibition  of  Particles  from  Combustion of Fuel 

- Subchapter 5 - Prohibition of Air Pollution (NJAC 7:27-5) - Subchapter 6 - Control and Prohibition  of  Particles  from  Manufacturing  Processes 

- Subchapter 8 - Permits and Certificates (NJAC 7:27-8) - Subchapter 13 - Ambient  Air  Quality  Standards (NJAC 727-1 3) - Subchapter 16 - Control and Prohibition of Air Pollution  by  Volatile  Organic  Compounds 

- Subchapter 18 - Control and Prohibition of Air Pollution  from  New or Altered  Sources 

(NJAC 7:27-3) 

(NJAC 7~27-4) 

(NJAC 7127-6) 

(NJAC 7127-16) 

Affecting Ambient Air Quality  (Emission Offset Rules)  (NJAC 7:27-18) 

Code of Federal  Regulations (CFR) 

40 CFR  Part 60 - Standards  of  Performance  for  New  Stationary  Sources 
40 CFR Part 61 - National  Emission  Standards for Hazardous Air Pollutants 
-40 CFR  Part 70 - State  Operating  Permit  Programs 
40 CFR  Part 82 - Protection of the  Stratospheric  Ozone. 
Clean  Air  Act  Amendments - November 1990 

- Water 

NJAC Title 7 Chapter 1 E - Discharges of Petroleum and Other  Hazardous  Substances 
(NJAC 7:lE) 

NJAC Title 7 Chapter 8 - Stormwater  Management  (NJAC 7:8) 

NJAC Title 7 Chapter 9 - Water Pollution  Control (NJAC 7:9) 

NJAC Title 7 Chapter 14 - Water Pollution  Control  Act  (NJAC 7:14) 

NJAC Title 7 Chapter 14A - The  New  Jersey  Pollutant  Discharge  Elimination  System 
(N  JAC 7:  14A) 

Code of Federal  Regulations  (CFR) 

40 CFR  Part 11 2 - Oil Pollution  Prevention 

40 CFR  Part 11 7 - Determination of Reportable  Quantities of Hazardous  Substances 
40 CFR  Part 122 - National  Pollutant  Discharge  Elimination  System 

' 40 CFR  Part 116 - Designation of Hazardous  Substances 



Solid And Hazardous  Waste 

NJAC Title 7  Chapter 26 - Division of Waste  Management  (NJAC  7:26) 
1 

- Subchapter  3 - Transportation (NJAC  7:26-3) - Subchapter 3A - Regulated  Medical  Waste (NJAC  7:26-3A) - Subchapter 4A - Hazardous  Waste  Fees (NJAC  7:26-4A) - Subchapter  7 - Labeling,  Records  and  Tiansportation  Requirements  (NJAC 7:26-7) - Subchapter 8 - Hazardous  Waste  Criteria.  Identification and Listing  (NJAC 7:26-8) - Subchapter  9 - Requirements for Hazardous  Waste Facilities (NJAC 7:26-9) 

NJAC Title 7  Chapter 266 - Environmental  Cleanup  Responsibility Act Rules (NJAC  7:268) 

Code Of Federal  Regulations (CFR) 

40 CFR Part 259 - Standards for the Tracking  and  Management of Medical  Waste 
40 CFR Part 260 - Hazardous  Waste  Management  System - General 
40 CFR Part 261 - Identification and Listing of Hazardous Waste 
40 CFR  Part  262 - Standards  Applicable to Generators of Hazardous  Waste 
40 CFR  Part  268 - Land  Disposal  Restrictions 

SARA Title IlllCERCLA 

NJAC Title 7 Chapter 1G - Worker and  Community  Right  to Know Regulations  (NJAC 7:lG) 

* Code of Federal  Regulations (CFR) 

40 CFR  Part 302 - Designation,  Reportable  Quantities and Notification 
40 CFR  Part 355 - Emergency  Planning and Notification 
40 CFR  Part 370 - Hazardous  Chemical  Reporting:  Community  Right-To-Know 
40 CFR Part 372 - Toxic  Chemical  Release  Reporting:  Community  Right-To-Know 

Safety 

Code of Federal Regulations (CFR) 

29 CFR 1910 - Occupational  Safety  and  Health  Standards 
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Please n o t e  Hoe 8 8 1  is  t h e  code number for 
Fenbendazole  (generic  name),   the  active 

Hoechst AG ingredient of Panacurm. 
P k m a  Forschung  (Research) 
?&iochemist-y 

D r .  Kellner, Dr. C h r i s t  April 25, 1975 
Dr. -/'I% - 5776 - 

Re: Pharmacokinetic  Strtdies  on @ral Adainistration  of HOE 881 - 14C t o  a Cow. 

3anmary: 

The oral adminis t ra t ion of 2.25 g HOE 881-14C (2 about 5 
2% aqueous  suspension to a lac ta t ing ,   b lack  and white 
slow  absorgtion wi:! a peak i n  blood l e v e l s  of 0 .52  pg/;P1 and 0.71pglml  i n  s s q n  
occutr ing 28-30 hours _oostadninis.~asion.After t h i s  tine, t l e   l e v e l s  were 
lower i n  t h e  milk t h a n   i n  se-nm. The predominant h a l f - l i f e   i n  blood, se-m, 
and  milk was 15 h. t 

Almost 77% of the  applied  dosa was recovered  with  tho feces, 14% with  ur ine,  
and only 0.31 in   the   n i lk .   Zxcre t ion  was a s   r a p i d   a s   e l h i n a t i o n  from  blood 
and sax!!. Fif teen  days  af ter   &osinq  the overall concentration wasAvary low with 
the  liver eksuing %e Sighes t   l eve l  of r ad ioac t iv i ty  a t  1.4 pg/g (= 0,3C? 
of t!!e aapl ied  dose) .  

I n  all other  organs and t i s s u e s  t\e concentrations  renaiced  under 0.1 ~ 5 / g  and 
€or the  most ?art w e n  urxier  3.01 ,ug/s. 

1. Plrgse 

The pharnacokinetics of the  broad-spectrum  anthelaintic'  XOE 881 has  been 
thoroughly  studied ia mall rt ' linants  (sheeo) among other   specics  (1,2) . Since 
the  compund is  also  intended for t h e   t r e a t n e n t  of worn i n f e s t a t i o n   i n  catt le,  
pharmacokinetic  studies  in  large  rumi.mnts*wete also necessary. A l a c t a t i n g  
COW was aro jec ted  as t e s t  animal. 

2. Material  and Yethods 
2 -1. Compcuzd an& ?,anu:ation 

All data invo1vir.g tke   l abe l ing   of  :iOE 881 - 14C is contained i n  t h e  first 
. repor t  (1). I n   t h i s  case, however, 'the spec i f i c   ac t iv i ty   o f  batch 4072 Iia w a s  - 10.1 mCi/g (3.7 x l oa  sec-1 g-L ; for 2u r i ty  test see Fig. 1). The comwund 
had a specific surcace of 20 m2/g '(measured on 12-5-74 acordirq to  Srunauer, 
Emmett, and Teller (BET) ,  gas  absorption  with  argon  in  tke Dept. fot Apglied 
Physics).  

The Galenik  Lajoratory  (Pha-znaceutical Develo-ment Lab) prepared  an  aqueous 
suspension wi:h an ac:ive ingredien: content of 2.6'3 (see atcached r s l e a s e  
form frcn ?h&za  Zaltnik  (2F.amaceszical  Devel.) . T h i s  sus?ension is ccmparable 
in  formulation to tkte c c m e r c i a l  2 . 5 3  aqueous  scls2ension f o r  orzl use.  

1 
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2.2. Test . W i ~ l s l  
2.2.1.  iiousiz3 .%x? ?zed 

The t e s t  anhi was a 3-year-old  black a.d whits c3w (schwarzbunte  Xiderungskuh) 
( r i g n t  ear tag  !!o'. 935) with a 6 l i t e r  averzge  daily silk brcduction. The 
cow w a s  acclimated to the  housing by holding  her  in a m e d i u m  k q t h  metabolism 
s ta l l  f o r  one week before  the  study. ?he o f f i c i a l  weight of the cow was 449 kg 
on t!e day  of s t a l l i z g .  Feed intake dropped i n  the f i r s t  few days  but  increased 
again  an  the  fourth  day and s t a b i l i z e d   t o  a constant  daily  consungtion rate. I n  
t h i s  i n i t i a l   ? r econd i t ion ing   phase   i n   t he   ae t abo l in  stall ,  a s l igh t   weight  
reduction estimate& a t  b u t  25-30 kg (see 2.2.2. dose) ,   tha t  is, below IO%, was 
observed. 

Feed cons is t& or' hay and water  (autamatic  drinking Sowls) ad libitum and about 
2 kg da i ry   feed  and 3 kg o a t s  in 2 daily  :ctions. 

Room temperature was between 22. and 24.C; r e l a t i v e  humidity  between 55 and 60%. 

2.2.2.  Xgplicaticn and Dose 

Administzation of d r ! g  was in s t i t u t ed   a f t e r   f eed  sonsirm_stion and milk  yield had 
steilited. Zxanination by a veter inar ian  before   the  t ts tdid  noe  yield  gatkological  
f indings.  %e &-a5 was given  in  the  sorning by stcmach W e .  In dll 87-ud 
sus?er.sion a c?ose of 2250 ng :iOE 881- l'lc (- 22.7 a C i )  was administer&. 
A t  an astimited  weight of 420 kg the caw received a dose eqcal t o  5.3 mq HOE 881 - 
1% par kg & ~ - y  weigh=. TC elh:zzte ouspezsis:: :zs~*zcs i;; t h e  ralat2:a:y ~ C J Z ~  

tubs, it was flushed wit;? about 5G3 n l  tap water. kuqnage was wichciram  from 
the cow on the evening  before  Cosing.  Immediately  after  the  dose,  hay was again 
.n&e avai lable .  

2.2.3. Obtaining  Test Sazyles 

A bal loon  catheter  w a s  inserz td   in to  t h e  ur inary bla6der unc?er extradural  
anesthesia  to al low  separate   col lect ion of ur ine and fecal  samples.  S.absequeatly, 
t h e  balloon was f i l l e d  with fluid prevecting  expulsion or' catheter .  The 
cathetsrwas  anchored  to  the  aninal 's   tai l   in  such a way that   constant   te?sion 

of the  bladder: In t h i s  way it was poss ib l e   t o   co l l ec t  t!!e urine  without any 
leakage. Tke ca the ta r  was attached to comect ingtubiag  leading  to  a g l a s s  
receptacle .  It was n e c e s s k y  to  add a few thymol c q s t a l s   t o   t h e   c o l 1 e c t i r . g  
vessel   each  day  in  order t3 arevent  imediate bact t r ia l   contaminat ion Lkmt 
could  lead  to an ascending  urinaty  bladder  infectior..  

The cow was k i l l e d  by exsanguinat ion  af tsr   t ranqui l iz ing w i t h  0.8  ml Rompun (Sayer) 
and sodium gentobarbi ta l  (?:enbutal, Abbot=) anesthesia. 

was put  cn the  bag to   s ea l   t he   i n t e rna l   o r i " :  &lce 

A so-called  Eeces  "catcher" was a t t ache6   d i r ec t ly  unser  t he   anus   t o   co l l ec t  
, f e c a l  samples. 

. .  

91ocd  samples  were  taken r'rom the jugul3-r vein. 

X i l k  - was co l l ec t ed   a t   t he   i n t e rva l s  skown in  the  attached  tabla.  

4 
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Radioact ivi ty  w c s  ?.easurad by l i q i d   s c i n t i l l a t i o n   c o u n t i n g  usir?g a s u i t a b l e  
colloid-fo-Ting  nir-ture of xylene, a polyethoxyethanol, and ethyl  alcohol  with 
1.1% PPO ar.d 0.14 d b e t h y l  - POPOP. This   sc in t i l l a tor   i s .comparable   to  the 
commercial  product  Instagel  '(Packard  Instrument Co., USA) or Unisolve  (Kochlight 

that provsed c l e a r ,  homogeneous t e s t  samples. 
GB). The r a t i o   o f   l i q u i d  s aq le s  t o   s c i n t i l l a t o r  was maintained a t  a l e v e l  

Processing of blood,  urine, feces, and  t issues was desc r ibed   i n   de t a i l   i n  the . 
first study (1). 

One ml'milk was mixed w i t h  1 m l  Digestin (Xerck,  Dannstadt)  and  then  added to 
the s c i n t i l l a t o r .  

Subtraction of background r a d i o a c t i v i t y  was made by processing  and  measuring 
comparable  biological material from untreated animals. 

3. Comments on  mathematical  evaldation 

Data i n   p g  were calculated from rad ioac t iv i ty  measurenents made i n   t h e  samples. 
Possible  metabolism of r a d i o a c t i v i t y  was not  taken  into  account. 'When aecessar j ,  
t h e  complex curves were separa ted   in to   the   ix? iv idua l  components  by p lo t r ing  - 
on  gragh Sa-Der. Half- l i fe   values  were determined 

4. Results 
4.1. Blood &vel 

Data  on k i n e t i c s   i n  blood and serum are contained 
i n  Figure 2 .  

by calculat ing f i t t e d  curves. 

i n  Table 1 and the graph 

Drug a b s o q t i o n  was steady and  slow with blood levels  Cietectable  only  ar 'ter 
3 hours post dosing. The blood level  reached a peak  of 0 .52  pg/ml 28 t o  30 hours 
a f t e r  the drag. 

Serum l e v e l s  were measured p a r a l l e l   t o   t h e  blood and were higher   in  a l l  instances 
(Tab. 11. The d i f f e rence  between  these two  concentrations was g r e a t e r   i n i t i a l l y  
but  decreased  with time. Commencing from ,the time of  peak leve ls ,  serum concentration 
was sti l l  402 above  blood l e v e l s  of drug. 

Concentrations in both serum and  blood  declined a t  an  equally  rapid rate. The 
concentrat ion  in  blood could  only be measured for five  days  (0.1 nl - t e s t  sample). 
Hal f - l i f e  fo r  the  tirue period betwe.= m a x i m u m  and 4 days  postdose w a s  15 hours 
(segment 8) .  T h i s  is a l s o  the half-l ife in tho same time  period i n   s e w  (seqinent SI. 
Since 2-ml samples were neasured  in the serum, the levels  could be followed 
for a considerably  longer time making i t  possible   to   plot  the to ta l   curve .  

A double-phase  elimination was not&. A hal f - l i fe  of 5 days was recorded  for 
the slow  phase 111,. Phase 11, -&lded i hal f - l i fe  of 11 hours. The 15-hour 
value  for  segment S stemmed from t h e  overlapping  of both 2hases. 
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4.2. Eiimination 
4.2.1. Hilk 

with  milk, 0.30% of thedeliveredr~dioactivity vas eliminatd (Tab. 1). The 
highest   concentration Of 0.55 yg/;nl was fouzd in the milk between 8 and 22 hours 
post h g .  Comparison of  milk and se-w levels  (Fig.2) showed that Concentrations 
i n  the  milk were matkedly higheronly   dur ino   the   f i r s t  8 hours   af ter   adminis t ra t ion 
A t  the   fo l lowing   co l lec t ion   in te rva l   bo th   va lues  were prac t ica l ly   equal  and 
subsequentai lk   concentrat ions were always below serum l e v e l s  (Tab.1).  The l e v e l  
of r a d i o a c t i v i t y   f e l l   u n t i l  it reached assay  l imit  after about 6 days (0.002pg/ml) 
with a h a l f - l i f e  of 14 hours. There is no slow  phase i n   c o n t r a s t   t o  serum 
(blood) levels .  

4.2.2. Urine and Feces 

Almost 77% o f  t!!e ora l ly   admiqis te red   rad ioac t iv i ty  was found i n  the f eces  and 
14% i n  the ur ine  (Tab. 2 ) .  ?igure 3 shows the  elimination m e  i n  u r ine  and 
feces.  Excretion of - radioact ivi ty   with  the uriae begins from the   third  day 
post dose;   with  the  feces ,  from the  second  day.  mcretion  follows a 2-phase 
process as was a l s o  established for serum. In   addi t ion ,   ha l f - l ives  a r e  s imi l a r  - 
t o   t h a t  Found i n   s eFm.  

4.3. Dis t r ibu t ion  

The cow w a s  k i l l e d  15 days af te r   dos ing  
Table  3 were measured. for r a d i o a c t i v i t y .  

Out of the  very low tom1  concent ra t ions  

Xfter  ttre  slower  phase  only 33 of the  dose was 

d i s t i n c t l y  above the  assay lhit detectecl a t  1.4 sq/q = L 

azd the  organs 

fourd , only  in 

: eliminated. 

and t i s s u e s  listed i n  

t h e   l i v e r  was a l e v e l  
0.30% of  given dose. 

' Considerably lower concentrations of 0.09 pg/g in  the  kidneys and 0.05 pg/g i n  
- the   gal lbladder  follow& i n   t h e s e  two systems  involved wiC7 elimination. 
Detectable   levels   aE3.92pg/g  in  the  lungs and gonads  were a l r eady   j u s t   s l i gh t ly  
above the assay linit. The same was the  case for the  adrenals. 

Recover- amounted t o  91%. The s t u d i e s  were carr ied  out  by: 

D r .  Rerok, RCL: Synthesis of HOE 881 - 14C 
D r .  LOtzsch, RCL: P u r i t y   t e s t  
Mr. EbeL, 3harmacist  and bk!r. Tillmann,  Pharma-Galenik 

(2har;aaceutical Development Laboratory):  Xanufact.  of  Preparation 

' (signed) 

C h r i s t ,  Kellnet 
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Time after 
Administr . 

1 h 
2 
3 
4 
5 
6 
7 
8 

24 
26 
28 
30 
32 

2 d 
2.3 
3 
3.3 
4 
5 
6 

6.3 
7 
7.3 
8 
8.3  ' 

9.3 . 
9 

lo 
lo. 3 
15 

r Concent. 
I Blood 
.lg/!!'Il 

0.02 

0.02 
0.02 

0.05 

0.09 
' 0.13 
0.16 
0.22 

0.50 

0.49 
0.52 
0. 52 
0 .  so 

0.35 
0.26 

0.12 
0.08 
0.04 

0.02 

: 0.02 

c 0 . 0 2  

t i o n  
n Semm 
1g/ml 

0.002 

0.009 

0.037 
0.086 
0.1s 
0.20 

0.26 
0.33 

0.67 

0.69 
0.71 
0.71 
0.67' 

0.39 
0.35 
0.17 
0.12 

0.049 
0.033 
0.024 
0.023 

0.021 

0.. 0 20 
0.018 
0.018 
0.014 
0.016 
0.013 

(0.007) 
0 -007 

ime af t .  
iministz 

0-8 h 
8-22 

22-33 
33-46 
46-57 

57-70 

70-81 
81-94 
94-105 

lOS-11S 

116-129 
129-142 
L J  2-1 53 
153-1G6 
166-177 

177-190 

3-190 h '  

:oncentr. 
i n  !4ilk 
Ip/ml 

o .16 
0 . 5 9  
0.54 

0.41 
0.27 

0.14 

0.060 

0.034 
0.020 

0.010 

0.006 

0 .ooJ 
0 .cot 

e 0.002 
c 0.002 

< 'O.COt  

Conten, 
3 f  kfj.lk 
i Ich 

0.011 

0.096 
0.056 
o .oG4 

0 . o x  

0.022 

0. oobo' 
0.0049 

0.0024 

0 .a013 
0.0007 
o .ooo6 
0. ~ ~ 0 0 3  
.o.oco3 
,o.ooo.l 

:o . oco.? 

0.30 

+) Serum concentrations were taken from the  curve  in  Figure 2 .  

ienm 
lLood 
- - 
- 
1.85 

1.72 
I .67 

1.54 

1.62 

1.50 

1.34 

1 . 4 1  
1.57 
1 .37 
1.34 

1 . 4 0  

1.35 
1.. 42 

11. So) 
11.22) 
11.65) 

NiIk , 
;e-T+1 

- 
1.9 
1.1 
O.?S 

0.66 
0.63 
o.SG 
0.43 
0 . 4 4  

0 .44  

0.29 
0.20 

0 .15  
0 .O,J 



Table 2: Excretion with urine, fzces, and milk (milk: see also Table 1) 
aftzr -Or31 adi=iniszrc:ioa 3:-5.3 ag %e 881-C1' per  k g  body 

, 
.-. - - 

\ 
. .. weight :o a cow. 

L Excretion o f  dministered  Radioactivity  in % Time after 
.Ptdministration 

. 0-2 h 
2- 4 
4-6 
6- 8 
8- 24 

0-1 d 
1- 2 
2-3 
3-4 ' 

4-5 

5-6 
3 6-7 

7-8 
8- 9 
9- lo 
10-11. 
11-12 
12-15 
13-14 

' 14-15 

0-15 d 

Excretion 
- 

Mi lk Urine 

0 .OO4 

0.027 

0.11 
0.17 
2.8 

5.1 
4.5 
3.7 
1.8 
0.53 
0.19 
0.091 
0.052 
0.029 
0.020 

0.013 
0.010 
0.008 

0.007 
0.005 

11.1 

91 .o 

Feces Lavage 

i 

. .  

28 
29 
11 
2.3 ; 

'4.7 
0.63 
0.38 

0.21 
0.075 

0.057 

0.046 

0.033 
0,025 
0 .o 22 
0.014 

F 0.09 

0.04 

0 .ol 
0.00 3 

76.5 0.14 0.30 

r 
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to a cow. 

Pancreas 
Spleen 
Adrenals 
Stomach 
Small intestine 
Co 1 on 
Kidneys 
Gonads 
Liver 

Gal I b iadder 
Heart 

Lung 
Bladder . - 

Blood 
Muscles 
Subcutineous Fat 
Suet 
Brain 

Uterus 
omasum 
.#OmaSUm 

Udder 
c .  . 

Concentration 

' yck  

0.01. 
< 0.0s 

0 .ol 
4 0.01 

* 0.01 
e 0.01 

. 0.09 
0.02 

1 .4  
0 .os 

c 0.01 
0.02 

c 0.01 
0.02 

c 0.01 

0.01 

u 0.01 
< 0.01 

0.01 

0.01 

. <  0.01 
e 0.01 

. 

0 0 .-3 
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Figure 1: Radio Thin-layer Chromatapram 
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Enclosure to XU RCL Dr.Kn/Tr -5776- A p r i l  25, 1975 

TO: Dr. Christ, RCL, Med.Dept. via Pharmac.Research, C 838 
R O N :  Pharmaceutical Development . .  

6230 Fran!!hrt/M-80, January 17, 1975 

Ebe1 (Pham.) 34/75 

In  compliance w i t ?  your  order No. 10/75 you receive: 

ca. 160 g of a 2.5%  Suspension 
Preoaration Hoe 881-C 
Batch No. 4072 IX a 

14 

Activity : 260.9 pCi/ml 
Act.substance . : Batch NO. 4072 XI 
Spec .ac t iv i ty  : 10.1 &i/g 
Contents : 25.8 mg/ml 
Test certificate : No.817 , date 1-14-75 from Dr. Christ's taborator>r/RCL 

; 

I 
t 

i 
1 

csign. Jibel) 

I 

I 



k. ,Keliner, Dr. Christ 

H0eL-s; Ak:ienSeseilsdmft 
Pnarma Forsciung 
Radiociernie 

F-Ikhst, X .  April  1375 
Dr.Kn/Tr - 5776 - 

an einc Kuh 

Zm Kac wurde:! fast 77 4, der xgefuhr t en  a s i s  xieleryetkdsz, 
im Win 1: 'J md in der Nil& ZLX 0 . 5  ", . Die hsscheidunq 
ver l ief   W.l ich schnel: wie die Elimination  aus Rlut urd 
S e m .  Fiiu'tehn Tage p .  appl. wies bei den  insgesamt  sehr 
ni'edrigen bnzentrationer, die Leber mit 1.1 P p/s (e 0.30 1 
der  appl. b s i s j   d i e  hachste  Radigakti-tit4t auf. 

Xn allen  mderen Drpanen/Gewcben lagen die b x e n t r a t i w m  
unter 0.1 gig, tum grci3nn Teil s o ~ a ;  unter 0.01 p? / i? .  ).' 

R E C E I V E D  

- 2 -  
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1. iraqestellung 

b s  Brei t spektnmnthe lminth ih  Hoe 881 ist hinsichtl ich seines phama- 
kokinetischen Verhal tens neben anderen Tierarten  auspihrl  ich am kl  eincn 
IViederkYuer (Schf) untersucht worden (1,t).  Da &s Prsparat auch fur 
d ie  Ee:handlung des ?.hnbefalls  bei  Rindem vorgesehen ist,  '.taren pharma- 
kokinetische Untersuchungen such am groflen WieCerltliuer e r fxde r l i ch .  .Us  
Versuchstier war eine  laktiermde Kuh vorgesehen. 

2. k t e r i a l  und &thoden 

2.1 PraDarat mci Tomlier tme 

Alle Angaben, die  die  >krk ie ruq  vorc k e  331-I4C Sccrsfr'en, sin6 i n  der 
ersten ?!iztei?ur,g enthalten (1). .4b\<eichend davcn Serrq &ie s?ezifischc 
Radicaktivicat  der  vpmecdeten Charge -lo72 IIa 10.1 K i / g  ( 3 . 7  x lo  8 

sec g ; Ergebnis der  Rcinheitsprtifuy 5 .  .4bb. 1;. h s  PrYprst  hatee 
eine  spezifische  Cberflgche \-on t o  n-/g (genessen am 6.12.1974 nach ET, 
Gasadssqtion mic .*Son in   der  Abteilung 3 r  hpewandte Thysik) . 

-1 -1 
1 

Die vcm Galenischen  Laboratcrim  angefertigte  iubereiwng bar eine  b5fkige 
Sus?ension n i t  eicm :';irkstoffgel-dt van 2.6  5 (s. Abgabescheir. ?hanna-GaLe- 
nik in .Anhang). Si2 entspracn  in  ihrer  lbrigen  Zusmenseczung  der gebrauchs- 
fer t igen 2 .S  b igen  w&!rigen  Suspension fiir orale Zwecke. 

2.2 Vcrsuchstier 

2.2.1 Haltur..:! und Futtcr 

A h  Versucht ier   diente   e ine etwa 3-jgkige schvarzbunte  Niedermqskuh 
(Ohmrke  rechts ?It. Y 35) mit eincr durcSschnirtlichen  tlplichen  ?filch- 
leistung von ca. 6 1. Sie wurde t u r  Eingekiahmg bereits  eine kbche vor 
Versuchsbeginn in  ein  Stoffxechselgzstell  gebracht, das in   seinen Abmes- 
sungen eine3 Yi:tel?angscand entsprach. .4n Tag der . h f s a l l u n g  wog die  .!Lh 
nach d e n  ant l i then Kiegeschein 149 kg. In den ersten Tagcn ginp  die Futrer- 
aufnahe  etxas :u52c:(, na,h 3bcr vom 4. fag an wicdcr IU und stabi1isior-n 
sich darn aaf e i x  cSglich konstantc Fu::enengc. In dieser .l\nfannsp'mse 
der Ce.~Ohnung an das S:ofF~echsc~ges:elI :rat eine  leichte GtwichtsrcCLi - 
t i on  si?., die auf ca. 2 5 - 3  kg gesch2t.t wrde (s. 2 . 2 . 2  b s i s ) ,  also .-n:m: 

l o  S lag. 
- 3 -  



Die F5ttzm.g  bestand aus Eeu  und  Wasser (Selbsttrlnke) ad libitum und CO. 

2 kg Nilchviehfutter und 3 kg Hafer i n  2 Tagesportionen. 

Die Raumtqeratur  lag zwischen 22 md 24 OC, die  relative  Luftfeuchte 
zwischen 55 und 60 S . 

2 . 2 . 2  Applikation und Dosis 
. .  

Die Applikation wrde  erst vorgenmen, nachdem Futteraufnahnte und Milch- 
leistung  konstant  blieben. Die vor der Behandlung durchgefGhrte t iergrzt-  
liche Untersuchung ergab  keinen  Himeis auf einc Erkrankung. Die A7plikation 
erfolgte norgens ni: einer Nasenschlur.dsor.Ce. In 37 ml Suspension wrden 
2 250 mg !be 881-"C (e 22.7  nCi) verabreic'nt. Diese \!en$e kiirde bei e i n m  
gtschitzttn Ge:cic'nt der Kuh von 420 kg einer b s i s  vcn 5.3 ma 'ioe 881-l'C 
pro kg MTerge1,cicht entsprechen.' L! Suqensionsriickstande in   der   re la t iv  
laigen %E& tu vemeiden, r d t e  zit ca. 500 m l  Leitur.gstJ.clsser ?!chqespiilC 
wcsdc;l. .h .Abed ':or %r .Qplikation trar der Kun 43s huhf9t:er entzogen 

wrden.  Umittelbar rut! der Gabe kcnnte s ie  %u wierier M C ~  Belieben auf- 

ne'hen . 

ulr den E getrennt vom kt gewinr,en zu k5men, wurde ein  Ballonkatheter 
in   d ie  l!aarr,blase mter  extraduraler  haesthcsie  eingefiihrt . .hschliel3end 
trurde der b l l o n  mit FlUssigkeit ~ f i f l l t  und damit e in  Herauspressen  des 
Katheters  verhindert. Der Katheter war so am %&ant der Kuh f ix i e r t  , da13 
e r  standig  unter  leichtem lug stacd und so d3s Orir 'icim  internm  der Parn- 
blase verschlol3. D a m i t  war ein  voll ig ver?us:freier Gewinn des  !Jrins gew2hr- 
le is te t .  Der Katheter war rnit einer  Schlauchleitung verbunden, d ie   in   e in  
Glassmelgef%  fiihrte. Dem k i n  im Smn.elgeF2 wken  tag l ich   e in ige  
Thymlkr i s ta l le   zqese t t t  werden, urn eine  sofortige  bakterielle  Zersetttmq 
zu verz5sem,  die zu einer  asredierenden  Parnblaseninfektion  Mtte Eiihren. 
konnen . 

Die Kuh w r d e  durch Entblaten  rctotet, nackdem s i e  vorhcr mit einm Trnn- 
auil izer (0.9 a1 bpm, Fayet) ruhizgestellt und mit Pentobarbital-Sa 
(SmSutal, Abbott) anaesthesiert worc!en bzr, 

- 4  - 
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Der - Kot mrde iiber eine sag. KotscSiir'te, die  direkt  unter dem r t t e r  bcfe- 
s t i g t  kar, in  das :(Otsarrmelgefa gelei te t .  . .  

Plutproben stananten aus  der Vena jugularis. 

Ftir Milch  konnen die  Samelintenralle den Tabcllcn i r n  A h n s  entnomen 
werden. 

.. . 
2.3 Aufarbeiturg der h b e n  m d  MelJtechnik 

Fiir die ~ioak t iv i tP t smessung  nach d m  Flilssigkeitsszintillationsverfahren 1 

diente  eine  fur  Qlloidbildung  geeignete Mischung aus  Xylol, einem 201y- 
3thmyat,Sai?ol und Xchanol m i t  1.1 9 PFQ und 0.1 % Dinethyl-POPOP. Dieser . ._ 

Stict i l laccr  ist ;nit den tiandelsprodukten Instagel (Paclcard Instrument 
Comp., L'S.4) 53;. ?hisolve  (Kodtlight, Ga) vergleichbar. Cas VerMltnis 
der  tiUrigen ?roben x r  Szintil1a:orflirssigkeit war srets  so geMhlt, d& 
klar:, hmcgene XeapYoben vc2rlzgen. 

Die .~~farheitung5.;erfahren fir - Blut ,  Urin, - Kot und  Cexebe yrden   bere i t s  
bei den ersten Untersuchungen aurftihrlich  beschrieben (1). 

Von der - >tilci! mrde I ml mi: 1 ml Digestin (Yerck, Damtadt)   versetzt  und 
dann der  Szintillamr  xgegeben. 

Z u r  hbllwertsubtraktion  wrde entsprechendes  biologisches a te r ia l  von 
unbehandelten Tieren  aufgearbeitet und gemessen. 

3. .her:cur.gen :ur re&..erischen .Auswertung 

Die hgaben  in yg  mrden  aus dem RadioaktivitPtrgehalt  der M i e n  errech- 
net. Eine mogliche  >!scabolisiexung blieb  unberticksichtigt. Die kon$lexen 
&men wurden - wen  erforderlich - durch  graphische Analyse in   d i e  ein- 
zelnen &(omponenten :erlegt. Die E e s t i m g  der angegebenen Palbwertszeiten 
erfolgte  durch .i\uspleichsrechnung . 

. -  
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4. 

4.1 

Ergebnisre 

Blutspieqel 

Die Daten iiber die  Kinetik i n  Blut und Semn s id  i n  Tabelle 1 enthalten 
und i n  Abbildung 2 graphisch  Oargestellt.  

Die Resorption  verlief langsam und s t e t i e ,   de r  erst? rachweisbare  Blutspiegel 
t ra t  3 h p.a?pl.  auf. Das hximum in Blut’ 23 b i s  30 h M C ~  der  Gabe 
m i t  0.52 g/ml erreichr .  P 
Im S e m ,  &as paral le l  rm Blut gemessen wurdc, waren die  Kmzentrationen 
zu al len  Zei ten hoher (Tab. 1), dabei mr dieser UnteTschied an .Anfan< 
grofiet,  verringerte  sich  aber mit runeknefider Zeit . Et:\a wn ,ShxLm an 
iaaen  die  Sexmpiege? ncch 40 ‘s iiber  den 8lutsp : L--<”Li .  aral ?. 

Die Konzentrationsabraa’e i n  Serm und Slut WIT gleich sshnefl. In Blut 
b m t e  die Konzeztratior; zui S i s  5 ?age gemessm xerden (a. 1 rni-YeQmben). 
Die tialbwertszeit  fur  den  teitlichen  Sereich zwiscken Xaximrm und 4 0 p.app1. 
betrug 15 h (Ssgnent 3). Diese Palbtiertszeit g i l t  auch f u r  das S e m  LZI sel- 
ben :ei:lichen &rei& (Se-;l.ent S). Ca beim Sera 2 ml-Proben TU rnessea 

karen, kcrace Cet Spiegel hier   vesent l ich  l inger  verfolgt  werden, wdurch 
eine  graphische .Analyse des  Gssamtverlaufs  rrdglich kar. 

Es lUt sich  ein  %ei?hasischer  Abfall erkennen. Far Zen langsamen Vorgang 
111, ergab sich e ine   h ibwer t s t e i t  von 5 d. FCir Vorgaq 11, lieferte d i e  
graphische Analyse eine  Palbwertszeit von 11 h. Eer h’ert von 15 h in Seg- 

mezt S komt durch  Oberlagerung dieser  beiden Vorgiinge zustande. 

4 .2  .hsscheidtmq 

4.2.1 Xilch - 
Nit der Stilch wurden 0.30 0, der  applizierten  Radioaktivitit  ausgeschieden 
(Tab. 1). Die hochste  ;ion;entration  wxde  in Cem Genelk x i s c h e n  8 1md 22 h 
p.appl. mit 0 . 3  g/ml geeanden. Ein S’ergleich n i t  den Semspiepe ln  (-4bb. 21 
nacht dcu::ich, da3  die  Konzentracionen i n  der Milch nu: i n  den ers ten F1 h 
p . a s l .   d e u t l i c h  hoher a l s  im Strun gelegcn haben. i m  nachscen  .%mnelinter- 
v a l l  waren sie f a s t  schon gleich und dacach i n   d e r   Y i k h  imer nicdriger 
a l s  im Semn (Tab. 1). 

/u 
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k r  Radioakzivitatsqiegel fie1 bis  ;*an Erreichen  der  SacSweisnenze 
nach rund 6 Tagen (0.002 g/nI) mit einer  k1bwerts:eit von 14 h ab. In 
Unterschied tun Serum (Blut) fehlte  der langsame Vo-g f anq. 

I .  

P 

4.2.2 Urin ur.d Sot 

Fast 77 I der  oral  xgefuhrten  Radicaktivitat Ibttliden im bt und 14  % i m .  

Urin gefimden (Tab. 2). Abbildung 3 zeigt den .bsscheidungsverlauf fGr 
Urin urd bt. Die Exhetion  folgte beim Urin vom dri t ten,  Sei? Kot van ,rdei- 
ten Tag p.app1. an einem 2-phasischen Roten, wie er auch bein Sem fes t -  
gestel l t   wrde.  k c 5  die  Fa1bb;ertsteiten  sind den dort Refundenen With. 

. .  

Xach Can langsaqeren ?'organg wurden ntir etwa 3 % der bs i s  ausgeschiecien. 

Die YLh x r d e  15 d m d ~  .+?likation ge::'jtet und d i e  i n  Tabelle 3 aur'qefiiihr- 
ten Urgar,e und Geseoe auf ihren  Radioaktivitatsgehlt  wtersccht. 

Von den irssesamt  sehr  rtiedrigen Konzentrationcr. wies nur d ie   i eber   n i t  
1.4 f g / g  2 0.3 3 der  gegejenen Oosis einen  deutiich Uber der ?iac!weis.grenze 
liegerder, Kert auf.  >tit  wesentlici?  nizirigeren  ?hzentrationen w n  0.c9 e/,s 

bzw. 0.05 ?g/g folgzen nit Yiere und Galle 2 tieitere  Systme,  die mit der 
hsscheidung  in Zusannenhng stahen. Die i n  Lunge urd Gonaden nachzewie- 
senen  Koxentrationen von 0.02 pg/ i  lagen sciaon sehr  rshe an der Xscheis- 
grenze.  Dasselbe g i l t  auch fiir die  Xebennieren. 

Die B i l a n z  betrug 91 3.  

7. 

An den Untersuchw.gen  waren be te i l ig t  : 
Dr. Herok, RCL: Synthese vcn Eoe 9S1-14C 
Dr. Lottsch, RCL: Reinheitspfifung 
Ap.Ebel/Herr Ti lhann,  PharmaCalenik:  Anfettigung der   luberejmp 



' j  
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Z i t a t e  

(1) h-. Kellner, Dr. Christ 
Pharmakokinetische  Untersuchmgen Mch oraler Gabe  von b e  881 an 
Schafe, Hmde, Iianinchen und Ratten 
(AN 3376 vom 29.6.1973) 

( 2 )  Dr. Kellner, Dr. Christ 
Untersuchunzm x r  Phamakokinetik nzch intravmoser Tmd oraler 
Gabe *;on b e  S31-14C an  Ratten, Kaninchen, i-!unde, W2fe urid 5ckzir.e 
(AV 4911 vom 2.9.1971) 
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1. h 
2 
3 
4 
5 
6 
7 
8 

24 
26 
28 
30 
32 

2 d 
2.3 
3 
3.3 
4 
5 
6 
6.3 
7 
7.3 
8 
8.3 
9 
9.5 
lo 
io. 3 
15 

14 0.02 

.c 0.02 

0.02 
0.0s 

0.09 
0.13 
0.16 
0.22 

1 1:: 
I 0.52 

o.St  

0.50 

I 
0.35 
0.26 
0.12 
0.08 
0.04 
0.02 

c 0.02 
-c0.02 

I 
I 
I 

im Bluc ' 1  

4 

im Sem 
q/ml 

r0.002 

0.009 
0.037 
0.086 
0.15 
0.20 

0.26 
0 .33  

0.67 

0.69 
0.71 
0.71 
0.67 

0.49 
0.35 
0.17 
0.12 
0.049 
0 . 0 3  

0.024 
0.023 

0.021 
0.020 

0.019 
0.018 
0.014 
0.016 
0.013 
(0.007) 

0.007 

Zeit 
P.aPp1- 

0-3 h 
8-22 ' 

22-33 
33-46 
46-57 
57-70 
70-81 
81-94 
93-105 
lO5-lIS 
ilS-12s 
129-142 
1J2-153 
153-166 
166-177 
17-190 

s-1% h. 

- 
K 
i 
e Y 

. 

I 
1 

bnzentr . 
, .d .?Tilth 
d m 1  

0.16 
. 0 . 5 9  
0.54 
0.41 
0.27 
0.14 
0.060 

0.035 

o.oz:, 

0.010 

0 .ooe 
0.004 

0.ooz 

c 0,002 

c 0.002 

: 0.002 

lilch 

0.011 ; - 
0.096 j - 
0.056 1 1.85 
0.064 : 1.72 
0.031 . 1.67 
0.022  1.s4 
0.0~60 1.62 
0.0029  1. so 
0.0024 

0.~013 1.33 
0.0007 ' 2.41 
0.0006 .I 1.37 
o .so03 1.37 

.o.o003 . 1.3d 

.o.o003 

0.30 
1.35 

- 
[i l ch  
;Cnrm+j 

- 
1.9 
1.1 
0.78 
0.66 
0.63 
0.56 
0.43 
0 .?4 
0.44 
0.29 
c. lo 
0.15 

0 .c8 

+) Semnkonzentracionen  wrden d m  :Kuwmverlauf i n  Abb. 2 e n t n m c n  
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Zeit p.app1. 

0-2 h 
2-4 
4-6 
6-8 
8- 24 

0-1 d 
1-2 
2-3 
3-4 
4- 5 

5-6 
6-7 
7-3 
8- 9 
9- lo 

10-11. 
11-12 
12-13 
13-14 
14-15 

0-15 d 

Ausscheidung 

hozent der  applizierten  Radioaktivittit . 
b i n  

0 -004 
0.027 
0.11 
0.17 
2.8 

3.1 
4.5 

3.7 
1 . 8  
0.53 
0 .19  
0.091 
0 .052  

0.029 
0.020 

0.013 
0 .olo 
0.008 

0.007 
0.005 

1 4 . 1  

91 .o 

Kot 

2a 
29 
11 
2.3 
4.7 
0.63 
0.38 
0.21 
0.07s 

0.oSi 

0.046 
0.033 
q.025 
0.022 
0.014 

76.5 

Spiile 

0 -09 
.0.04 

0.01 

0.003 

Milch 

0.30 

I 
/ 



Konzcntration 

~ - ~~~ ~ ~~~ 

Pankreas 
Milt 
Nebennieren 
&Magen 
Ditrnrdam 
Dick&m 
Nierer. 
Gonaden 
Leber 
Gallc 
Rerz 
Lunge 
Earnblase 
Blut 
bfus?datur 
Unzerhautfett 
Nierent'ect 
Gehirn 
Uterus 
BlPttermagen 

kbJ=ge_n_, . 
Euter 

L 
)"/R 

< 0.01 

< .o.os 

0 .ol 
0.01 

r: 0.01 

.c 0.01 

0.09 
0.02 

1.4 
0 .os 

c 0.01 
0.02 

< 0.01 

0.02 

< 0.01 

c 0.01 

< 0.01 
< 0.01 

0.01 

0.01 ' 

.r. 0.01 

-? 0.01 
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10 / 75 
Gem53 Auftrzg Nr. ____.._ .__,_..-__ . erhalten Sie: ca* 6 O  g 
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Fenbendazole - Photodegradation in Water with Simulated Sunlight 

SPONSOR: Hoechst-Roussel  Agri-Vet  Company 

PROTOCOL  TITLE: "Fenbendazole:  Photodegradation in Water  with  Natural  Sunlight, 
Following  FDA  Technical  Assistance,  Document  3.1 O.", Springbom 
Laboratories,  Protocol  #031894/HRAV/FDA  TAH#  3.10  and  Protocol 
Amendment #1 dated  12  January  1995. 

REPORT NUMBER 95-4-5792 

STUDY  NUMBER: 1 7 I 9-0994-6241  -720 

TEST  ARTICLE I 
REFERENCE 
STANDARDS: Fenbendazole,  Lot No. Y-10911,  CAS  Registry .No. 43210-67-9,  a 

white  powder  with  a  punty of 100.4%  reported  by  the  Study  Sponsor 
with an  expiration  date  of 1 August  1995,  was  received  from 
Hoechst-Roussel  Agri-Vet  Company,  Inc.  on  30  September  1994. 

["C] Fenbendazole,  Batch No. 61 191, with  a  radiochemical  purity of 
98.3%  and  specific  activity  of  7.86  pCi/mg,  was  received  from 
Hoechst-Roussel  on  4  October 1994. 

A  reference  standard  of  fenbendazole  sulfoxide  (oxfendazole),  Lot 
No.  A  001,  with  a  purity  of  95.1 % and  an  expiration  date  of 
November  1996  reported  by  the  Study  Sponsor,  was  received  from 
Hoechst-Roussel  on  4  October  1994. 

A  reference  standard of fenbendazole  sulfone,  Lot No. MR  12  972, 
with  a  purity  of  99.1 % and  an  expiration  date  of  July  1996  reported 
by  the  Study  Sponsor,  was  received  from  Hoechst-Roussel  on  4 
October  1994. 

2 

DEFINITIVE  TEST 
DATES: 31 January  to  23  March  1995 



’ ’) PROCEDURES 
FOLLOWED: The effect of  simulated  sunlight  on the  photolytic  degradation of 

aqueous  solutions  of  fenbendazole  was  tested  at pH 5, 7 and 9. 
Although,  testing  at  each pH is not  required  for  test  articles  which  do 
not  dissociate in water,  the  study  was  conducted  at pH 5, 7 and 9 
to provide  data  under  a  wide  range  of  conditions,  especially  since  no 
degradation  pathways  have  been  established in the  environment. 
Actinometer  (reference  material)  solutions of para- 
nitroacetophenone (PNAP) were  analyzed  concurrently with the  pH 
5, 7 and 9 test  solutions. 

RESULTS: 

Sampling  and  analysis  for [‘‘C] fenbendazole  consisted  of  an 
extraction  method  where 4 to 5 separate  tubes  for  the  light-exposed 
and  dark  control  solutions  were  combined,  each  containing 
approximately 12 mL, to  provide  triplicate  replicates for solid  phase 
extraction (SPE). Eluent  from  the  solid  phase  columns  were 
analyzed  utilizing  high  performance  liquid  chromatography (HPLC) 
with  fraction  collection  and  subsequent  radioassay. 
Radiochromatograms  (histograms)  were  constructed to quantify  the 
concentration  of  fenbendazole  present.  Samples for PNAP were 
analyzed  by  high  performance  liquid  chromatographic  analysis  with 
UV detection. 

Additional  exposures  at  pH 5, 7 and 9 were  conducted  upon 
completion  of  the  definitive  portion  of  the  study,  with  a  large  number 
of replicates,  to  provide  enough  volume  for  photodegradate 
identification.  The  combined  volume of these  replicates  was 
extracted  using  a solid phase  system  and a photodegradate  profile 
determined  based  on  chromatographic  comparison of retention 
times  with  the  Sponsor  supplied  standards. 

The  following  table  summarizes  the  photolytic  rate  constants,  half , 

lives  and  quantum  yields  of  fenbendazole  determined  during  the 
study. 

000326 



Aqueous  Photolysis of Fenbendazole 
%i Actinometer  Solutions 

ExDerimental  values 

Rate  Coefficient of Half-Life  Quantum 
Constant  Determination tA Yield 

(day) @=E kP 
(day') 

Light-exposed 

pH 5 (FBZ) 1.15 0.81 6 0.604 0.0326 
PNAP 0.242 0.917 2.87 NA' 

pH 7(FBZ) 1.47 0.358 0.470 0.0441 
PNAP 0.203 0.871 3.42 NA' 

pH 9 (FBZ) 1.65 0.499 0.421 0.0493 
PNAP 0.203 0.947 3.41 NA' 

Note:  All  linear  regressions  were  forced  through  zero. 

* These values  are  not  applicable;  quantum  yield of actinometer 
solutions  are  used  as a reference. 

Aqueous  Photolysis  of  Fenbendazole 
Environmental  Values 

Direct  Photoreaction Environmental 
Rate  Constant Half Life 

kpE (daY-') tlm (days) 

PH 5 
PH 7 
PH 9 

0.972 
1.32 
1.47 

0.71 3 
0.527 
0.47  1 

000927 



CONCLUSIONS: Fenbendazole  was  rapidly  photolyzed in aqueous  solutions at  pH 5,7 and 9. 
Many  small  polar  peakskwere  formed  during  exposure,  with  no  single 
photodegradate  greater  than 10% of  the  applied  dose.  Therefore, 
identification  and  characterization  was  not  of  concern.  The  photolytic  half- 
lives  were  experimentally  determined to be 14.5, 1 1.3 and 10.1 hours in 
aqueous  solutions  at pH 5, 7 and 9, respectively. The environmentally 
relevant  half-lives  (corrected  for  surface  water  geometry) of fenbendazole 
were 17.1, 12.6 and 11.3 hours  at  pH 5, 7 and 9, respectively.  Therefore, 
fenbendazole is expected  to be rapidly  photolyzed in natural  bodies  of  water. 
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T,WNSLATION 
i 

Dr. G. Klopffer 
BiochemistFy  South H 821 

November 27,  1975/31. 

M~ETASOLISrM STUDIES WITH S 71  1881 IN S%EEP, CASTLE A N 3  PIGS 

S u m m a r y  

' After single  oral  administration of 5 mg/kg each of Hoe 881-14C, a quantitative 

metaboliie  pattern was determined in  the u r i n e  and feces  of  shee?,  ccitle  and pigs. 

- 
I he main  metabolites  were  isolated from cnincls treated with inactiva  conpcucd 

ar.d their ckemical  structure was estcilished ( dicgrcm 1 ). Compound 2-ccrSonethoxy- 

amino-5- (4'hydroxyihiophznoxy)-benziniiazole was found io be the most importcnt 

metcbolite in sheep cad caftle urine. In pig urine,  4 metcboliies ere presenr in  Icr,-e 

concentratiors, cmong fhese also  the hydroxy compouad. In the feces of all animals, 

most of fke compound is excreted unchanged, cpart from 4 to 5 metcbolitzs in low 

concentrations. One o f  these was identified cs a sulfoxide  derivciive of the  orislncl 

compound. 

Cozpound: 

5 71 1881 

- s \  
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Animal  experiments: 

The-experiments  with  labeled  substance  were performed at  the  tbdiochemical 

laboratory. T h e  specific  activity  amounted to 10.8 mCi/g, 7.1 mCi,/g and 

10.1 mCi/g, depending on the batch used.  Five  sheep,  three  pigs  and one cow 

were  treated  orally  with 5 mg/kg Hoe 88l-I4C. One sheep was intravenously 

injected  with 0.51 rzg/iig Hoe 881- C. For the  meiabolic  tests  we used u r i n e  

cnd  feces from pigs collzcfed  over 0 - 72 hours, from the cow  and shee;, over 

0 - 120 hours &ter  administrction. Ail  samples  were  stored  deep-frozen  until 

14 

cnalysis. The exact  stuiy  outli.ne is given in the  reporb of Drs. Kellner/Chris:, 

dated J u n e  29, 1973, L p t .  -2, i 974 and April 25, 1975. 

i he cnimal  tests withcut  ;cdioactively laheled subsicnce  for  isolating ihe mefcboIites 

were performed in CollcSoration with Dr. Dijwel ( Laborctory for !+elnictkology ). 

The  sheep wsre treated  with 500 mg/k3 Hoe 881, the pigs with 100, Silo or 1000 mg/kg, 

and the cattle with 5CO or 2000 mg/kg. Ur ine  and feces were  collected up to 120 hob:$. 

Anclytic Ketkods: 

Gefore exrraction  with  orgcnic  solvent, i h e  samples were  Incubcied  wits an enzyme 

mixture of //;r -gIucuroni~cse/ar/IsuIfctcse in acetcte h u 3 e r  ( pH = 5.5 ) for 16 houn 

a t  3 7 O  to split  any  conjugctes. 

‘I 
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Klopffer 

After several 

radioactivity 

extraciions with the five-fold volume of chloroform, 85- 95 % of the 

present i n  the  urine was transferred from the  incubated  urine  solution 

to the orgmic solvent. I he samples o f  feces could be extracted almost quantitatively. 
- 

. . The separation of the individual substances WQ performed by thin-layer  chtonatosrcphy 

on precoated silica gel pictes PF 254 + 366' As eluents we  used: 

A: efhaml - ccetone - benzene - 25 % ammonia solution = 5-45-43-1 

8: chlor&orm - ethyl  acetcte - cceiic  acid = 5C-50-4 

C: methylene ch!orida - me:hcnol = 9-1 

With  the  acid  eluent vcriar,ts of different composiiion ware used. 

Af:zr the  ckrcrnaiogrcrs  hcd developed, the plares were dried cnb the  activity 

dkfribution wcs recorded with c  f'nin-lcyer rcdioscanner. The  number cnd  pcsition 

of tke peak showed the  quclifctivz  netcbolite pcttsrn.  :he  cancentration of ike 
- 

individual mefobolites was astcbiished by  extrading the silica  gel layer, which had 

been previously dividzd  into b ~ m  strips, with dimethyl  sulfoxide, cnd then :he 

raiiocctivity was measured in  :he liquid scintillation counter. 

Prz3orative thin-lcyer chromctography ( eluents A, a cad C ) of incctive axtrccts 

from urine cnd Feces encbled us :o isolcte cnd puri? :he individucl  metcboliks for 

checoohyrical struciurai  deterZi2aiion. The site o f  tke  bcnds in  question wcs G t e r r i r . e  

Ly comparing the Fiucresce2ce cJznchin3 i n  :he UV s?ecfrrrm with ~ k 2  5 I x k  vsiue, 

and 5, com?c;ing the 2:-vclues w i t h  ??e rcaiocctive peaks. Identificcfion wcs m d e  

. 
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Klopffer 4 

chromatogrcphic  separation tests  in  at  least th:ee different eluents with mixtures 

containing  synthetic metcboiites produced by Dr. Loewe ( Pharm Synthesis); 

cgoup-speciiic  stcining reactions on the  thin-layer  plcie, e.g. blue  coloration 

of  phenolic OH-groups with Gibbs recgent, or yellow  coloration of suliide-bound 

sulfur with  pallcdium chloride; 

recording of m a s  spectra ( pe';rorrr.ed and evcluc+ed by Dr. Fshlhcber, ?!~arrna 

Synthesis ); 

comparison o f  CV specfra of naturcl and synthetic metabolites; 

mixing of  the cctive  cnd  inactive extrccts and comparison of R f - v d u ~  obtcined 

by thin-layer chromatography. 

-  he excrzfion of  radioactive substances crmunts i o  6 - 9 % during  the in i t i c l  120 

houn in tka urine oi the five sheep treated  orclly, and 7&87 % i n  the feces. 

Figs. 1 cna 2 show the  cualitative  metcboliie pctrerns in  zlueni A determine2 ir, 

sheep No.-5. Table 1 contain; the qumtikafive  distribution o f  xetaboliies 5ouzd 

in  the urine and  feces of all sheep. 

000933 



\ 
i Klopffer 5 

- 

Table 1 

I 
I 
I 

i 

I 

The urine  extract 3; sheep No. 3, which was :retted intrcvanously, S ~ O W S  G crccticclly 

identical metcbolife pcftern when comscred wiih that of the orclly treated cnimcls. 

7 1  

*. 
1 ne main  metabolite in the urine of sheep ( urinary  metabolite 4 ) is :he hydroxy 

compound making u? cn overcge of 4 76. 

000134 
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-  he site o f  the specifically  stained  OH-group WQ shown  by mass spectrometry. 

Comparisons of thin-layer  chromatogram  with  synihesized p- and o-hydroxy 

compounds resulted in a complete  cgreement beiween metabolite  and p-hydroxy 

compound Rf-vclues, but  separation from the o-hydroxy  compound. The m-position 

' is to be  excluded,  beccuse of the  generally lower reacting  ability of this  position 

cnd its certcin!y  different  speed of nigrction on the  siiica  gel  plate. In h e  urine, 

the  origincl compound occurs in trcces  only. 

. Airnost one hclf of the  cdninistered  compcund is excreted i n  the  feces cs origincl 

substcnce. Fecal metabolite No. 3 could be identified as the sulfoxide  of  the 

original compcund by comparing the thin-layer chrornatogrcrn with  synthetic  subsknce. 

~ n r s  metaboiite will be  declt  with  in more detail in the  section on piss. - 1  . 
, 

Ca:: !z 

Excretion  during the  iniiicl  five  days  amounted  to 13.6 % in  :he urine  and 75 % 

in the feces.. The  n.ztaboli:e pattern in both c c s s  consists of 4 mefcboiifes each, 

whose conciniratior, is shown  in $6 of the  administered  dcse in icble 2. In compcriscn 
- 

with the  ofher  animo!  species,  it  should  be  noted  that l i k e  rnefaboiife numbers  d~ Z C ~  

indiccts chemical identity. 



Table 2 

METABOLITE PAFERN IN CATTLE 

. .  
Urine 

. .  
Feces 

Urinary rnetcbolita 1 3 I Feccl ketabolite 1 5 %  
2 295 2 2 %  

3 3 8 $ 
1' 4 6 , 5  c/: 11 4 10 5: 

It 

11 I I  

Origincl corr;,ound 0 , 5  5 Original cornFound 48 .;! 

Figs. 3 and 4 show the  sspcration of the urincry and fecal  extrcct i n  eluent A. 

Idenfification showed ike following resu lis: the p-hydro~/?henyl  darivciive is 

urincry  meicbolite No. 4 ( =  urincry  rzeiabolite No. 4 i n  sheep ). From a :est with 

inactive su!x:ance an additional  metabolite  bcs isolated cnd identified as 2-cmino-S- 

thiophenoxy-benzimidazole. According to i t s  lif-value, it belongs to urinary  rnetoboliis 

1 

1 or 2. 

i 

000336 
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8 - I  
Fecal metabolite 3 is tha sulfoxide  which has already been mentioned in the section 

on sheep; it w 5  identified by mixing experiments with the  radioactive  extract. In f 
i 

caitle, too, one holf of the administered compound  is excreted  unchcnged in the 

feces. 

I 

t 

2ig 

Excretion OF radioactive compounds i n  the urine of h e  three p i g  during the in i t l c l  

three dcys amounted to 30 - 35 % o f  the ad.ninistcred c;ucr,tit./, and 50 - 58 % i r :  

:he feces. 1 ne thin-laysr  radiochromciogram of the u r ine  shows 6 diiizrent meiGbdites; 

and that of the feces, 5 in cddifion to the origincl compound, 

7 

- t  

- 
I cble 3 contains the  distribution of the metcbolites in  ur ine and Feces of the 

individual cnima!s. 

r 

000137 



_ _  
Klopffar 9 

Figs. 5 and 6 show  thin-layer  radiochromatograms using samples from pig No. 3 and 

eluent A. Although p e c k  41- 54 6 in the  urine  and  peaks 3 +4+5 in the feces can 

be recognized,  they  lie foo closely  together  to be quantitatively  sepcrated  and 

evaluated. Therefore, the  total of the  three peck in each cuse was measured and 

' recorded. 

Compared to ruminants, Hoe 881 is CucniItatively  metabolized in a differant wcy 

i n  pigs. While sheep and catfie excrata  aoprox. 10 96 in :he urine, p i s  excreta 

cFprox. 30 96. iurtherrro:e, thz 4 Gricary mztabolites  cre  presznt in approximciely 

equcl concantrations. By thin-layer  chromatogrs?hic  comparison  with  the  synthatic 

substance  and  ninhydrin s:cining, urinary metcboiits 2 WQS identified GS 2-cnino-2- 

thiophenoxybenzinidczo~~, which has be*n tascribed in mare detail In the section 

on ccttle. An additional  rzetabolifa wcs isolcfed from a test with inccfive  substcnce 

and  identified cs :he p-hydrox/pkanyl  compound.  According to i t s  Rf-value, this 

rxtabolite belongs  to  urinary  metabolite 4, 5 or 6. 

- 

Out of the fecal metcbolites 3+ 4+5, :he Icrgest p o ~ i o n  of acTivity is shown 5y :he 

compound identified os the  sulfoxide ( =  Fecal metosolife ). 

.. 
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I 

Pigs also eliminate 40 - 50 % in  the  feces as original compound. 

Tesb with  unincubated  urine  resulted  in a lowei  extraction  yield  (sheep 61 %, 

cattie 39 %, pig 75 % ). 

signed: Dr. Kltjpficer 

- 
I rcns laied 
Jcnucry 12, 1975 
Os. 

, 
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Tierversuche: 
. .  

Die  Versuche rnit  tiiarkierter  Substanz  vmrden  im  Radiocheaischen 
Laboratorium  durchgefiihrt.  Die  apesifische  Aktivit-2it  betrug  je 
nach  verwendeter  Charge 10;8 mCi/g, 7,l mCi/g  bzw. 10,l mCi/g. 
5 Schafe, 3 Schweine unC 1 Kuh wurden o r a l  rnit 5 mg/kg 
Hoe 881-14C behandelt. 1 Schaf m r d e  i. v. rnit 0,51 rng/kg 
Hoe 881-14C behandelt. 2iir die metabolischen  Untersuchungen wur- 
den H a r n  und  Xot  beim  Schwein von 0 - 72 Stunden, beim  Schaf u d  

liche Proben wurden bis zur Aufarbeitucg  tiefgefroren  aufbewahrt. 

.kc. Kellner/Dr.  Christ Tom 29. 6. 1973, 2. 9. 1974 m d  25. 4. 1975 
enthalten. 

. .  

I Rind yon 0 - 120 Stunden  nach der Applikation  verwendet.  Sant- 
'. Die  genaue  Versuchsbeschreibang  ist  in den Berichten der Rerrea 

Die  Tiezversuche rnit nicht  rzdioaktiv makierter  Substam zur . 

Isolierung  der  Metabolite wrden in Zusmnenarbeit  ait Serm 
. Dr.  Diiwel (Lzbor fur h'eiainthologie)  durchgefiiiirt. Sckafe wurdsz 

rnit 500 mg/kg Hoe 861, Schweine  nit 100, 500 bzw. 1000 mg/kg und 
Rindcr  ait 500 bzw. 2000 mg/!:g o r a l  behandelt. !!an und  Kot v u -  
den bis zu 120h gesamelt. 

Analvtische Hethoden: 
- .  

Tor der  Extraktion  mit  organischem  L8sungsmittel  wurden  die Pro- 
beo mit einer Enz-ynisckmg 2us ~ - G l u c ~ ~ - ~ d z s ~ / ~ ~ ~ ~ u ~ ~ ~ ~ ~ . ~ ~  is 
Acetatpuffer (pi5 = 5 , 5 )  16 Stunden bei 37 i&Jbiert  ua  orh ha- 
dene  Konjugate  zu spa l t en .  

Aus den Haiini&abationslosuge~ v.wdc nzch  nehrsdigem E x t r a h i e -  
ren  nit dem fikl.?r'achen Volumen an Chloroform 85 - 95 5 der io 
H u n  vorhandenen  Rzdioaktivitat ins orgznische LGsungssittel ge- 

bracht. Die KotpTo'oen >:o?nten na:?ezu q u a 2 t i t a t i - r   e x t r z h i e r t  we?- 
den. 

! 

/ 3  
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Die  Auftrennung  der   e inzelnen  Substmeen  erfolgte   mit te ls  Dtinn- 
schichtchromatographie   auf   Xieselgelfer t igpl i t ten PF 254 + 3 6 6 .  
A h  P l i e B n i t t e l  wurden  verwendet: 

. A : ' -~thanol-Aceton-~enzol-25~~~moniaklosun,a = 5-45-45-1 
.B : Chlorofom-E'ssigsaureathylester-EssigsEure = 50-50-4 
C : Nethylenchlorid-Kathanol = 9-1 B 

Beim sauren Fl ieBmit te l  wurden  Varianten  verschiedener Zusammen- 
, setzung  verwendet. 

' Nach Entwicklung  der  Chronatogranoe wurden d i e   P l a t t en   ge t rock -  
.net  und d i e  Akti;r i t i i tsverteilung mit einem Zadiodiixnschicht- 
s c m e r  aufgezeic'h.net. Die &z&l und d i e  Lage de r  Pezh-s l ieR 
das qual i ta t ive  Metabol i tnuster   erkemcn.   Die  Xonzentrzt ion  der  
e inzelne3  Metabol i te   wrde  durch  Elut ion  der  ir?. 6 ma S r e i t e  
S t r e i f en   az fge te i l t en   K iese lge l sch ich t  '3it Dinethylsulfoxyd uz2 
nachfo lgender   Xessucg   der   Rzdioakt iv i tz t   in   L iquid   Sc in t i l l a t ic3  
Couater   e rmi t te l t .  

Die przpz-ative Diinrqscnichtchrooatograghie ( Z i i e 9 n i t t e i  A ,  B 
und C )  de r   n i ch t   ak t iven  Harn- und Xoteztrakte  ermtiglichte d i e  
I so l iorung und Reinigung  der  einzelnzn  Xstajoli te fiir d i e  che- 
mlsch-physikzl ische  StrukturauflQamg.  Die Lage d e r   i n   P r a g e  
kom3enden.Banden wrde  durch  Vergleic 'a  der  Fluoreseenzioschung 
io UV n i t  den Leerwert unC durch  Yergleicn  der Rf-Werte mit der? 

r a d i o a k t i v e n   P e a s   f e s t g e s t e l l t .   D i e  Iden t l f i z i e rung  erfolgte 
durch 



. .  '. 

Aufnahme von Iksseos?ektren (durchgcfiilnrt und ausgewertet 
von Herrn Dr. Pehlhaber, Pkarma Synthese) ; 
Vergleich der W-Spektren der naturlichen und der Osyntheti- 
schen  Metabolite; 
liischen des  aktiven und inaktiven Extraktes und Vergleich 
der dunnschichtchromatographischen Rf-Werte. . 

. .  

Erqebnisse: 

Schaf ----- 
Die kusscheidug der radioakti~en Substanaen im E a r 2  betraigt bei 
den 5 oral behandelten  Schafen in den erste9 120 Stmden 6 - 9 5 ,  
i m  Kot 76 - 87 $, 

Die Abbildungea 1 ur,d 2 zeigen die qualitzti7en Metabolitoustsr 
von Schaf 5 in Plie9mittel A. In Tabelle 1 ist Cie q ~ m t i t a t i ~ e  
Zusarmensetzuag der R a r n -  b m .  Kotmetabolite von a l l en  SchaTen 
auf geftihrt . 
Tabelle 1 

Schzf 5 Schzr' 6 

I 
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. .  

Der Harcext rak t   des  i. v. behandel ten  Schafes  3 z c i g t e   e i n   p r a k -  
t i s c h   i d e n t i s c h e s   M e t a b o l i t a u s t e r   v e r g l i c h e n   o i t  dem der o r a l  

. behandelten T ie re .  

Der Hauptmetabolit  l a  Schafharn  (Harnmetabolit  4)  ist  m i t  durch- 
s c h n i t t l i c h  4 die   ?ydroxnerb lndung. .  

. 

Die Lage der s p e z i f i s c h   a n f z r b b a r e n  'OX-GrupDe e r g a b   s i c h  durch 
massenspekCroGet r i sche   Untersuchungen.   ~~sc 'n lch tchroDatogra-  
phische  -TTergleiche D i t  s p t h e t i s i e r t e r  p- ur,d o - E y d r o v e r b i n -  
dung ergzb vollkoamene  Ubereinstionung  der Rf-iYerte von Metabo- 
.lit und p-Bydro;cyv?rbinducg,  aber  Trenzung FOX d e r  o- l iydroxr-  
verbindung.  Die  c-Stellung is t  aufgrur-d der a l l g e c e i n  geringen 
R e a k t i o c s f a i G k e i t   d i e s e r   P o s i t i o c  uad i h r e r   s i c h e r   u n t e r s c 9 i e l -  
l i cksr t  W a ~ d s r ~ n ~ s g e s c b w i n d i ~ ~ e i t  auf der X i e s e l g c l p l a t t e  a u s m -  
s c h l i e 9 m .   D i e   C r i g i n a l s u 3 s t a s z   f i n d e t  ~ 2 ~ 1  i3 Yzrn GUT spuren- 
weise. . .  

P a s t   d i e  Half te  des a p g l i z i e r t e n  P r g p z a t e s  wir? a l s  Orig ina l -  
s u b s t a m  i a  got   ausgeschieden .   Kotne tabol i t  3 h-mxtc durc'n dZz!!- 

. . schichtchrooatogrzphischen Ter,olej.cn o i t   s y - n t h e t i s i e r t e r  Su5- 
s t a n z  a l s  Sulfoxyd  5er   Ozig ina lzaSs tar ,z   idznt l f iz iez t  werdcn. 
Diese r   Xe tz3o l i t  wird in   Abschni t t   i iber  d z s  Schvein  ausf i ihr l i -  
cher   Sehandel t .  



TPzbelle 2 . 

Harn . Ko t 

Harnmetabol i t  1 3 dp Kotmetabol i t  1 5 5  
n 

n 3 0 , 5  k 
n 4 695 k 

I1 3 8 s  
n 4 10 $ 

Orig ina l subs t anz  0 ,5  5 Orig ina l subs t anz  48 $ 

2 295 51 11 2 2 5  

e x t r z k t c s  i g  P l i e S o i t t e l  A d a r g e s t e l l t .  



. .  

natogramn des  Barnes 13% 6 ,  das des   Eots  5 verschiedeze h t a b o -  
l i t e  und zusa tc l ich   d ie   Or ig ina lsubs tanz   e rkezxen .  

In Tabel le  -3 is t  die  Zusmmensetzung der  Metabol i te  i n  Harn und 
Kot de r   e fnze lnen   T ie re   au fgesch lusse l t .  

Tabel le  3 

Schwein 1 Schwein 2 

Harnmetabolit  1 8dp . 6  6 . 
It  2 

1 5  1 %  3 
6 5  10 5 

. n  

C + 5 + 6  

<1 $7 1 %  Kotae taSo l i t  1 

1 5  1 %  Orig ina lsu2s tanz  
10 $ 13 dp 

1: 2 
4 5  8 5  " 3 + 4 + 5  

< I  5 <l 5 

Orig ina lsubs tanz  52 $ 42  5 
> 

Die  Abbilduqen 5 umrd 6 ze igen  8 2 d i o d ~ r , - , s c 4 i c k f c ~ r ~ ~ ~ ~ o ~ ~ a R ~ e  7011 

Schwein 3 o i t   F l i e C a i t t e l  A. Die  Peaks 4 + 5 + 6 i o  Harn  und d i e  
Peaks 3 + 4 + 5 i m  g o t   s i n d  z w z  zu   e ' rkemen,   i i egen  zSer ZY eng 
benachbzrt ,  urn q u a z t i t a t f v   a b g e t r e r a t  und b a s f i m t  zu werden. 32- 
h e r   m r d e   j e w e i l s   i h r e  SurJme gemesszn uzld a-?g?seben. 



.. . . . . . _  

einern'versuch rait i n a k t i v e r   S u b s t a z  wurde e i n  Weit,brer " z o -  
lit i s o l i e r t  und a ls  d i e  p- I iydroxg~henglver5 indun~ e r m i t t e l t .  
Dieser  Metabolit 'ist dem Rf-Vert nacn Harme tabo l i t  4, '5 oder 6 
zuzuordnen. 

. 
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SPONSOR: 

PROTOCOL  TITLE: 

REPORT  NUMBER: 

STUDY  NUMBER: 

SPONSOR PROTOCOU 
PROJECT  NUMBER: 

TEST ARTICLE: 

TEST  DATES: 

SPECIES: 

TEST  MEDIUM: 

TEST  TEMPERATURE: 

NOMINAL  TEST 
CONCENTRATIONS: 

MEAN  MEASURED 
CONCENTRATIONS: 

Fenbendazole - Subacute Toxicity to 
Earthworms (Lumbricus terrestris) 

Hoechst-Roussel  Agri-Vet  Company 

"Fenbendazole - Conducting an  Earthworm  Subacute  Toxicity 
Test Following  FDA  Technical  Assistance  Handbook, 
Document # 4.12", Springbom  Laboratories  Protocol 
#091294R1RAVIEW.FDA  4.1 2  and  Protocol  Amendments # l  
#2 dated  7  December  1994  and  15  February  1995, 
respectively. 

95-2-57  1 5 

1719.0994.6239.635 

1684-01  -1 6-94SP 

Fenbendazole,  Lot No. Y-10911 , CAS  Registry No. 4321-67-9, 
a white  powder with a purity of 100.4% and  expiration  date of 
August  1995  reported  by  the  Study  Sponsor,  was  received 
from Hoechst-Roussel  Pharmaceuticals,  Inc.  on  22  September 
1994 

6 December  1994  to 3  January  1995 

Lumbricus  terrestris 
Source:  Johnson's  Earthworm  Supply,  Wareham, 
Massachusetts 

Artificial  soil  medium 

11 to  14  "C  (waterbath  surrounding  test  vessels) 
12 to  13  "C  (individual  test  vessels) 

63,  130, 250,500 and  1000  mg/kg 

56, 120,  240, 500 and 960 mglkg; (90 to 100% of nomlnal) 



RESULTS: Based on: the results of this test, the 28day LC50  for 
earthworms exposed to fenbendazole was calculated using 
mean  measured  chemistry  values, by moving average  angle 
analysis to be 180 mg/kg (corresponding 95% confidence 
interval of  150 to 210 mglkg). The Lowest-Observed-Effect 
Concentration  (LOEC) for this study was  determined to be 
120  mg/kg, based on survival at termination (day 28). 

The  corresponding  No-Observed-Effect  Concentration 
(NOEC) for the 28day exposure was 56 mg/kg (mean 
measured). 

000964 



Mean measured  concentrations  tested,  percent  survival, mean 
live weight  of  organisms  at test initiation and termination and 
percent  weight  change during the  28day toxicity test 
exposing  earthworms (f umbricus terrestis) to  fenbendazole.' 

Mean Mean Individual Mean 
Measured Survival ("A) Uve Weight (9) Percent Mean 

Concentration Weight change' Weight change 
(rnflg) Rep Day 7 Day 14 Day 21 Day 28 Day 0 Day 28 (%) (%)[SD]' 

Control 

56 

1 20 

240 

500 

960 

1 
2 
3 
4 

Mean 

I 
2 
3 
4 

Mean 

1 
2 
3 
4 

Mean 

1 
2 
3 
4 

Mean 

1 
2 
3 
4 

Mean 

1 
2 
3 
4 

Mean 

100 
100 
100 
100 

100 
100 
100 
100 

looC 
100 
100 
100 

80 
100 
100' 
90' 

100' 
100' 
100' 
100' 

100" 
100' 
90 
100' 

100 
100 
100 
100 

100 
100 
100 
100 

80 
100 
1 00 
100 

70" 
80d 
9Oh 

70' 

90' 
80h 
80" 
60' 

60' 
80' 
60' 
50' 

100 
loo 
100 
100 

1006 
80'0 
9d 
100' 

60' 
9d  
60' 
90' 

40" 
70" 
70" 
40" 

30' 
40" 
40d 
20' 

0 
20' 
30' 
0 

loo 
100 
100 
100 
100 

1 o o d  

80Q 
9d 
100' 
93 

5 0 h  

60' 
20 
80' 
53' 

30' 
50d 
40' 
20' 
35' 

30' 
40' 
30' 
0 

25' 

0 
0 
0 
0 

4.6 
4.3 
4.2 
5.2 

4.8 
4.6 
4.5 
3.9 

4.4 
3.8 
4.0 
5.3 

3.5 
4.7 
3.7 
3.9 

4.6 
4.6 
4.9 
4.9 

3.7 
5.1 
3.2 
4.0 

5.1 
5.5 
6.3 
6.4 

6.3 
5.3 
5.5 
5.1 

5.7 
5.0 
4.3 
7.0 

5.3 
6.1 
4.4 
5.0 

5; 1 
5.3 
7.0 
NA" 

NA 
NA 
NA 
NA 

12 
29 
48 
24 

31 
16 
23 
30 

28 
30 
7 
33 

51 
30 
19 
28 

11 
14 
41 
NA 

NA 
NA 
NA 
NA 

+ 28 [15] 

+ 25 [6.7 

+ 25' (121 

+ 32'  [14] 

+ 22' [17] 

Values  presented  are  based  on  actual  unrounded  values,  not  the rounded (2 significant  figures)  values  presented in this  table. 
(((mean  weight.  day 28 - mean  weight.  day 0)) I mean  weight,  day 0) x 100. 
The standard  deviation for mean  percent  weight  change is presented (SD). 
Two of the  earthworms  exhibited  segmental  constriction. 
Two of the  earthworms  were  observed  to  have  lesions  (i.e.,  white  blisters). 
One of the  earthworms  was  observed- to have  lesions (Le..  white  blisters). 
One of the  earthworms  exhibited  segmental  constriction. 
Several of the  earthworms  exhibited  segmental  constriction. 
All of the  earthworms  exhibited  segmental  constriction. 
Several of the  earthworms  were  observed  to  have  lesions  (i.e., whte blisters). 
Significantly  different from control  data  based  on  Fisher's Exad test (p 5 0.05). 
Omitted from statistical  analysis  due to significant  effect  on survival. 
NA = Not  applicable. 
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Fenbendazole - Determination of Effects 
on Seed Germination and Root  Elongation 

of Six Plant Species 

SPONSOR:  Hoechst-Roussel  Agri-Vet  Company 

PROTOCOL  TITLE: "Fenbendazole - Seed  Germination  and  Root  Elongation 
Test  Following  FDA  Technical  Assistance  Document 4.06, 
Springbom  Protocol #: 01 1094/FDA1600, and  Protocol 
Amendments # l  and #2 dated  23  November  1994  and  21 
December  1994,  respectively  (Appendix I) 

REPORT NUMBER 95-2-5700 

STUDY  NUMBER:  171  9.0994.6242.600 

SPONSOR  PROTOCOL/ 
PROJECT NUMBER 1684-04-1  6-94-SP 

TEST  ARTICLE: 

STUDY  DESIGN: 

STATISTICAL 
END  POINTS: 

EFFECT  CRITERIA: 

Fenbendazole,  Lot  No.  Y-10911,  CAS  Registry  No.  4321-67- 
9, a  white  powder  with  a  purity of 100.4%  and  expiration  date 
of August  1995  reported  by  the  Study  Sponsor,  was  received 
from Hoechst-Roussel  Pharmaceuticals,  Inc.  on  22 
September  1994 

50 seeds  per  replicate,  6  replicates  per  concentration  or 
control,  300  seeds  per  treatment  or  control 

percent gemination and radicle  length 

No-Observed-Effect  Concentration  (NOEC),  Lowest- 
Observed-Effect  Concentration  (LOEC)  and  treatment- 
related  morphological  abnormalities  were  determined for 
each  species 

000267 



TEST  SPECIES:  corn (Zea mays) 
cucumber (Cucumis sativus) 
perennial  ryegrass (Lolium perenne) 
soybean (Glycine mat) 
tomato (Lycopersicon esculentum) 
wheat (Triticum  aesfivum) 

TEST  DATES: 

NOMINAL  TEST 
CONCENTRATIONS: 

MEASURED  TEST 
CONCENTRATIONS: 

1 to 6 December 1994 (corn, cucumber, perennial  ryegrass) 
30 December 1994 to 4 January 1995 (wheat) 
30 December 1994 to 5 January 1995 (soybean,  tomato) 

63,  130,  250, 500 and 1000 mg/L  (corn,  cucumber  and 
perennial  ryegrass) 

0.31,  3.1,  31,  63,  130, 250, 500 and 1000 mg/L  (soybean, 
tomato) 

63,130,250,500 and 1000 mg/L  (wheat) 

61.1 10,240,480 and 970 m& 85 to 98% of nominal  (corn, 
cucumber  and  perennial  ryegrass) 

0.36,3.6,  36,  61, 150,310,530 and 1000 mg/L; 97 to 123% 
of nominal  (soybean,  tomato) 

61,  150,  310,  530 and 1000 mg/L; 97 to 123% of nominal 
(wheat) 

RESULTS: 
NOEC and LOEC for  seed  germination  and  root  elongation of six plant 
species  exposed  to  mean  measured  concentrations  of  fenbendazole. 

Species NOEC  LOEC'  NOEC  LOEC' 
Germination  Root  Elonnation 

(mglL) (mglL) (mQW (mgW 
~~~ ~~ ~ 

Corn 970  >970 970  >970 
Cucumber 970  >970 970  >970 
Ryegrass 970 >970 970 ~970 
Soybean 1000 >loo0 1000 >loo0 
Tomato 1000 >loo0 1000 >loo0 
Wheat 1000 >loo0 1000 >loo0 



Based  on the lack of observed  effects for all species, it was  determined  that  percent 

germination  and root  elongation  were  unaffected  by  the  exposure to fenbendazole  at a measured 

concentration  as high as 970 mgL for com,  cucumber  and  perennial  ryegrass  and 1000 mgL for 
soybean,  tomato and wheat. The  maximum  required  test  concentration  according  to  the  study 

guideline is 1000 mg/L. The highest  measured  concentrations  tested in this study  achieved or 
closely  approximated  this  value. 
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SPONSOR: 

PROTOCOL  TITLE: 

Fenbendazole - Determination of Effects 
on Seedling Growth of Six  Plant  Species 

Hoechst-Roussel  Agri-Vet  Company 

"Fenbendazole - Seedling  Growth  Toxicity  Test 
Following FDA  Technical  Assistance  Document 4.07", 
Springborn  Protocol #: 01 24941FDN620, and Protocol 
Amendment #1 dated  21  December  1994  (Appendix I) 

REPORT NUMBER 95-2-5721 

STUDY  NUMBER: 171 9.0994.6243.620 

SPONSOR PROTOCOU 
PROJECT  NUMBER:  1684-03-1 6-9-P 

TEST  ARTICLE: Fenbendazole,  Lot No. Y-10911,  CAS  Registry No. 
4321-67-9, a white  power with a purity of 100.4% and 
expiration  date  of  August  1995  reported  by  the  Study 
Sponsor,  was  received  from  Hoechst-Roussel 
Pharmaceuticals,  Inc.  on  22  September 1994 

STATISTICAL  END  POINTS: Survival, shoot  length,  shoot  dry  weight and root  dry 
weight 

EFFECT  CRITERIA: 

TEST  SPECIES: 

No-Observed-Effect  Concentration (NOEC), Lowest- 
Observed-Effect  Concentration (LOEC) and treatment- 
related  morphological  abnormalities  were  determined  for 
each  species 

corn (Zea mays) 
cucumber (Cucumis  sativus) 
perennial  ryegrass (Lolium perenne) 
soybean (Glycine  rnax) 
tomato (Lycopersicon  esculenturn) 
wheat (Triticum aestivum) 



TEST DATES: 11 January to 1 February 1995 (corn, Cucumber  and 
perennial  ryegrass)  in-life  exposure 

8 to 9  February 1995, dry  weight data collection 

12 January to 2 February 1995 (soybean,  tomato  and 
wheat)  in-life  exposure 

. .- 

15 to 16 February 1995, dry  weight  data  collection 

NOMINAL  TEST 
CONCENTRATIONS: 47,94,190,380,750 and 1500 rngkg 

MEASURED TEST 
CONCENTRATIONS: 36,  64, 150, 360, 810 and 1600 mgkg (68 to 1 10% 

nominal) 

RESULTS: 
The  Lowest-observed-Effect  Concentration  (LOEC) and No-Observed-Effect 
Concentration (NOEC) for the  seedling  growth test of six  plant species 
exposed  to  mean  measured  concentrations of fenbendazole. 

S pedes 

Comb > 1600 

Cucumbe? > 1600 

Perennial ryegrassb > 1600 

Soybeanb > 1600 

Tomato' 64 

Wheat ~ 1 6 0 0  

1600' 

1600' 

1600' 

1600' 

36 

1600' 

' - LOEC and NOEC based on he most sensitive  parameter  measured @e.. percent  survival, shoot length, shoot and root weight) ' No effect was observed for percent survival. shobt length, shoot dry weight and root dry weight  at  the hgh measured 
concentration tested. 
LOEC and NOEC based on root weight 

* Exceeds guidelii limit of loo0 mgkg. 

000172 



APPENDIX I 1  



SPONSOR: 

PROTOCOL  TITLE: 

REPORT  NUMBER: 

STUDY  NUMBER: 

SPONSOR  PROTOCO, 
PROJECT  NUMBER: 

TEST  ARTICLE: 

TEST  DATES: 

SPECIES: 

TEST  MEDIUM: 

TEST  CONDITIONS: 

NOMINAL  TEST 
CONCENTRATION: 

MEAN  MEASURED 
CONCENTRATION: 

RESULTS: 

Fenbendarole - Acute Toxicity to 
Dung Beetles (Ontnuphagus gaze//a) 

Hoechst-Roussel  Agri-Vet  Company 

"Fenbendazole - Acute  Toxicity to Dung Beetles 
(Onthophagus  gazella)", Springbom Laboratories Protocol 
#120194/Hoechst/Dung  beetle  and Protocol Amendment # l  
dated  24  March  1995. 

95-4-5788 

1719.0994.6240.169 

1684-05-1 6-94SP 

Fenbendazole,  Lot No. Y-10911,  CAS Registry  No.  4321 0-67- 
9, a white  powder with a purity  of  100.4% and expiration  date 
of  August  1995  reported  by  the  Study Sponsor,  was  received 
from  Hoechst-Roussel  Pharmaceuticals,  Inc. on 30 September 
1994 

24  to  31  March  1995 

Onthophagus  gazella 
Source:  Kailua,.  Oahu,  Hawaii 

Artificial  soil medium 

26 to  29 "C (waterbath  surrounding test .vessels),  relative 
humidity  of  58  to  66%  and a light intensity of 60 footcandles 

1000  mg/kg 

770  mg/kg  (77%  nominal) 

Based on the  results  of  this  test,  the 7day LD50 for dung 
beetles  exposed to fenbendazole  was  empirically  estimated 
to be  greater  than  770 mgkg, the mean measured 
concentration  tested.  The  No-Observed-Effect Level (NOEL) 
for this  study  was  determined to be 770 mgkg. 



\ 

I 

Temperature  and  relative  humidity  measured in the  exposure 
chamber  during  the  acute  toxicity  test  exposing  dung  beetles 
(Onthophagus gazetta) to fenbendazole. 

lest Day 
Day 

Temperature 
(‘C) 

Relative  Humidity 

26 

26 

28 

28 

28 

28 

28 

26 

29 

29 

29 

29 

29 

29 

60 

60 

66 

58 

64 

64 

63 

7 27  29 65 
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Nominal  and  measured concentrations of fenbendazole in the 
treated  cattle  manure  during  the acute  toxicity test with dung 
beetles (Onfhophagus garelfa). 

Nominal Measured Concentmion (mglkg)' 
Concentcation Mean Percent of 

Day 0 Day 7' D a y  7 MOaSUred NOlnirul (-0 
dv - W )  Concentration (SO)* 

1 2 3   1 2 3  1 2 3  

Control ND' ND  ND NA' NA  NA ND ND ND NA NA 

lo00 780 770 870 640 620 610 760' 730' 730' 77qw 77 

QC # l e  h 

QC #2 D - 
ac 1M 

ac IS 

QC #6 b - 
Values  PreSented repruent the  total  amount (mg) of fenbendazole  measured  per kg (dry  weight) in the treatment manure. 
These data  were not nonnarued. 
Calculated using  unrounded  analytical resub and not the rounded results presented in thii table. Mean  measured 
concentration presented relkcb the m a n  of the  Day 0 measured concentrations and  the n o m b e d  Day  7 concentrations. 
ND = Not detectable. 
NA =Not  Applicable. 
Due to a  decrease in the  percent  moisture of manure on day  7,  analyticak resub were normalized by multiplying  the result by 
the  decimal pefCent recovery  difference  (0.18) of QC samples (la), then  adding  the  analytical result 0.e.. (0.18 x analytical 
'result) + analytical rwuK 
QC = Quality  Control  sample. 
QC #1 and 2 were  prepared  incorrectly  and  therefore  were not analyzed; QC #6 was  not  prepared  at thii interval. 
QC sample  was  prepared  using the same manure used to prepare  exposure  concentrations 0.0.. 77% moisture) 
Value in parentheses  represents  the  corresponding  nominal fortified concentration for each QC sample. 
Percent mavery for thii QC  sample  was outside of the  standard  acceptable  range established by thb laboratory 0.e..  Within 
three standard  deviations of the  mean  percent  recovety  determined  during  the method validationlrecovery  study, Appenda V). 
QC sample  was  prepared using a  composited  control  manure from the  exposure  system  (percent moisture of 47%). 
Qc sample was prepared with manure used at  test  initiation  which  had  been  stored  under  refrigerated condib'ons to  presewe 
the moisture  content  (resultant  moisture  content  was 78%). 

i 
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.. . Mean measured  concentration  tested,  percent  survival and 
cumulative percent  survival  during  the 7day toxicity test 
exposing  dung  beetles (Ontnophagus gazella) to  fenbendazole. 

. .  

Mean  Measured 
Concentration  Percent 

(mg/kgY Replicate Survival 

Control - A 100 
B 100 
C 100 
D 100 
E 100 

Mean 100 

770 A 
B 
C 
D 
E 

Mean 

100 
100 
100 
100 
100 
100 

Mean measured  concentration  reflects the mean of the  Day 0 measured  concentrations  and 
normalized  Day 7 concentrations 
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