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Oxfendazole, the active ingredient in the products which are the subject of the 
proposed action, is manufactured at the facility of Syntex Pharmaceuticals 
I~te~ati~~al Limited, Bahamas Chemical Division, Grand Bahama Island; and at 
the facility of Syntex Chemicals, Inc. (a subsidiary of Syntex USA), Boulder, 
Colorado, USA. The drug substance will be shipped by Syntex to Diamund 
Scientific c30., Des Moines, Iowa, USA and/or Coopers Animal I-Iealth, Inc., 
Kansas City, Kansas, USA for m~ufactu~ng and packaging of the final dosage 
forms. The products will be distributed throughout the United States for use in 
cattle. 

The following environments may be affected by the pruposed action: 

* The environments adjacent to the facilities located in the Bahamas; 
Boulder, Coloradq Des Moines, Iowa; and Kansas City, Kansas. 

l Feedlots and other cattle environments receiving residues of oxfendazofe 
contained in animal wastes. 

residues. 
lands receiving animal wastes containing oxfendazole 

0 The heaviest use of axfendazole will be in the larger feedlots located 
throughout the midwestern, southwestern, and western plains states. 
Areas of the next greatest use will be the Mississippi, Missouri, and Ohio 
River valleys where smaller feedlots are more common and animals may be 
raised on pasture. 

Oxfendazole is a member of a well-known and widely used chemical class raf 
compounds, the benzimidazoles, and is related in chemical stucture and 
ph~ac~l~gi~al properties to other drugs commercially available in the United 
States, such as thiabendazule, fenbendazole, oxibendazole, mebendazole and 
albendazole. Other related compaunds available on the international market include 
febantel and tric abendazole. Both thiabendazofe and mebendazole are currently 
approved for use in humans in the United States, 

SUBSTANCE: Oxfendazole 

CAS REGISTRY NUMBER: 53716-50-O 

CAS ~~~~C~~~: Methyl ~~-phenylsul~~yl~-2~~nzi~daz~le earbamate 

STlRUCTURAL FORMULA: 
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~LE~~AR FURmA: 615Hl3U3N3S 

3 15.34 

~LT~G POINT: 245-265 o C (with decomposition) 

SULU3~~: Solubility in water is 3.11 - 4.63 mg/L 

~~ANUL~A~R PARTITION CUEFFICIENar: Log Kow 1.953 +,‘- 0.162 

UV SPECTRUM: A typical UV speckurn tracing for the oxfendazole reference 
standard (lot B-6-JK-001) is presented in Appendix 1. At 295 nm, E% = 549.5. 
At 226 nm, E% = 1,447.5. 

IR SPECTRUM: A typical IR spectrum tracing for the oxfendazole riference 
standard (lot B-6-JK-001) is presented in Appendix 2. 

Uxfendazole active ingredient contains not less than 97.0% of 
Cl5Wl303N3S, calculated on a dried basis, nut more than 2.0% of methyl(5- 
phenylsulfonyl~-2-benzi~dazule carbamate, and not more than 1.0% of any other 
~dividu~ foreign related substance. 

6. 

~~odu~tiu~ of otiendazole into the environment can occur fkom three sources: I) 
the oxfendazofe drug substance manufacturing facilities, 2) the oxfendazole 
formulated drug product manufacturing facilities, and 3) the sites of intended use 
of the formulated drug products in cattle and adjacent agricultural lands. 

Far those facilities at which oxfendazole drug substance will be manufactured by 
Syntex (Syntex Pharmaceuticals International Limited and Syntex Chemicals, 
Inc.), the i~~odu~tio~ of substances into the environment will be negligible 
because m~ufa~~~ng will be carried out in modern facilities, well equipped for 
waste water disposal and air pollution control, which comply with all applicable 
environmental laws and regulations. 

At Syntex Pharrriaceutieals International Limited, Bahamas Chemicai Division, 
Grand Bahama Island, r?xfendazole is manufactured in compliance with those 
regulations promulgated under the Environmental Health Services Act, 1985. A 
local environmental assessment for the facility at Syntex Pharmaceuticals 
International Limited, Bahamas Chemical Division, Grand Bahama Island, is 
presented in Appendix 3. 

At Syntex Chemicals, Inc., Boulder, Colorado, oxfendazole is manufactured in 
compliance with the applicable environmental laws and regulations listed below: 
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Federal Laws 

* Clean Air Act, as amended 
* Resources Conservation and Recovery Act, as amended 

I * Water Poftution Control Act, as amended 
l Emergency Planning and Community Right-To-Know Act of 1986 
* U~cupa~o~~ Safety and Health Act of 1970, as amended 

State Laws and Regulations. as amended 

* Colorado Water Quality Act 
* Colorado Water Quality Regulations 
* Colorado Water Quality Standards 
* Colorado Air Quality Act 
* Colorado Air Pollution Control Regulations 
l Colorado Discharge Permit System Regulations 
* CoIorado Disposal Sites and Facilities Law 
+ Colorado Hazardous Waste Act 
* Culorado Hazardous Waste Management Regulations 
* Colorado Standards for Owners and Operators of Hazardous Waste 

Treatment, Storage and Disposal Facilities 

A local environmental assessment for the facility at Syntex chemicals, Inc., 
Boulder, Colorado, USA is presented as Appendix 4. 

For those facilities at which oxfendazofe formulated drug pruduct will be 
m~ufa~tur~d and packaged fur Syntex Animal Health, Inc. (Diamond Scientific 
CO. and Coopers Animal Health, In&), the introduction of substances into the 
environment will be negligible because manufacturing and packaging wiff be 
carried out in modem facilities, we11 equipped for waste water disposal and air 
pollution control, which comply with all local, state ad federal env~o~en~ laws 
and regulations. 

Diamond Scientific Co., Des Moines, IA, and Coopers Animal Health, Inc., 
Kansas City, KS have indicated their compliance with alf applicable environmental 
laws and regulations in local environmental assessments prepared by each 
individual contract manufacturer as presented in Appendix 5 (Diamond Scientific 
Co.) and Appendix 6 (Coopers Animal Health, Inc.). 

At all manufa~tu~ng locations, Material Safety Data Sheets (MSDS) are available 
for all employees involved in the production of the drug substance and the 
formulated products. 
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Theoretical Amounts of Uxfendazole and Metabofites Eliminated bv Target Animals 

Decisions regarding the environmental safety of oxfendazole and its metabolites are 
based on the relationship between the residue concentration expected in the 
e~v~onme~t and residue levels expected to have no adverse effect on aquatic and 
terrestrial resources based on appropriate environmental-effects screening tests. 
Environmental residues are estimated from drug use and properties governing the 
behavior of the expected residues in fedlot and agricultural soils. 

For practical purposes, the product will be introduced into the environment only 
when it is excreted by treated animals. Handling, distribution and storage of the 
finished product will not result in environmental exposure because the product is 
marketed in closed pfastic containers. 

Although the major use of oxfendazole will be in pastured and feedfot cattle, the 
“worst case” environmental concentrations and exposures to oxfendazofe and its 
metabolites are expected to occur when the drug is used in feedlot cattle. As a 
consequence, residues of oxfendazole and its metabolites wifl be introduced into 
a~cultural soils when feedfot manure is introduced into this env~onment as a 
fertilizer. In order to determine the expected concentrations of oxfendazole and its 
metabolites in the feedlot and agricultural soils, and how they relate to the 
environmental studies., the fullowing information was considered. 

Average days to finish for feedlot steers and heifers [2] 136 days 
Average starting weight for feedlot steers and heifers [2] 678 lb f308 kg 
Average spreading rate of manure onto agr&&ural soil [3 20 tons/acre 
Manure excreted per 1,000 lb. live weight for finishing cattle [3] 8.5 tons/year 
Manure excreted per l,OCXI lb. live weight adjusted for 60% 

loss of moisture due to exposure to weather in feedlot [3] 3.4 to&/year . 

Uxfendazole will be administered at a dose level of 4.5 mg!kg of body weight. 
The only expected area of concentrated use for the formulated drug product will be 
the feedlot. Although retreatment at four to six weeks following initial treatment, if 
reinfection is suspected, is provided for on the product label, treatment is not likely 
to be repeated in the feedlot due to the fact that feedlot conditions are not conducive 
to reinfection. If a second dose of oxfendazole were tu be administered to cattle in 
the feedlot, the ultimate effect would be a doubling of the estimated concentrations 
presented below. Calculations performed to estimate the expected residues of 
oxfendazole and its metabolites as runoff from the feedlot and in agricultural soils 
follow. 

(1) 308 kg X 4.5 mg/kg = 1,386 mg UFZ equivalents/treated animal 
(average w-wit 
weight of dosage) 
animal) 

Since, on the average, manure is not removed from the feedlut more than once per 
feedlot period, the expected concentration of oxfendazole and metabolite residues 
can be calculated in feedlot manure. Uxfendazole and metabolite residue 
concentrations are based on a complete elimination of the oxfendazole dose and 

. 
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uniform mixing of the dose into the total amount of manure eliminated during the 
feedlot period. 

In addition, the total amount of oxfendazole equivalents eliminated in the average 
feedlot per animal per feedlot period is calculated as folluws: 

(2) 136 days X (3.4 tans f 365 days) = 

1.2668 tons of man~e/~m~fee~ot period* 

(* this figure is based on a 1,000 lb animal for a 136 day feedlot period) 

The maximum concentration of oxfendazole equivalents in the manure would be: 

(33 1.386 ma OF2 e~uivalents/~imal = 
1.2668 tons of manure/animal 

1,894 mg UFZ equivalents / ton of manure 

or 

0.547 mg UFZ equivalents / lb of manure 

or 

I.2 mg OFZ equivalents f kg of manure 

Theoretical ,Amomts of Uxfendazole and Metabofites in Feedlot Runoff and in 
A&cultural Soil Under Two Extreme Conditions 

FEEDLOT RUNOFF 

Under “worst case” conditions, assuming all of the applied oxfendazole and 
metabolite residues are contained in a two inch rainfall in the feedlot where each 
animal occupies 200 square feet of space 143, the concentration of these residues in 
the runoff (without taking water/soil equilibration into account) can be estimated as 
follows: 

(4) 200 so ft X 2 inch rainfall X 1 ,ft x 2&317L/cuft = 
animal 12 inches 

943.9 L water 

1.386 mrr UZF equivalents / animal = 
943.9 L water 

1.468 mg OF2 equivalents / L 

or 

1.468 ppm OFZ in feedbt runoff 
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AGRICULTURAL SOXL 

e average spreading rate of manure per acre of agricultmal soil was estimated to 
be 20 tons per acre. Since 20 tons of manure equals 40,000 lb, and the 
concentration of oxfendazole equivalents per pound of manure is 0.547 mg per 
pound, the f&awing relationship is established. 

f@ 40,000 fb manure X 0.547 mrr OF2 equivalents = 
lb 

2f.880 mg UFZ eauivalentg 
acre 

It is assumed that manure will be mixed into the top six inches of soil, equivalent to 
a soil weight of 9.09 X 105 kg/acre (1.47 gm/cc) f5]. Therefore, 

24.07 u.g, UFZ equivalents 
kg of soil 

or 

24 ppb UFZ equivalents in s&l 

Inasmuch as the primary manner of environmental exposure will be through 
excretion of oxfendazole by treated animals into the environment, Syntex has 
undertaken or commissioned a number of studies to determine the fate of 
oxfendazole in the environment. 

The water sofubility of oxfendazole was studied at Syntex Research by a number 
of methods. When the data from this study were considered in conjunction with 
reports of the dissociation constants of oxfendazole, the solubifity of oxfendazole 
was found to be as follows: 

5.22 2.12 * 
5.68 2.47 
6.28 2.33 
6.96 2.35 
7.58 2.29 
8.13 2.34 

t is clear from these data that oxfendazole is relatively water-insoluble. 
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A more detailed summary of this study is presented in Appendix 7. 

The major hydrolytic degradation product of oxfendazole is 2-amino-S(6)- 
phenylsul~nyl benzimidazole (oxfendazole amine). Its solubility was studied by 
Method 3.0 1, IV B, ~ndersat~atio~Uversaturat~on~ as described in the FDA 
~~v~unment~ Assessment Technical Handbouk. Triplicate suspensions of the 
compound were prepared in aqueous buffer mixtures at pH 5.0, pH 6.9, and pH 
QO 

Equilibration solubility was reached at pH 5.0 within seven days, allowing an 
estimate of the sofubility of 46 ppm. At pH 6.9 and pH 8.9, true equilibration was 
not achieved even at 28 days. As a result, the solubility of oxfendazole amine at 
these pH values can be estimated only to be greater than 50 ppm. 

A more detailed summary of this study is presented in Appendix 8. 

The solubility and pKa values of oxfendazole were determined by the general 
so~ub~lity method. The pKla of the conjugate acid of oxfendazole was calculated 
to be 3.54 t 0.28 and the pK2a was calculated to be 9.81 2 0.31. Sulubility over 
the pH range of environmental interest is listed under Water Solubility, above. 

A more detailed summary of this study is presented in Appendix 9. 

A study was conducted to determine the tendency of oxfendazole to distribute 
between n-octanol and water. The purpose of this study was to evaluate the 
potential for oxfendazole to accumulate in lipoid tissue and to sorb onto soil 
particles. 

,The n-o~tano~/water partition coefficient (Kow> observed in this study was about 
90, or log Kow = 1.95. This value is far below those values (fog Ku, 2 4) 
considered likely to result in bioconcentration or to sorb significantly (FDA 
E~v~onment~ Assessment Technical Assistarree Document 3.02, March 1987). 

A more detailed summary of this study is presented in Appendix 10. 

The vapor pressure of oxfendazole was measured by a method which utilizes 
electron impact mass spectrometry. From the results of this stud T it can be stated 
that the ambient vapor pressure of oxfendazole is between lo- B and IQ-11 Torr. 
Thus, the vapor pressure of oxfendazole is below a level of environmental 
concern. 

A more detailed summary of this study is presented in Appendix 11. 
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A W&visible absorption spectrum analysis was conducted to determine the ability 
of oxfendazole to absorb radiation in the IN-visible spectrum. Absorbance 
maxima were observed at 228 nm and 295 nm, with band widths of 31.8 and 
19.3, respectively. 

A more detailed summary of this study is presented in Appendix 12. 

Soil so~tion/deso~tion studies were conducted by Biospherics Incorporated 
(Maryland) according to CVM/FDA Environmental Assessment Technical 
Handbook Document 3.08. A screening test demonstrated that oxfendazole readily 
sorbed to and did not readily desorb from three representative soil samples. Data 
from this screening study, in which uxfendazole was partitioned between 100 ml, 
of Q.0 f M calcium chloride solution containing 20 gm of soil, are summarized 
below: 

Adsurption: 

Soil TvDe % Adsorbed Kd BLOC 

Sandy Loam 53fl 6.02 f 0.14 512k 12 
Silt Loam 43 s?r 2 3.87 210.29 470 f 35 
Clay Loam ‘76&l 16.73 f 2.3 1673 Z!Z 130 

Df;sorWion 

Soil Type % Desorbed* Kd KUC 

Sandy Loam 33 22.8 - 25.5 1938 - 2168 
Silt Loam 45 16.7 - 13.4 2028 - 1627 
Clay L+oam 19 43.7 - 57.3 4370 - 5730 

* The sum of two rinses. 

Based on these results, an advanced test was conducted. The kinetic portion of 
this study indicated that equilibrium was achieved within 22 hours. The material 
balance portion of this study indicated that from 106% to 111% oxfendazole could 
be recovered after equilibration. The isotherm portion of this study indicated that 
adsorption on all three soils followed the Freundlich isotherm. Distribution 
coefficients from Freundkh plots are summarized below: 

Soil Type K l/n Koc % Organic Matter 

Sandy Loam 6.4 u.90 544 2.0 
Silt Loam 4.5 0.87 546 1.4 
Clay Luam 15.7 0.93 1570 1.7 
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These data demonstrate that oxfendazole would have low mobility in soil, being 
most readily adsorbed by the clay loam, less readily by the sandy loam, and least 
readily by the silt loam soil. 

A more detailed summary of this study is presented in Appendix 13. 

In a study conducted by Biospherics Incorporated, the biodegradation of 
ra~olabeled oxfendazole was determined in three different types of soil. Glucose 
was used as a reference known to biodegrade in order to validate the viability of the 
soil micro-organisms. The soils selected were appropriate since they had pH 
values within the range that oxfendazole does not change form. 

After 68 days on test, at least 60% of the 14C-glucose was metabolized. 
However, oxfendazole degraded only minimally to carbon dioxide in the three 
types of soil. The sulfone anafogue of oxfendazole was the major degradation 
product found on recovery of oxfendazole initially added to the soil. 

A more detailed sumary of this study is presented in Appendix 14 

Two studies were carried out in which the hydrolysis of oxfendazole was studied. 

t study, conducted by Biospherics Incorporated, the hydrolysis of 14C- 
xfendazofe was determined in buffer solutions at pH 5,7, and 9 over a 

28”day period. This study found that little, if any, degradation of oxfendazole took 
place at either pH 5 or 7. Therefore, neither hydrolysis rate constants or half-lives 
could be estimated for these pH values. However, at pH 9, the hydrolytic rate 
constant was determined to be 3.94 X 10-2 day-l and the half-life was determined 

A more detailed summary of this study is presented in Appendix 15. 

In the second study, conducted by Syntex Research, the hydrolysis of oxfendazole 
in aqueous buffer solution was studied at 8OQC as a function of pH. When the 
data from this study are combined with those from the Biospherics study, the 
variation of hydrolytic half-life of oxfendazole with pH is as follows: 

gH T 112 Ida 

5.17 2,983 
6.55 946 
7.10 383 
‘;“A2 157 
8.32 51.9 
8.56 33.8 
9.16 17.6 

A more detailed summary of this study is presented in Appendix 16. 
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The effect of hydrolysis on the concentrations of oxfendazole in feedlot manure 
over a period of 136 days is ‘presented in the following table: 

pH of Manure T l/2 (days) 

5.17 2983 1 .U32 1263 
6.58 946 f.105 1086 
7.19 383 I.279 938 
8.56 33.8 16.26 73.8 

T 112 = half-life 
C (initial) = inititi concentration of uxfendazufe in manure (I ,200 ppb) 
C = fmal concentration of oxfendazole in manure after 136 days 

A more detailed summary of these calculations is presented in Appendix 17. 

The effect of hydrolysis on the concentrations of oxfendazole in agricultural soils 
of various pH levels is presented below: 

gH Maximum Soil Concentration (DDb) 

5.17 297 
6.58 103 
7.19 49.8 
8.56 24.1 

*Based on annual application of manure containing 1200 ppb of oxfendazole 
equivafents to achieve an initial concentration of 24.07 ppb of oxfendazole 
equivalents when the manure is mixed into the top six inches of agricultural suif. 

A more detailed summary of these calculations is presented in Appendix 18. 

In a study designed to conform to Method 3.10 in the FDA Environmental 
Assessment Technical Assistance Document, the photodegradation of oxfendazole 
in aqueous solution was characterized. This study was carried out at Syntex 
Research in Palo Alto, California, using soWions of oxfendazole at nominal 
~on~e~~at~ons of 1.5 ppm (approximately l/2 maximum solubility). Solutions of 
oxfendazoie and a reference actinometer (p-nitroac~topheno~e/p~idine~ were 
exposed to natural sunlight. 

After compensation for changing solar radiation by comparison with the 
hotudegradation of the reference compound, the environmental summer season 

half-lives of oxfendazole (T X/2) were calculated and were as follows: 
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pH T f/2 (days1 

5.0 0. IOU 
6.9 4 0.121 
8.9 0.073 

A more detailed summary of this study is presented in Appendix 19. 

The major product from hydrolysis of oxfendazofe is the amine, 2-amino-5(6)- 
phenylsu~~nyl benzimidazote. This study was conducted at Syntex Research to 
characterize the photodegradation of this amine. The study was designed to 
conform to Method 3.10 in the FDA Environmental Assessmknt Technical 
Assistance Document. 

Solutions of oxfendazole amine at nominal concentrations of 1 X. ppm were exposed 
to natuaral sunlight at pH 5.11, pH 6.97, and pH 9.05. The reference rzhemieal 
was p-~itroa~etoph~none/py~dine. Test solutions of oxfendazole and the 
referenece actinometer were exposed for four-hour periods, beginning about one 
hour before solar noon. 

After compensation for changing solar radiation by comparison with the 
photode~adat~on of the reference compound, the photode~adation summer half- 
lives of uxfendazole amine are as follows: 

pH T l/2 fdays) 

5.11 0.28 
6.97 0.095 
9.05 0.085 

led summary of this study is presented in Appendix 20. 

* Aquatic Environment 

Feedlot runoff concentrations of oxfendazole have been calculated without 
providing for sail adsorption or desorption (soil adso~tion/deso~tion data 
presented above). It has been demonstrated that oxfendazule readily adsorbs to 
and does not readily desorb from common agricultural soils. Extensive adsorption 
combined with limited desurptiun would result in less than the total administered 
dose of oxfendazofe in fte;‘llot runoff. Such reduction in the concentration of 
oxfendazole in feedlot runoff is not addressed in the evaluation of the effect of 
excreted oxfendazule on the aquatic environment. The total administered dose of 
oxfendazole has been used to estimate the “worst case” concentration. 
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e estimated “worst case” concentration of oxfendazole in feedlot runoff is 1.468 
ppm. This “‘worst case” estimate is the highest concentration of oxfendazole in the 
aquatic environment, as feedlot runoff will be significantly diluted as it enters 
bodies of water such as streams, rivers, ponds and lakes. 

on entry into the aquatic environment, oxfendazole aud its major degradation 
product ~oxfendazole amine) rapidly decompose through the process of 
pbotode~adation. Photolytie half-lives of uxfendazole and oxfendazole amine 
have been measured in hours (Appendices 19 and 20)). These results demonstrate 
that any oxfendazole, or its major degradation product, entering the aquatic 
environment from feedlot runoff will be significantly diluted and then rapidly 
degraded. . 

Terrestrial Environment 

~itially manure is slightly acidic ~appro~mately pH 6.0). As manure accumulates 
in the feedlot, acid forming bacteria cause the material to become more acidic , thus 
lowering the pH to approximately pH 5.5. However, microorganisms in the 
manure begin to metabolize inorganic nitrogen to ammonium nitrogen, causing the 
pW to rise rapidly to a level of approximately pH 8.5. As decomposition 
continues, ammonia is released to the atmosphere or converted to nitrates. As the 
nitrates are lost through leaching or through the action of denitrifying bacteria, the 
feedlot material approaches neutrality or remains slightly alkaline (pH 7.1 - 
7.2).[6] Qxfendazole begins to hydrolyze in manure as the pH of the manure 
increases and then stibilizes at approximately pH 7.1. 

Oxfendazole in feedlot manure, at pH 7.1, will begin to degrade to oxfendazole 
amine as manure a~~um~ates in the feedlot over the feeding period. Xt is estimated 
that as much as 20% of the oxfendazole in feedlot manure may hydrolyze to 
oxfendazule amine before the manure is removed from the feedlot and applied to 
a~cult~~ soil (Appendix 17). 

When twenty tons of feedlot manure, containing 1,200 ppb of oxfendazole 
equivalents, is mixed with the top six inches of one acre of agrieuftural soil, the 
initial soil ~on~en~atio~ of oxfendazole is 24.07 ppb. Uxfendazule in agricultural 
soil will hydrolysis to oxfendazole amine at a rate dependent upon the pH of the 
soil. The pH of agricultural soils ranges from pH 5.5 to pH 8.4. [7] The 
hydrolysis of oxfendazole in agricultural soil at various pH levels ranging from pH 
5.17 tu pH 8.56 following an unlimited number of annual applications of manure 
has been calculated (Appendix 18). It is apparent from these ealculatiuns that 
oxfendazole concentrations in agricultural soils, initially well below observed 
e~~onme~tal effect levels (see Section 8, below), will degrade with time (more 
slowly at lower pH levels) and are not expected to exceed a maximum 
~~ncen~ation of 297 ppb at pH 5.17 or, more realistically, 49.8 ppb at pH 7.19, 
following an unlimited number of annual applications of manure containing 1,260 
ppb of oxfendazofe. 

Although the oxfendazole product label indicates that cattle may be treated a second 
time, at four to six weeks after the initial dose, if reinfection is suspected, 
retreatment is nut expected to occur in the feedlot (“worst casett situation) due to the 
fact that feedlot conditions are not conducive to reinfection. However, if a second 
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dose of oxfendazufe were to be administered to a group of cattle in a feedlot, the 
ultimate effect of this action on the concentrations of oxfendazole in feedlot runoff 
and agricultural soils would be a doubling of the estimated concentrations 
presented above. The increased concentratiuns due to retreatment would still result 
in oxfendazole concentrations well below observed terrestrial effect levels. 

8. 

xfendazole is a 2-substituted benzimidazofe with broad anthe~mi~ti~ activity 
against a variety of gastrointestinal and lung nematodes and tapeworms in cattle 
and other animals. Uxfendazofe has been evaluated in numerous mamm~ia~ 
species for ocular and derma1 irritation, oral toxicity (acute, subchronic, chronic 
and reproductive) carcinogenieity, and safety in domestic animals. Uxfendazole is 
not considered to be an ocular or dermaf irritant. Addit~on~~y, oxfendazole has 
met all of the human food safety and target animal safety critetia for ~thelrni~t~~s 
a~nister~ orally and intrarnminally. 

employees involved in the ma~ufactu~ng of oxfendazole active ingredient and 
formulated drug product are informed with regard to the nature of the oxfendazole 
compound and are provided with standard protective clothing (safety helmets, 
safety glasses, goggles ur face shields, uniforms, safety shoes and gloves), as 
apprupriate. If conditions warrant, the operators have at their disposal supplied 
breathing air hoods or supplied breathing air suits, aprons, and boots. Each 
employee involved in the production of oxfendazule drug substance or furmulated 
drug product has at his/her disposal an oxfendazole Material Stiety Data Sheet 
(MSDS) which provides info~ation with regard to the drug substance, safety 
precautions to be employed, and the established Permissible Exposure Limit 
(PML) . A copy of the uxfendazofe MSDS is presented in Appendix 21. 

Based on the i~fu~at~on presented above and further summarized below, 
oxfendazofe formulated drug products, when used in accordance with established 
procedures and good veterinary practices, do not constitute a risk or hazard to 
human health. 

UCmAR AND DERMAL IRRITATIUN STTzTf)IES 

* Ucular Irritation Study 

Six male rabbits (New Zealand Albino) were used tu evaluate the ocular ir&aney of 
oxfendazole. For each animal, 0.1 gm of dry oxfendazole was placed into the 
conjunctival sac of the left eye. The right eye was untreated and served as a 
control. The eyes were scored for signs of ‘Il-itation at 1, 2, 3, and 7 days after 
dosing. 

There were no signs of irritation in either eye of any of the animals at any of the 
observation points. Therefore, oxfendazole was not considered to be an eye 
irritant when tested in the rabbit eye. 

. 
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* Demal Irritation Stidy 

Three male and three female rabbits (New Zealand Albino) were used to evaluate 
the skin irCtancy of oxfendazole. The oxfendazufe formufation was applied to 
intact and abraded skin (four application sites per rabbit, two intact and two 
abraded) of each rabbit. The test sites were occluded for four hours, following 
which the dressings were removed and the test sites scored for erythema and 
edema. The test sites were then washed and scoring was repeated at 24 and 48 
hours after dosing. 

No evidence of erythema or edema was seen on the treated skin of any of the 
rabbits at any of the observation points. The oxfendazole fo~~lation did not 

e primary skin irritation. Therefure, oxfendazofe was not considered to 
irritant when tested in rabbits and would not be expected to cause primary &in 

irritation in humans in case of dermal exposure. 

The following studies were performed in order to determine the safety of 
oxfendazole residues in food: 

In mice and rats, single oraf doses of 6,400 mg/kg were well tolerated, while in 
dogs a single oral dose of 1,600 mg/kg produced only emesis and signs of slight 
gastrointestinal irritation. 

In subc~o~~ studies in rats, dietary condensations uf oxfendazole up to 100 ppm 
were well tuferated over a 90-day feeding period. No gross or microscopic 
changes related to treatment could be found. Xn a similar 90-day study in dogs, 
daily doses of up to 6 mg/kg produced no me~ingful changes. 

y studies, oxfendazole was found to be without effect at X0 mg/kg per 
day in rats, 108 m&g per day in mice, and greater than or equal to 0.625 mg/kg 
per day (the highest dose tested) in rabbits. In reproduction studies in rats, a 
dietary concen~ation of 10 ppm of oxfendazole was found to be the no-observed- 
effect level (NOEL). 

When oxfendazole was administered for one year to dogs and rats in chronic 
toxicity evaluations, the no-observed-effect level (NOEL) was 13.5 mg/kg per day 
for dogs and 0.7 m&g per day for rats. 

Carcinogenicity studies in mice and rats have been conducted. Xn mice, no 
evidence of carcinogenic effect was observed at any of the treatment levels and the 
highest level (1,000 ppm or 150 mglkg per day) was considered to be the no- 
observed-effect fevef (NOEL). In rats, no evidence of carcinogenic effect was 
observed at any of the treatment levels (highest level was 100 ppm). The no- 
observed-effect level (NUEL) was 10 ppm, or 0.7 mg/kg per day. 
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Oxfendazole was tested by Syntex Research fur activity against a range of bacteria, 
fungi, mycoplasma, and several soil micro-organisms. Qxfendazofe was not active 
against the soil micro-organisms at concentrations greater than or equal to the 
maximim solubility of the compound (9 ppm). Discs containing 100 mcg of 

produced no zones of inhibition when placed on nutrient agar plates 
inoculated with representative bacteria, fungi, or mycoplasrna. 

A more detailed sumary of&is study is presented in Appendix 22. 

The subactttc toxicity of oxfendazule for earthworms (Lumbrieus terrestris) was 
evaluated in a study conducted by Analytical Bia-Chemistry Laboraturies, Inc., in 
accordance with FDA ~nv~onment~ Assessment Technical Assistance Document 
4.12, Mortality and signs of sublethal toxicity, at soil concentrations up to 971 
ppm, were observed and recorded over a 2%day period. The results indicate that 
oxfendazole is not expected to have an effect on earthworms at concentrations as 
high as 971 ppm in soil. 

A more detailed suck of this study is presented in Appendix 23. 

The acute toxicity of oxfendazole for DaFhnia ma- was evaluated in a well- 
controlled study conducted by Analytical &o-Chemistry Laboratories, Inc. 
Quadruplieate groups of five first-instar larvae of mphnia ma=? less than 24 
hours of age, were exposed to concentrations of zero to 1.0 mg oxfendazole per 
liter of water (nominal) in 200 ml static systems for a duration of two days. 

Actual measured concentrations ranged from less than 0.1 mgfL to 0.86 mg,fL, 
The 48-hour EC50 was calculated to be 0.52 mg/L9 with a 95% confidence interval 
of 0.4 to 0.76 ppm, The slope of the dose-response was determined to be 2.7. 

e no-observed-effect-concentration (NUEC) was 0.12 ppm. 

A more detailed summary of this study is presented in Appendix 24. 

A second static bioassay was conducted by Analytical Bio-Chemistry Laboratories, 
Inc., to determine the effect of 2-arninoN~~6~-phenylsulfinyl-benzimidazole 
(oxfendazole amine), the hydrolytic degradation product of oxfendazole, on 
neonate BaBhnia . No mortality or abnormal effects were observed at 
concentrations of zero, 0.0 1,O. 1) 1 B, or 10.0 mg/L of the test substance. 

A more detailed summary of this study is presented in Appendix 25. 
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Bfuegill sunfish (Let3omis macrochirus) were selected as a representative species of 
we-dishwater fish to determine the acute toxicity of oxfendazole to freshwater 
fish. Groups of ten sunfish, averaging 0.54 gm in weight and 28 mm in length, 
were exposed to concentrations of oxfendazofe (97% purity) ranging from less 
than 0.2 ppm to 2.7 ppm. Fish were observed for mortality and signs of subfethd 
effects daily for the test period of four days. 

No mortality or sublethal effects were observed during the four-day observation 
period. Therefore, the 96-hour IX50 for oxfendazole was greater than 2.7 ppm, 
the highest concentration tested. 

A more detailed summary of this study is presented in Appendix 26, 

Rainbow trout > were selected as a representative species of cold- 
freshwater fish to determine the acute toxicity of oxfendazule to freshwater fish. 
Groups of ten trout were exposed to concentrations of oxfendazofe (97% purity) 
ranging from less than 0,2 ppm to 2.5 ppm. Fish were observed for mortality and 
signs of sublets effects daily for the test period of four days. 

No mortality or sublethal effects were observed during the four-day observation 
period. Therefore, the 96-hour LC~~ for oxfendazole was greater than 2.5 ppm, 
the highest con~en~a~un tested. 

A more detailed summary of this study is presented in Appendix 27. 

A ~rel~~~ study was conducted by Analytical Bio-Chemistry Laboratories, Inc. 
to determine the effects of oxfendazofe on seed germination and root elongation of 
six angiosperms of agronomic importance: 

* Wheat Triticum aes 
* Perennial Ryegrass (L&urn oerenne) 
* Cucumber (Cucu*s sativus) 
l Soybean Glveine max 
* Lettuce (Lactuca sativa) 
l Tomato (Lvconersicon esculentum) 

Six replicates, each of 50 seeds, of each of the above species were exposed either 
to deionized water (control) or to oxfendazofe suspended in deionized water at a 
conce~~a~on of 1,000 ppm during germination. Germination, defined as radicle 
length of greater than 3 mm, and radicle growth were determined at intervals 
during the test. Cucumber, soybean, lettuce, and tomato showed no statistically 
significant effects from exposure to oxfendazole at 1,000 ppm. Wheat showed a 
difference in radicle growth and ryegrass showed a statistically significant 
difference in seed germination at the l,ooO ppm concentration. 
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Due to the resu ts obtained with the wheat and perennial ryegrass, a definitive 
study was undertaken and the results of that study are reported separately. 

A more detailed summary of this preliminary study is presented in Appendix 28. 

is definitive study was undertaken to further define the effect of oxfendazole on 
wheat and ryegrass germination. This study was carried out by Analytical Bis- 
Chemistry Laboratories, Inc, in accordance with FDA Environmental Assessment 
Technical Assistance Document 4.06, 

Seeds of perennial ryegrass were exposed tu oxfendazule suspensions of 1,000, 
91& 8.3, 0.75, and 0.07 ppm while wheat seeds were exposed to 1,000, X00, 
HIM, l,Q, and 0.1 ppm. Each treatment group consisted of six replicates of 50 
seeds each. 

Analysis of variance (ANOVA) for percent seed germination showed no 
differences among ueatments for either wheat (p < 0.W) or perennial ryegrass (p < 
O,tX>. ANOVA of the wheat radiele length data detected no significant differences 
among ~eatments (p < 0.05). ANOVA of the perennial ryegrass mean radiclte 
length indicated a statisticafly sigrrificant difference did exist among treatments at 
p < 0.05. Application of Tuckey’s HSD critical range indicated a significant 
difference between the 0.75 ppm oxfendazole concentration and the 8,3 ppm 
group. However, these results do not correlate with the preliminary study (at 
1,000 ppm) and are not dose-related. No significant adverse effects on seed 
ge~ina~on and root elongation will occur in the proposed agricufEural setting. 

A more detailed summary of this study is presented in Appendix 29. 

The effect of oxfendazole on seedling growth was determined in a study carried out 
by Springborn Life Sciences Six species of angiosperms were selected for study, 
three monocots and three dicots Representative monocots included wheat 
(JJitieum aestivum), corn (Zea may&, and perennial ryegrass (Lolium uerenne). 
Representative dicots included cucumber (Cucumis s&vus), pinto bean (Phaseolus 
vulgaris), and soybean (mcine max). 

After gestation, seedlings were transplanted to plastic pots in groups of five, 
with up to eight replicates per treatment. Support media, consisting of washed 
silica sand, were treated with either contr41 or graded ~oncen~a~ons of 99.3% pure 
oxfendazole. Pots were exposed to a 16-hour light/&hour dark cycle and were fed 
by subirrigation for the 21-day test period. Shoot fength was measured 
periodically and shoot weight and root weight (oven-dry) were measured at 
termination. 
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Results were as follows: 

Snecies 

Cucumber 7.56 
Pinto Bean 0.912 
Ryegrass 7.56 
Meat lQ2*0 
cum 102.0 
Soybean 10.0* 

10.Q 
1. 82 
l.Q.0 
N.D. 
N.D. 
48.5** 

N.D. - Not determined due to conflicting results from preliminary and 
definitive studies. 

* Determined in the preliminary study. 
** Determined in the definitive study. 

A tiore detailed summary of this smdy is reported in Appendix 30. 

Since a No-Ubse~~d~Effect-~oncen~at~on was not identified for soybean in 
the first definitive study carried out by Springborn, a second definitive study 
was carried out on this species. The second study was conducted in a manner 
similar to that of the first definitive study. In the s=ond study, concentrations 
ranged from 3.6 mg oxfendazufe per kg of support medium to 110 m 
Statistical analysis of the data generated established that none of the 
concentrations tested affected plant survival, shout length, or shoot and root 
weights measured at 21 days after ~~spl~tation. 

A more detailed summary of this study is presented in Appendix 3 1. 

Under “worst case” conditions (assuming that all oxfendazole administered to 
feedlot cattle is excreted into feedlot manure and extracted from the manure, by a 
two inch rainfall, into feedlot runofo, the estimated feedht runoff concentration of 
oxfendazole is 1.468 ppm. This is the highest concentration of oxfendazole in any 
aquatic enviro~ent as feedlot runoff will be significantly diluted as it enters 
bodies of water such as streams, rivers, ponds and lakes (secondary aquatic 
environments~. Upon entry into these secondary aquatic environments, 
oxfendazofe and its major degradation product (oxfendazofe amine) rapidly 
decompose through the process of photodegradation. Dilution and photoch~~~~ 
decomposition in secondary aquatic environments reduces the environmental 
concentrations of oxfendazole and it major metabulite such that effects from 
oxfendazo!c 4~ vertebrate or invertebrate populations are expected to be transient 
and would hot be considered to be significant. 
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AQUATIC EFFECT LEVELS 

= Daphnia Toxicity >> NUEC (48 hr.) = 120 ppb 

l Trout Toxidty >> LCSO (96 hr.) > 2,500 ppb 

* Bluegill Toxicity >> LCSQ (96 hr.) > 2,700 ppb 

Under “worst case” conditions (assuming that afl oxfendazole administered to 
feedlot cattle is excreted in feedlot manure and that the manure which accnmu~ates 

ing period is mixed into the top six inches of suif at the rate of 20 tons 
of manure per ace of land) the total initial concentration of oxfendazule and its 
major degradation product (u~endazule amine) in agricultural soil is calculated to 
be 24.07 ppb. Fullowing unlimited annual appl~catiuns of manure, the build-up of 
oxfendazole is nut expected to exceed 297 ppb in soil at pH 5.17, 103 ppb in soif 
at pH 6.58, and, most realistically, 49.8 ppb in soif at pH 7.19. In the event that a 
second dose of oxfendazofe is ad~n~stered tu cattle in the feediut, maximum 
a~~~ltural soil concen~a~ons would increase by a factur of two (i.e. 594 ppb in 
soil at pH 5.17, 206 ppb in soil at pI5 6.58, and, most reaMica.lly, 99.8 ppb in 
soil at pH 7.19) 

* Micruorganisms >> 

NOEC 2 9,000 ppb (maximum so~~bility.~ 

* Seedling Growth (pinto bean most sensitive) >> 

NOEG = 912 ppb 

* Seed Ge~natiu~~t Elongation r> 

* Earthworm Toxicity >> 

NOEC (28 days) > 97 1,000 ppb 

The comparison of calculated envirunmenta~ cun~en~atiuns of oxfendazule in the 
uatic and terrestrial environments in conjunction with an analysis of the fate of 

such residues indicates that the use of oxfendazole pruducts in feedlot cattle (the 
“worst case” situation) is not expected to have a significant impact on the 
e~virunment. 
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9. USE OF RESQURCES AND ENERGY 

There is expected to be no significant depletion of natural resources associated with 
the approvalauf this New Animal Drug Application. There is expected to be no 
effect on the de letion of natural resources due to the manufacture of the 
substance ur the final dosage forms. There will be negligible demands for the use 
of energy or petr~hemicafs. 

The indirect effect of approval of this New Animal Drug Application wilf be a 
saving of natural resources and energy due to the beneficial effect of the use of 
these produets on the health and perfurmanue of animals treated with oxfendazule 
resulting in the more efficient use of feed resources and the reduced need for 
additional veterinary care. 

10, MXTIGATXUN MEASURES . 

light of the data presented above, there is no need to take measures tu avoid or 
mitigate potential env~runmental effects of the use of uxfendazole in cattle. Nu 
significant adverse environmental effects following the use of oxfendazole in cattle 
have been identified. 

aterial Safety Data Sheets (MSDS’s) are available for employees who wurk in 
raw material and formulated product manufacturing areas. Additionally, 
employees in production and packaging areas wear protective cfothing and dust 
respirators, as appropriate, to ensure compliance with all applicable standards. 

Nu other mi~gating measures are necessary since oxfendazule dues not pose a 
horn threat to the environment. 

ZL A~TER~AT~VES TO THE PRUPOSED ACTION 

Nune. No potential significant adverse environmental impacts have been 
identified. 

12. LIST OF PREPARERS 

Paul F. Kupeck 
Senior Manager 
Regulatory Affairs and Corporate Compliance 
Syntex Animal Health 
Syntex USA 

Leland W. Marple, PhD 
Senior Staff Researcher 
Department of Env+ronmental an I Analytical Research 
S yntex Research 

Richard A. Schiltz, DVM 
Vice-President and Director 
Animal Health Research and Development 
Syntex Research 
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SYNTEX ANALYTICAL RESEARCH FT- I R 
PC/IR PE4K T.48LE far IR018352 

Printed on: Mcm Ott 31 14:43:24 1988 

Peak Location 
(j3?--1) 

3393.22 
2955.32 
2362.42 
f732.3C 
1643.56 
1593.40 
1525.89 
1464.16 
1454.51 
1444 * 83 
1431.36 
3261.39 
1226.88 
5099*56 
1034.13 
10~9.41 
1035.91 
760.05 
750.40 
694 -46 

Start Frequency End Frequertcy Peak Vallue(%;r> 
(cm-1 ) (cm-i) 

3456*37 3373.93 82.854 
2966.90 2943.75 91.952 
2518.36 2721.91 90.326 
1767.02 1697.57 7S.774 
1651.28 1674.62 76.803 
1612.715 1583.76 78.628 
1539.39 7502.74 89*04S 
1487.31 1460.30 84.8r;O 
f460.30 3448.73 83.962 
1448*73 7437.15 84 054 * 
7437.15 1398.57 86.635 
2296.33 T236.53 75.036 
1236.53 7209.52 81.971 
1176.93 1091.85 92,125 
1091.85 1074.49 88.574 
1062.91 1039.76 84.360 
7039.76 1024.33 88*045 

757.06 754.26 83.377 
754.26 738.83 89.592 
715.68 677.10 89.767 
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E ~ I R ~ ~ E N T A L  A S S E S S M E N T  

1 . D A T E : A u g u s t 1 9 8 9  

2 . N A M E  O F  ~ P L IC~T: S y n tax  P h a r m a c e u tica l  In te r n a tiona l  

L im i ted  ( B a h a m a s  Chemica l  Div- ls ion) 

3 . A D D R E S S : F r e e p o r t, G r a n d  B a h a m a  Isla n d , 

B A G A M A S  -  

S e  R E S C R IP T ING  O F  P R O P O S E D  A C T IO N : 

T h e  E n v i r u ~ m ~ ~ t~ l Assessmen t R e p o r t is p u r s u a n t to  Tit le 2 1  CRF  2 5 .3 1 , 

cover fng  th e  m a n u fac tur ing  o f th e  bu lk  d r u g  substance,  ax fendazo le ,  wh ich  

wil l  b e  m a n u fac tu red  by  B a h a m a s  Chemica l  f)ivisfon, F r e e p o r t, G r a n d  B a h a m a  

Isla n d , B a h a m a s . O xfe n d a z o l e  wil l  b e  u s e d  in  th e  m a n u fac ture  o f a n  o ra l  
m e d icat ion fo r  th e  t reatment  o f in terna l  paras i tes  in  catt le a n d  s h e e p . 

T h e  use , ccX% s u m p tS o n , a n d  d lspasa l  o f th e  d r u g  subs tance  a r e  a d d r e s s e d  in  
th e  e n v i r o n m e n ta l  assessment  fo r  th e  d r u g  p r o d u c t* 

T h e  lucat ion,  w h e r e  th e  p r e s e n t act ion a n d  activi tZes c o n s e q u e n t to  Zt a r e  

l ikely to  occur,  is th e  bu lk  d r u g  subs tance  m a n u factt i r ing facil ity a t 
F r e e p o r t, G r a n d  B a h a m a  Isla n d , B a h a m a s . 

5 . IDENTIFICATION O F  C H E M ICAL S U B S T A N C E S : 

T h e  i den tity o f ox fcndazo le ,  th e  act ive ingred lcn t  in  th e  d r u g  p r o d u c t as  
wel l  as  th e  m a n u fac ture  a n d  con trol p rocedu res  a r e  desc r ibed  c lsewbcre  in  

th is  D r u g  M a s te r  Fi le. 
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a. The identities of components, reagents, and solvents used in the 

manufacture of oxfendazale drug substance are described elsewhere in 

thi.s Drug Master Filee 

b. Procedures for handling components derived from mnufacturc. 

The compcmcnts used and/or produced in the manufacture of oxfendazole 

drug substance are either recycled back into the process, or dispased 

of in accordance with the laws of the site of znanufacture. 

c. The disposal techniques and controls exercised over the materials are 
as follows: 

11 Bulk S&vents 

Spent methanol stream (about 250,000 kg/year) generated En the 

process are recovered and analyzed to determine com~l-tance with 

appropriate spccif feations. If they cmply, the solvents are 

reused in the processI Unusable solvents may either be burned 
tn an on site rotary kfln inctnerator or bicttreated in an 

actfvated sludge blotreatment basin, 



2) Solid Waste 

Filter cloths (about LOU kg/year) used in a filtration step in the 

manufacturing of oxfendazole are incinerated in the onsite 

rotating k%ln incinerator* 

3) Wastewater 

Process aqueous wastes containing both organics and fnorganics 

from the reactions are neutralfzed, and biotreated i.n atz activated 
sludge biotreataent basin. Both the primary and secondary sludge 

from the biobasins are incinerated in the onsite rotary kiln 

iacinerator. The treated water is discharged into Hawksbill Creek* 

4) Airborne Emissions 

Air emissions generated during the production process, consfst ing 

of organics such as methyl alcohol wflf be controlled by both the 
reactor condenser aad a plant ventilation system brine cooled 

condenser followed by a wet scrubber. 

f)lzst emissLons are controlled by a dust extract%oon system in the 

powder handling areas - The extraction systenr contains a bag house 

to capture the dust. 

Consequently , the treatment of emissions from these facflities 
reduces or eliminates the discharge of emissfons into the 

enviroment. 



5) Employee Protection 

Persomcl workZng in the plant arc provided with safety helmets, 

safety glasses, goggles or face shields, unifvms, safety shoes 

and gloves. If cvnd%tions warrant, the operators have at their 
disposal supplied breathfng air hoods, aprons, and bvvts. 

Directrims are written at each appropriate step of the operating 

prvccdurc advising the operators what safety equipment must be 

used during that step of the operation. Each operating prucedure 

includes a Safety and Health Section advising the operator of 
potential hazards of all chemicals used in that operation. In 

additfvn, Material Safety Data Sheets are available for all the 
chmicals handled on the plant. 

6) Sumary 

The pvllution control devgces in use and the waste disposal 

nethods used by the facility serve to minimize release of 

envtromental emissivns resultant from the prvductivn of 

vxfendazvle. Emlssivns from this facility are in cvmpliacrcc titb 

the laws and regulations listed below. 

7) Laws and Regulativns 

Envfromental Health Act of 1987 



7e FATE OF EMITTED SUBSTANCES IN TKE ~NV~R~~~NT: 

The facility located in Freeport, Grand Bahama Island, Bahamas, is a fully 

eqaf.pped chemical manufacturing facility which minimizes the release of 

etissfons into the enviroment by standard good mantsfacturing practices. 

The use of these practices and the treatment/disposal techniques in USC 

result in minimal ernfssions to the environmentl Because mfraimaf emission 

of substances into the environment is expected to occur, the concentration 

of substances in the enviroment is expected to be negligible. 

8. ENV~R~~~~~ EFFECTS OF RELEASED SUBSTANCES: 

Based on the information gfven in items 6 and 7 above, the quant itics of 
substances released into the envfronmnt, as a consequence of the manu- 

facture of oxfendazole, will be negligible. 3%~ effects oa the envfronment 

from either short-term or long-term productfon are expected. 

9. USE OF R.ESOURCES AND EHERGY: 

The raw materials used in the mmufacture of oxfendamle are readily 
available c The production of the drug substance and the energy use 

involved therein do not came a depletion of say natural resmrces that 

are in critfcally sho$ supply. a 



Bahamas Chemical Division takes all necessary measures ta achIme 

compliance with the regulations of applicable government authorities. In 

fact, the facility has taken action which exceeds the basic environmental 

requirements they must rrzcet s In light of the information presented, no 

such considerations are necessary. 

11. ~TERNAT~~ TO TBE PROPOSED ACTION: 

p313 potential adverse environmntal effects have been identified as a 

result of the proposed action. Therefore, alternatives have not been 

considered. 

12. 

. 
ML Bob De&eve 

Envfromentaf, Health and Safety Manager 
Bahanzists Chemical Divisfvn 

Frecport, Grand Bahama Island 
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1. DATE: 

2. NAME OF APPLICANT: 

3. ADDRESS : 

August 1989 

Syntex Chemicals, Inc. 

Baulder, Colorado, USA 

he Environmental Assessment Report is pursuant to Title 21 CRF 25.31, 

covering the rna~u~a~turi~~ of the bulk drug substance, oxfendazole, which 

will be manufactured by Syntex Chsmirafs, fneSl, Boulder, Colorado, USA. 

Oxfendarofe will be used in the manufacture af an oral medicat-ion for the 

treatment of internal parasites in cattle and sheep. The use, 

~u~surn~ti~n, and disposal af the drug substance are addressed in the 
~nvir~nm~~tal assessment fur the drug product. 

The location, where the present action and activities consequent to it are 

likely to occur, is the bulk drug substance manufacturing facility ixt 
Boulder, Colorado, USA. 

e identity of oxfendazole, the active ingredient in the drug 

well as the manufacture and control pracedures are esf;rfbed elsewhere 3 

this Drug Master Fife. 
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a. The identtties of ~~rn~~~ents, reagents, and solvents used In the 

manufacture of oxferrdanole drug substance are described elsewhere fn 
this Drug Master Fife. 

b. res for ~a~d~~~g components derived from ma~u~a~tur~. 

The &~rn~~ne~ts used and/or produced fn the manufacture of ~xf@~da~u~e 

drug substance are efther used In subsequent steps, recycled back 

Inta the process, or disposed of in accordance with the waste 

djsposal laws of the sites of manufacture. 

c. The dlsposai techniques and c:ontrols exlerclsed Over the mater3als are 

as follows: 

Spent methanol, streams generated in the process are recovered 

and analyzed to determine compltance with approprfate 
specfflcations. If they comply, the solvents are reused In the 

process. Unusable solvents may efther be burned in an on site 

Industrial bol’ler operated fn accordance with 40 C.F.R. 266, 

Subpart 0, or sent off site to a permitted hazardous waste 

treatment facglfty. Spent methylene chloride ts also analyzed 

for compltance with specifications and reused in the process if 

applfcable. Spent methylene chloride that is off s~e~~f~c~t~~~ 
is sent off site to a permitted hazardous waste treatment 

facility to be recycled. 



A~~rux~mat~ly 66,000 kilograms of Inorganic salts wtll be ~rvd~~~d 

as a by-product from the manufacture of oxfenda~o~~ and ~111 be 

ta a recycler to be retntroduced into the marketplace. 

A~~rox~rnat@~y 24,000 kilograms of dfatomaceous earth filter cake 
will be generated. This waste is sent to a permitted, hazardous 

waste landfIll. 

A~u@uus dfscharges from processing o eratiofls are ~~rn~~d to an an 

s'fte aerobfc Mological wastewater treatment facility to reduce 

the chemjcal oxygen demand. Routine ~n~tor~ng of ~n~orn~ng waste 
streams conststs of the rn~asur~m~nt of pH, flammability, and toxic 

organics. Treated wastewater fs discharged to the City of 
Boufder's ~ub~~~ly owned treatment works WJTWL The dW,-zharge of 

treated wastewaters into the City of BouldWs system is governed 

ufder Ordinance 

liters of treated wastewater ~111 be discharged annually to the 

Boulder POTW from the manufacture of oxfendaroje. Sludge from the 

primary clarIfler is sent to a permitted hazardous waste landf-fll. 

4) AIrbrne EmisslonS 

All emissfons of volattle organic compounds generated durln 

production process are controlled by condensers In addWon, 

process equipment vents are manifolded and ducW-" through wet 
scrubbers employing caustic scrubbtng solutions, and finally 

through activated carbon adsorptSon untts before dfscharge to the 
atmosphere. Cons~~u~~t~y, the treatment of emfsslons from these 
facfllties reduces or eliminates the dkxharge of these gasses 
Into the env~~onrn~nt~ 



~XFE~~A~~L~ 

(continued> 

Personnel wurklng in the plant are prov! ed with safety helmets, 

safety glasses, guggles or face shfelds, un~forms~ safety shoes 

and gloves. IIf conditions warrant, the operators have at t 

disposal s~~~~~~d breathjng air hoods, supplied breathing air 

sufts, aprons, and boots. DIrections are wrPtten at each 

appropriate step of the operatfng procedure advistng the operators 

what safety ~~u~~me~t must be used durgng that step of the 

operatfon. Each operating procedure Includes a Safety and hearth 

sectlon adv#stng the operator of potential hazards of all 

chemlcafs used fn that operation. In addltton, Maternal Safety 

Data Sheets are available for at1 the chemfcals handled on the 

plant. 

olfution control devfces in use and the waste dtsposal 

methods used by the facIltty serve to mtn{mIze release of 

environmental emissions resultant from the productlon af 

oxfendazole. Emfssfons from thts facflity are fn ~orn~~~ance with 
laws and regulations listed below. 



(mmtinued) 

7) tatis and Regulations 

Clean Air Act, as amended 

Resource Conservation and Recovery Act, as a~~~d~d 

- kfater PollutSan Control Act, as amended 

Emrgency Planning and C~~u~~t~ Right-ta-Know Act af 1986 

Occupatimat Safety and Health Act of 1970, as amended 

State Laws and Regulations, as amended 

Colorado Hater Quality Act 

Colorado Water Quality Regulations 

Calm-ado Water Quality Standards 

Colorado Air Quality Act 

Celorado Air Pr>llution Cwtrol Regulattons 

Colarader Dbcharge Pemit System Regulations 

Colorado Oisposaf Sites and Facilitks Law 



i 
. 

E~~IR~~M~NTAL ASSESSMENT 

(continued) 

Colorado Hazardous Waste Act 

Colorado Hazardous Haste management Regulations 

Colorado Standards for Owners and Operators of Hazardous Waste 

Treatment, Storage, and Oispcrsal Facilities 

Colorado Hazardous Waste NotifScatbn and Permit Rules 

Local Rules 

City of Boulder Ordlinance No. 4667 for fndustriaf Wastewater 

Wschargers 

The facil'lty hxated fn Boulder, Colorado, USA, is a fully equipped chemi- 

cal manufacturing facility which minimfzes the release of em3ss-ions into 

the ~~v~r~nm~nt by standard good manufacturing practices. Jhe use sf 
these practicss, the laws and regulations in effect, and the treatmentf 

dispasaf techn?ques in use result in minimal emissions to the environ- 

melt * Because Miguel emission of substances into the ~nvjr~~m~~t is 

ccted to occur, the concentration of substances in the environment is 

expected to be negligible. 

8. ~N~~R~N#~~TA~ EFFECTS OF RELEASE@ SUBSJANCES: 

Based on the )nfor@atian g-fven in items 6 and 7 above, the quant-ities of 

stances released into the environment, as a consequence of the manu- 

facture of oxfendazale, will be negligible. No effects on the ~~vir~nrn~~t 
from either short-term or long-term production are expected, 



9. USE OF RESOURCES AND ENERGY: 

JAe raw mte~ials used in the manufacture of oxfendazofe are readily 

available. Jhe production o;F the drug substance and the energy use 

involved therein do not cause a depletion of any natural rmaurces that * 
are in critically short supply. 

JQ. MITI~AJI~~ MEASURES: 

Syntex Chemicals, Inc. takes all necessary measures to achieve compliance 

with the regulations of applicable ~~ve~~~e~t authorities and cited in 

the Code of Federal Regulations Title 21, part 211. In fact, the facil- 

ity has taken action which exceeds the basic e~v~~~~~e~~al r@~ui~e~~~ts 

they must meet. In light of the information presented, no such consider- 

ations are necessary* 

A~JER~AJI~E JO THE PROPOSED ACJICW 

Ho potential adverse environmental effects have been ideentified as a 

result of the prclposed action. Therefore, alternatives have not bee 

rmsidered. 

12, &ISJ UT PREPARERS: 

Mr. John Sipkowski 
E~v~r~~~~~tal Specialist 

Syntex Chemicals, Inc. 

Boulder, Colorado 
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Qxfendazole 9.06X Suspension and Oacfendazole 22.5% 

Environmental Assessment 

The following is an abbreviated Environmental Assessznent, pursuant to 21 
CFR 2%Xa, covering the manufacture of Dxfendazole 9.06X Suspension and 
CbCfendazoJe 22.x Suspension. 

: March 17, 1987 

: Diamortd Scientific Co. 

: 2538 S.E* (i3rd Street 
Des Moines, Iowa 50304 

4. : The proposed action is the 
IMMlfaiCtUre ) processing, packaging, labeling and control of the 
following products: oxfendazole 9.062 suspension and oxfendazole 
22.X suspension. 

b. 

This environmenta assessment is necessary for the approval of the 
New Animal Drug Application for oxfendazofe 9.1)6X suspension and 
oxfendazole 22.332 suspension to be marketed by Syntex Animat 
Health, Xnc. ) a subsidiary of Syntex Agribusiness, Inc. 

‘The bulk active chemical will be supplied by Syntex to Diamond 
Scientific Co+ 2538 S,E, 43rd Street, Des Moines, Iowa, where the 
final product will be formulated and packaged, 

Finished product will be returned to Syntex Animal Realth, 31ncII 
S3rzs Maims, Iowa, for sale and distribution. Location of ultimate 
use will be specified by Syntsx. 

Negligible quantities of product generated during equiprpent 
clean-up or production waste are disposed through mnieipaX waste 
water system or solid waste landfill facilities* In the event a 
production batch is determined to be outside of eccr stance 
specifications and bisposaf is required, arrangemnts will be made 
with the solid waste landfill servicing Diamond to dispose of t:he 
failed batch in compliance with local waste disposal regulations 
or incinerate the product using an on-site incinerator. 



e. 

Diamond Scientific Co. is located in a me level brick, tile and 
cunerete structure at 2538 S,E8 43rd Street% Des Moines, Polk 
County, Iowa 50317 a The main building at this site houses the 
administration offices, manufacturing facilities, warehouse, 
engineering and maintenance facilities. This structure is located , 
on approximately 34 acres of land and contains about 142,000 
square feet. A separate building immediately adjacent to the 
sovth of the main building is used fur biological quality control 
and related activities and contaiw approximately 12,100 square 
feet of floor area; 4,100 square feet of this building is used for 
animal testing. Additional smaller buildings are located on the 
site and are used fur animal housing, Alsu, a separate 3,696 
square foot smdular office building is located north of the main 
pl+at. * The main buildings and the additions are equipped with 
sprinkler systems0 

5. 

Cbcfendazole is also known as arethyle 5-(phenylsulfinyl) - 
2-benzimidazole carbamate. 

Ckfendatole is a white-gray powder which may have a slight color. 

Not applicable - Svntex to supply for Droduct. 



%. 

The following is a fist of the substances used in these two 
fomulat ions: oxfendazole; polyoxyl 40 stearate; poIyethyletie 
glycol 8000; citric acid, nzonohydrate; sodium citrate, dihydrate; 
xanthan gum; pleth~LC~1.hllWiM?; colloidal silicon dioxide; sorbic 
acid; simethicone; methylpsrsben eind purified water. 

fnsigaificant amounts of the listed substmces wi 
environment at the production site. Beciruse of the higit cost of 
pharmaceutical materials, as well 88 GMP requirements for strict 
accounting for their use5 the manufacturing process is designed 
and expected to result in minimal residues, less than 1.0% of the 
materials wed in manufacturing . 

Diamond Scientific Co, will comply with all applicable federal, 
8tatet and local regulations as follows: 

: No vapors or fumes are generated by the 
manufacturing process. An Air Pollution Control Permit has been 
issued tu Diamond Scientific Co. by the City of Des Moines. 
Referetlces: Chapter 5, Po3.k County Air Pollutioa and Control 
Division, 

: No effluent is generated in the manufacturing 
process with the exception of negligible mounts resulting from 
equipment clean up. All pertinent approvals for Diammd 
Scientific &sue been received from the Des Huines Murricipal Sewage 
Treatment Facility. Reference: Chapter 16, Municipal Code of Des 
Hoines. 

t Sa.rrds...afflwant: I Due to the csreful controls employed in the 
gtanufscture of the finished products, an insignificant amount of 
material. from the process can be expected to be released into the 
errvirorment e The only other solid waste would be generated from 
defective packaging material which would be disposed of through 
incineration in an on-site incinerator or normal solid waste 
collection procedures. The dispusal of solids complies with all 
locaX waste disposal reguXatioas. Reference: Ghapter UN-108, 
Department of Water, Air, md Waste Management, State of I;owa. 

: No release of the product or its * 
ingredients into the environment should occur because of faulty 
containers or inrproper distribution as both are cuntrolged under 
CGMPS. 



Frown discuss ions above t no deleterious effects are anticipated due 
to the approval of the proposed action. 

Not applicable - Syntex to supply for pruduct. 

8. 

&t applicable - Syntex to supply for product. 

The raw materials ueed in the formulation of the final dorage form are 
readily availab I.e. The production of the oxfendazole suspension 
products artid the energy use invuI.ved therein do not cause depletion of 
any natural resources which are in critically abort supply, although 
the materials are Irretrievable once used. 

No disruption of the physical environment i8 anticipated other than 
the usual effecta of operating the pharmaceutical and chemical 
rPdinufacturiXtg facilities which are already irt place. 

Diamond Scientific Co. will take all the necessary measures to remain 
in compliance with the statutes nuted in this report. 

11. 

Not applie*able - Syntex to suppry for product. 

Thomas Froke 
Regulatory Affairs Coordinator 

Loruis Van Daele 
Director of Pharmaceutical Operations 

The undersigned iffical certifies that the infolranation presented is 
true, accurate and complete to the best csf the knowledge of Diamond 
SeiezitLfic Co. 

AA we7 
Dste I 
9k ??W+$ 

Diamond Scientific Co. Offical 



APPENDIX 6 



1. 

2. 

3. 

4. 

5. ~dentjf~~at~u~ of Chemical Substances. 

Environmental Assessment 

Date: March 11, 1987 

~a~~ of Applicant: Coopers Aromas Health Inc. (Coopers) 

Address: 2QQQ South 11th Street 
Kansas City, KS 66103-1438 

~~s~ri~t~~n of Proposed Actl'on: The proposed action is the manufactures 
processing, ~a~ka9~n9~abe~9 and control of the follawing products: 
oxfendatal e 9,06 percent suspensian and oxfendarole 22.5 percent 
suspension. 

4a 0 

4b. 

4c. 

4d. 

Requested Approval - Need for the Action 

This environmental assessment fs necessary for the apprwal of the 
New Animal Drug Application for oxfendazole 9.06 percent suspension 
and axfendarole 2225 percent suspension to be marketed by Syntex 
Anfmal Health, Inca, a subsSdfary of Syntex Agribusiness, Inc. 

Producti on Locatt’on 

The bulk active chemical w-f11 be suppaied by Syntex to Coopers 
Animal Health Inc. where the final product will be formulated and 
packaged, These actfvities will occur at the Coopers facility 
located at 2000 South 11th Street, Kansas City, Kansas 66103-1438 
(FDA Drug Establishment Registration Number 191748). 

Location Where Pruduct will be Used 

ed product nil I be returned to Syntex Animal Neal th, Inc., Des 
Mofnes, Iuwa, for sale and distrfbution. Location sf ultimate usie 
nil1 be specified by Syntex. 

Location Where Product ~11 be DSsposed Of 

Product not meetfng specfficatians, dust and refuse from f~rrn~lati~9 
and ~a~~a9~~9 activities, wfll be removed by an approved sol id waste 
ha~dl~n9 organization and deposited in an approved waste location. 

Oxfendarol e is al so Mown as me thyI 
benzhidatole carbamate. 

Wphenyl sul finyl j-z- 

Page t of 3 
March 1987 
2410CK 



5b. 

5c. 

Sd. 

5& 

GAS Regfstry Number 

No l 53716-50-O 

Molecular Weight 

315.34 

Molecular Formula and Structural Formula e 

PhysIcat Descrfptian 

Oxfendarole is a white-gray powder which may have a slfght color. 

ba. Substances that Could Enter the EnvMmment 

The foIlawing fs a list uf the substances used in these two 
famulat?ons: oxfendazdt e; polyozyl 40 stearate; polyethylene 
glycol 8000; citric acSd, ~~~o~ydrate; sudr’um cf,trate, dihydrate; 
xanthan gum; methyl cellulose; collofdal sfticon dfoxide; sorbic 
acid; sfmcthkone; methyl paraben and purified water. 

Cib. Controls Exerctsed and Applicable EnissW~ ~e~~~r~~nts 

There are no signifkant emissions fnto the environment anticipated 
from the rna~~fact~r~~~~ label ing and packagIng lof oxfendazole 9.06 
perceent and 22.5 percent s~spensf~n. As far as a citatiun of 
~~~~~ca&~e emlssfons requirements, we cite the Code of Qrdinances, 
City of Kans‘as City, Kansas, deeded Chapter 2A, which provides the 
fotbm$ng t4mfts of emissfm of partfculate mattw fn-to the 
environment: 0.550 Tbsfhr. for a 100 lb solids process wetgk 



6c. Coopers Animal Health Inc. fs currently and will continue to be in 
cbnrplfance wSth aI1 applfcabk emissions requirements ~~n~l~d~n~ 
~~c~~at~~~a~~ at the federal, state and local level. FDA approval 
Of Coopers as a ~a~ufact~rin~ site for Syntex will rrat have an 
effect On compliance With WW?nt emission requirements at the 
production site {Le., Coopers Anfma’l Health Inc., 2000 South 11th 
Street, Kansas Cfty, KS 66103). 

9. kc of Resources and Energy 

Since Coopers will not MfiufaCture the bulk drug but only formulate and . 
age the drug products, the use of rwxwces and energy is finite, but 

~~s~~~~fj~ant and not accurately quantifiable. 

12. tfst af Preparers: 

Donald A. Buss 
Mw%w, Regulatory Affairs 
Codpers Anfmal Malth he. 
~~ua~~ficat~~~s Include technical 
edwatSon and 15 years' experience 
fn regulatory complidnce and related 
matters) 

13. Ccrtffkation 

The ~nd~rs~~~ed offMa certWks that the j~f~~at~~~ presented is true, 
accurate, and compkte to the best of the knawledge of the ~ndjv~dua~s ' 
respansfble for preparatim and certificatisn of this Environmental 
Assessment. 

TJtle of Responsfble Official) Director, Regulatory Affairs 
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Water SoFubilfty of Oxfendazofe 

The aqueous solubility of oxfendazole was determined utilizing 
three methods * The first method wafj the undersaturation/ 
oversatutatim method utifizing 33 mg of 98.95% pure oxfendazale 
and 2 liters of deionized water. The experiment was not repli- 
cated. The second method was the time-dependent equilibrium 
methud where oxfendazofe was dissolved in methanol and in 
acetone and deposited on the side of a two-liter flask, Watex 
was added and the amaunt dissolved was measured ovec one month. 
The experiment was not replicated. In the third method, t’he 
solubility of oXfendazo3.e was determined in a pH 6.25 buffer 
system. The sample was equilibrated fox 5 and 24 hours* Samples 
were taken in triplicate and analyzed by HPLC. 

The mean solubility established in the over/under saturation 
method is 3.87 m,gfL f 0.46 with a range of 3.11-4.63 mgfL at 
90% C.I. The solubitity resulting from the time-dependent 

ethos ranged from 5.33 mg/L (filtered) to 9.05 rag/L 
funfiLtered) at 4 weeks far the methanol solution and ftom 9.70 
mgfL at I. week to 6.78 mgfL at 4 weeks for the acetone method. 
The solubility measuted from the pH 6.25 buffer ranged from 
4.56~5.f1. 

Data weze obtained from an additional study by the under- 
saturation/oversaturat~~~ method conducted at an ionic strength 
of j.k = 0.45. The experiment was replicated three times. 
Solubility ranged from 1.76 mg/L to 2.02 mg/L. 
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Water Solubility of Oxfendazole Amine 

The major hydrolytic degradation product of oxfendazofe is 
Z-amino-5(6)-phenyfsulf~nyl benzimidazole: its solubility was 
studfed by Method 3.01, XV B, Wnderaaturation/Oversaturation, 
as described in the FDA Environmental Assessment Technical 
Handbook. The study was carried out at Syntex Research. 

Triplicate suspensions of the test compound were prepared in 
aqueous buffer mixtures at pH 5.0, pH 6.9, and pH 8.9. To 
achfeve an initial condition of oversaturation, a set of r;ampler; 
is heated to SO°C for one hour while undersaturated 
solutions. are maintained at 2PC. When the difference in 

- concentration between the oversaturation and undersaturatian 
solutions is less than rj%, true equilibration solubifity has 

een reached. 

Solution samples were filtered and analyzed by EPLC. 

Equilibration solubility was reached at Day 7 for the samples 
at pH 53; solubility was estimted to be 46 ppms Wowever, 
at pH 6*9 and 8.9. the difference between under- and over- 
saturation exceeded 5% up to Day 28 when the experiment was 

The solubility of oxfendazole amine at pK 6.9 and 
pH 8,9 exceeds 50 ppm but cannot be estimated with greater 
precision since equilibration solubility was not achieved. 
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Determination of Apparent pKla and pR2a Values of 
Oxfendazole from Solxhility Variation with pH Studies 

The solubifity and pKa values of uxfendazole were determined by 
the general. solubility method (Reference 1). SoTubility deter- 
@ inations were made in hydruchlori~ acid (pH 2 3)# potassium 
hydroxide (pH 2 12), and in buffers (pW 3-11). The ionic 
strength uf the buffers was 1.0. Oxfendazole was suspended in 
f-4 ml of solution and equilibrated for two days at constant 
temperature (25 f Q.!PC). Based on the measured solubility 
below pH5 and above pW8, respectively, the pKla was calculated 
to be 3.5 f 0.28 and the pK2a was calculated to be 9.8X. f 
0.33.. 

The sulubility prufile of uxfendazule over a range of pri values 
is displayed in Figure 1. 

1. A. Albert and E, I?. Serjeant, HZonizatiun Constants of 
. Acids and Basest*. Chapman and Hall, London, 1972, 



pH Versus Solubrltty Proftir 
Oxfandazafe font th 1.8N 2 

1 
0 1 2 3 4 5 6 7 8 9 18 11 12 13 14 

Ps-l 
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OctanollWater Partition Coefficients 

A study was designed to determine the tendency uf oxfendazole 
to distribute between n-octanuf and water. Test solutions of 
l4G-oxfendazule (purity NLT 96*7%) were prepared at contsentrd- 
tiuns of 0.5 and 5 pg/mf (91.6 X UF6M and 1.6 X fOe5M) in 
99.7% pure n-uctanol . Duplicate 20 ml samples of these test 
solutions were then mixed with respective duplicate samples of 

uiled distilled-deionized water. The resulting mixtures were 
shaken fur 20 hours at 25Vk 
ration of the two phases, 

After centrifugation and sepa- 
duplicate samples uf each sulvent were 

measured fur radioactivity by liquid scintillation counting, 

The results were as follows: 

Table (X) 

Partition 
Coefficient 

DPMlml flog Kow) 
Oxfendazole % 
Cuncentratiun I!eE! n-octanu; Water Tutal Recovery 

0.5 wg/ml 1 114,300 1,264 115,564 99.66 3.9S6 

5.0 tng/ml 

2 114,728 1.256 U.5,984 100.02 
@&an 114,514 1,260 115,774 99.84 1.959 

1 l,f33,382 12,756 L146J.38 98.96 1.949 
2 f,140,018 22,932 2,152,950 99.55 

Mean 1,136,700 12,844 1,149,544 99.26 

Even though oxfendazule has been shown to be amphuteric, it is 
stable in form uver the pW range of interest, 5 to 9. There- 
fore, the log Kow of approximately 1.95 is representative of 

e partition coefficient of oxfendazule under conditions to 
which it would be exposed in the envirunment. 



APPENDIX 11 



Vapor Pressure 

The first attempt to measure the vapu’r pressure of oxfendazoie 
was made by measuring the amount of 14Gaxfendazole in small., 
equilibrated volumes of nitrogen. This work indicated that the 
vapor pressure of uxfendazole is approximately 2.2 X lO-6 Torr. 
A second study, by an independent method, was undertaken to 
attempt to validate the first study. 

The second study tu determine the vapor pressure of oxfendazole 
was conduxetud with a method developed by Syntex which uti%zes 
electron impact mass spectrometry instrumentation. Five 
micrograms of solid oxfendazule were placed in the mass 
spectrum&er chamber under a pressure of 2 X 16 Torr, 
Measurements of total ion current and intensity were obtained as 
the temperature was stepped by increments of 5OW to 
3QQ~C l From the data collected, the vapur pressure at 
ambient temperature (22.EW%Z or 295%) was estimated by 
calculation to be 3.2 X IO-11 to 2 X lWrl Torr. This is far 
below that which is measurable by the gas saturation method, 
which estimated the vapor pressure of uxfendazole at 
2*2 x lW6 Torr at 25OC. In view of the lack of 
validation, it is prudent to conclude only that the vapor 
pressure of uxfendazoLe is between lWd and 3~3-~~ Torr and 
thus below the level of environmental concern, 
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Ultraviolet-Visible Absorption Spectrum 
of Oxfendazole in Water 

A study was conducted to determine the ability of oxfendazofe to 
absorb radiation in the W-visible spectrum. Oxf endazote, of 
97% purity, was prepared in a methanol stock solution that was 
serially diluted with distilled-deionized water to solutions of 
10-‘4# and l.O-5M concentrations. Samples of each concentration 
were tested, in triplicate, for peak absorbance in a scanning 
UT&visible spectrophotumeter. 

Absurbance peaks were found at 228 nm and 295 nm. 

Absorbance 
Peak Band-Width Molar Extinction 
(nmTn) Inm) Cueff icient 

(X 104) 
228 31.8 f 0.4 3.6225 f: 0.1394 
295 19.3 f 0.9 11.6512 f O-0772 
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Soil Adsorption’and E&sorption 

study was conducted to determine the ability of oxfendazole ta 
sorb and desorb from three different types of soil- Oxfendazole 
(either 99% pure drug 14C-labelled in the imidazole ring or 
mixtures of the 14C-labelled drug + various amounts of 99.8% 

ure drug that was non-labelled) was diluted with 0.01 M CaCl2 
0 make up test solutions. One-hundred ml of these test solu- 

tions were then added to triplicate 20 gram samples of each soil, 
type* The nominal test solution concentrations were: 1) 

.85 ppm for the screening test, and 2) &04, 0.2, 1.0, and 

.Q ppm for the advanced test. The actual oxfendazole concen- 
trations were measured via liquid scintillation counting and the 
average concentrations in the screening and advanced test solu- 
tions were found to be: 1) 2.79 ppm, and 2) LO6, 0.22, LO2, 
and 5.02 ppm, respectively, Appropriate blanks for the test 
solutions and the soils were used as controls for this study. 

The three soils tested were a sandy loam and a silt loam from 
California and a clay loam from Mississippi. These three soils 
had the following characteristics: sandy loam = 55% sand, 
29% silt, 16% clay, 2.0% organic matter, pH 5-4, C.E.C. of 
15 meqflO0 g; silt loam = 43% sand, 52% silt, 5% clay, 1.4% 
organic matter, pH 7-0, C.E.C. of 18 meq/lOO g: clay loam = 
23% sand, 47% silt, 30% clay, 1.7% organic! matter, pW 7.4 and 
CIE,C. of 19 meqflO0 g. 

The screening test was run for 16 hours and demonstrated that 
oxfendazole was readily sorbed to and not readily desorbed from 
these three soils. The average % adsorption, Kd (distribution 
adsorption coefficient), and Koc (Kd adjusted for % organic 
matter) for the above soils were: 53%, 6.0, and 512 for the 
sandy loam; 43%, 3.9, and 470 for the silt Loam, and 76%, 16.7 
and 1,673 fur the clay loam. Subsequent testing for the loss of 
oxfendazole from these soils upon two cycles of desorption with 
untreated 0.01 M CaCl2 solutions resulted in total oxfendazole 
losses from soils of 33%, 45%‘ and 19%, respectively. Based 
upon these results, an advanced test was undertaken. 

The results of the advanced test demonstrated that the equilib- 
rium between oxfendazole partitioning into water and soil was 
ceaehed in these three soil types in about 22 hours. At 22 hrs, 
the sandy loam adsorbed from 52-65% of the various oxfendazole 
doses, while the silt loam and clay loam, respectively, adsorbed 
from 44-U% and 76-81% of the oxfendazole present. As would 
be expected, there was a distinct tendency for the lower 
oxfendazole doses to be more completely sorbed by the uniform 
level of sorbant (20 g soil). The K’s and Kocls calculated from 
the isotherm portion of the advanced test data were reported to 
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Biodegradation in Soil 

ation of oxfendazole was studied a Biospherics 
ed in three different types of soi The character- 

istics of the three soil types are listed below: 

Soil Tyf?e 
Sandy Loam 

Organic C.E”C. 
Oriain eland Silt Clay -- Matter pW meq/lZ)Qql 

GA 77 11 12 2.0 6*3 10.4 
Silt Loam AK 15 72 13 1.2 6.4 fle0 
Silty &lay Loam AK 18 49 33 2.2 7.4 19.0 _ 

Since the pK3.a of oxfendazole has been determined to be 
3.54 f 0.28 and the pK2a to be 9.81 & 0.31, oxfendazole 
would not undergo a change in form in the pH range of the soils 
tested; thus * the soils selected for study were appropriate 
test soils. 

riplicate samples of each soil were prepared and dosed ds 
oflows: 

1, k4C-oxfendazole (99.8% 
10 ppm 14C-oxfendazole 

pure) : 10 ppm 
2. + 500 

u*.7 ppm 14 C-oxfendazole 
ppm glucose 

3. + 500 ppm glucose 
4, 500 ppm g’fucose 
5. Nontreated controls 

Samples were placed in flasks which were connected to inlet and 
outlet trapping systems. Radioactivity produced from the sample 
was measured by liquid scientiflation counting of the traps. 

t the end of the 68-day test period, a mass-balance approach 
was taken with the oxfendazole-treited soils to attempt to 
account for all of the radioactivity. About 85% of the radio- 
activity was accounted for by this technique 

At least 60% of the 14Gglucose in the positive control. flasks 
had been metabolized to gaseous products: therefore, the three 
soils contained healthy microbial populations. During the same 
68-day test period, less than 0.5% of the 14G-oxfendazofe was 
found to be converted to 14C-Co2 or other volatile products 
in any of the three soil treatments. 
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Hydrolysis of Carbon-14 Labelled Oxfendazole 
(Benzimidazole Carbamate) 

In a study conducted by Biospherics Incorporated, the hydrolysis 
of 14C-fabelfed oxfendazole was determined in buffer solutions 
at pw 5, 7, and 9 over a 28-day period. Each of the respective 

w solutions, maintai.ned in triplicate, contained 2.64 mg 
4C-oxfendazole/L buffer and was kept at 25 f PC. Samples 

were taken for determination of oxfendazole radiocarbon levels 
to 3-day intervals over the 28-day test period. 

dditional samples were taken periodically to determine the 
proportions of degradation products present in each 

the respective ph solutions. These determinations were 
carried out by means of TLC separation and autoradiographic 
comparison with Rf values of cold standards of specific pos- 
sible degradation products, 

tal radiocarbon recovery rates ranged from 9598% at the 
ginning of the test and were still 96-97% of initial levels 

at 28 days, indicating that no radioactivity was lost through 
volatilization during the study. 

itth?, if any, degradation of oxfendazole was observed at 
ither pH 5 or pW 7; therefore, neither hydrolysis rate con- 
tants nor half-lives could be estimated at these pH values, 

However, at pH 9, oxfendazofe degraded rather rapidly, with 
(only 3&2% of the total radioactivity remaining as oxfendazole 
at day’28. At pN 9, the rate constant was determined to be 
3.94 x 10 -2 day-1 and the half-life was calculated to be 
27.6 days. 

s determined by TLC analysis of the degradation products 
ound at pll 9 at day 28, about two-thirds of the radioactivity 

remained at the origin (polar components which represent the 
hydroxy~heny~sulfinyl and the a-amino products). Less than 

.5% of the radioactivity chromatographed as other, less poLas 
oxf endazole analogues, such as the sulfone and the -thio 
analague (fenbendazole). 





Chemical Reactivity of Oxfendazofe in Solution 

n this study conducted by Syntex Research, the hydrolysis of 
oxfendazole was determined in aqueous buffer solution at 
UPC as a function of pH. Results indicate that the degrada- 

ion of oxfendazole follows simple first-order kinetics over 
more than four half-lives. At all pH values, the only 
degradation product observed was 2-amino-5 phenyfsulfinyf- 
benzimidazole. The observed rate constant was independent of 
pH below pH 2.5, decreased from above pH 2.5 to pH 4, became 
~~d@~~nd~~t of pH again between pH 4 and gH 6, and then showed 
a linear increase with increasing pH to give a slope close to 
unity. In the pH range of 6 to 12.5, uxfendazole shows a 
linear dependence on hydroxide ion activity, with an inflection 
at approximately pW I.0 where the dissociation of oxfendazole 
affects the rate of hydrolysis, 

using the data from this trial and the data from the ~~~sph~~~~s 
ZncorporUzed trial (see Appendix (xl-7a, above), the hydrolytic 

alf-lives of oxfendazole, as they vary with pH, are as foXlaws: 

gH 
5.17 

Half Life 
(Days) 
2983 

6.58 946 
7.19 383 
7.82 157 
8.32 51.9 
8.56 33.8 
9,16 17.6 
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YDRQLYSiS ON THE ~~~~ENT~AT~~NS OF UXFENOATQLE IN 
FEEDLOT MANURE 

The effect of hydrolysis on the cancsntration of axfendazole in feedlot waste will vary 
greatfy with pil. One may esti ate the amount converted at various assumed 
values from the rate data reported in Document # AER 10,008, ~~~~~~~~~#~a~ ~~~~ 
Me of ~~~0~~~0~0 in Catiks Manure and A~~~~u~~~~~~ Sot&. The ~~~ce~trati~~ at the 
end of 136 days, the assumed manure residence time, is givsn in the Table below. 

GEN~~AT~~~ OF QXFENDAZQLE iN FEE LOT MANURE 
AT THE END OF 336 DAYS 

OF CANDLE t% (days) k (Per day)’ CJC’ c (PFW3 

5.17 2983 0.0002323 1.032 1163 
6.58 946 0.0007326 1.105 1086 
?,I9 383 0.001809 1.279 938 
8.56 33.8 0.02050 16.26 73, 8 

t = half-Iife 
k = degradation constant 

co = initiai concentration 
c = finaf ~~nc~ntratj~n 

NOTES: 

VI From rate equation: C = C, x exp(-kt) 

therefore In C = In C, - kt and k = In (C, f G) I t 

At t%, C is one-half C, therefore C, I C = 2 and In (C, f 6) = In2 

in2 = 0.693 

k = 0.693 f t, : t, is taken from column two 

From the equation above: k = In (C, / C) I t 

therefore In (C, f C) = kt and C, I C = e-” 

with k taken from column three and t = 136 days 

PI Whsn C, = 1200 ppm: C = 1200 .I (C, / 6) 

(C, I C) is taken from column four 



The initial concentration of oxfendazofe in the manure is based on a one time dose 
of 4.5 mglkg, an animal weight of 308 kg, a residence time of 136 days, and a dry 
basis manure excretion rate of 3.4 tons~l~Q~# animal-year. 

e pH of feedlot manure has been measured for a Colorado feediot by 
al (I). The measurements were made over a one year period, and represented 6 
di~erent types of rations. The mean value and standard deviation derived from 139 
samples collected from three focatfons within the feedlot Were 7.09 and 0.07, 
respectively. 
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OILDUP QF OXFENDAZQLE IN AGRICULTURAL SUfLS WITH VARYING 
VALUES UPON REPEATED APPLlCATtON OF ~AN~~~ FROM TREATED 

CATTLE 

The b~jid~p of oxfendazoie in agricu tural soils fro 
~~~ta~~~~g ~xf8~d~~l~~ taking into account the lass of ~x~e~d~~~8 dus to ongoing 
hyd~~~ys~s~ can by calculated as foflows: 

Using the values below the concentration of oxfandazofe i ag~G~lt~~a~ soits ~~$r the 
a~~t~~~ of manure is cafculatsd to be 24.07 ppb. A detailed 8xpla~at~~n of this 
~lc~~at~~~ is found in the text. 

~x~8~d~~~8 adminiS8r8d - 4.5 mgfkg body weight 
Feedlot psr’iod - 236 days 

Concentration in manure - 1.2 mgfkg manure 
A~~~~t of manure used - 20 tons/am3 

Weight of top 6” of topsoil - 9.09 x IO5 kg/acre 

Af&r one year the c~~~8~trat~~~ in soil with a PI-I of 5.17 p~uv~d~~g for hydrolysis 
could be calmlaZed as follows: 

0 = 24.07 ppb (the initial ~~n~8nt~at~~~ OXf8~d~~l8 in soil) 

== 365 days 

c n-1 = 24.07 x 0.919 = 22.12 ppb 

ach subsequent ysar the c~~~entratiu~ would be: 

c f%X = G, x (0.919)" 

Af!er n ysars the accumulated PXf8ndaZ2!8 ~~nc%~trat~~~ in the soif, acc~~nt~~~ 
the loss through hyd~~~ys~s would be: 

c, = 6, + c, x 0.919 + c, x (0.919fZ +...c, x (~~9~9)~-’ 

= 6, x (1 + 0.919 + (0.919y +...x (0.919)“y 



-4 ir 
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Photolytic Decomposition of Oxfendazole 
in Aqueous Solution 

The phatodegradation of oxfendazole was characterized by 
exposure to sunlight of aqueaus solutions at pW 5, p 7, and 
pM 9, in conformance with Technical Assistance Document 3.10. 
Solutions of oxfendazole at nominal concentrations of 1.5 ppm 
(I/2 maximums were exposed to sunlight for three hours, start- 
ing one hour before solar noon. In each case, the extent of 

~~t~d~gradatiu~ exceeded three half-lives since the concentra- 
iun of oxfendazole was reduced, after exposure, to less than 

20% of the starting concentration. 

The reference chemical used in this study was p-nitroaceto- 
ghenone in an aqueous 0-Z 84 pyridine solution containing 

acetonitrile. Actinometers made from this material were 
osed to sun at exactly the same intervals as the oxfendazofe 

sofutions. 

After determination of the half-fives of uxfendazole, compensa- 
tion for changing salar radiation was made by ccrmparing the 

egtadatian rates of oxfendazole to those of the actinometer. 
In alf cases, oxfendazole degraded more rapidly than the actino- 
meter and the environmental summer season photodegradation rates 
for oxfendazole were calculated to be as fof,lows: 

2 112 

5.0 0. 1QQ days 
6.9 0.124. days 
8.9 0,073 days 
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Photolytic Decomposition of 6xfendazol.e Amine 
in Aqueous Soflution 

The major endproduct of hydrolytic degradation of oxfendazole is 
he amine, 2-amincGj(6)phenylsulf inylbenzimidazole, A study was 

carried out by Syntex Research at Pale Alto, CA, to characterize 
the rate of photodegradation of oxfendazole amine in solution. 
Oxfendazole amine was studied at a nominal concentration of 
11 ppm, less than one-half its measured salu ility, at pH 5,1X, 
pH 6,97, and pH 9.05. The study was carried out to conform with 
Method 3.3~3 in the FDA Environmental Assessment Technical 
Assistance Document:. 

e reference compound used in this study was ~-n~t~uac~t~~h@n~n~ 
in an aqueous 0.2 M pyridine solution containing 1% acetenitrite. 
Actinometers containing this material were exposed to sun at 
exactly the same intervals as oxfendazole amine solutions: 
eagc, for a four-hour period beginning ane hour before solar 
nuen. Since degradation at pE3 5.I.f was slower, exposure of the 
solutions at this pfl were exposed on a second day to achieve two 
half-Lives. 

n all cases, the oxfendazole amine degraded faster than did the 
actinometer, Calculated half-lives fur summer season, clear- 
sk conditions at 40 degrees North latitude are as Ec~llows: 

x t l/2 

5.11 0.28 days 
6.97 0,095 days 
9.05 0.685 days 
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HEALTH WAtARO 

EYE 
Based on. anlmal studjes, ‘oxfendatole is not expected to Cause eye 
frrttation. 

SKTH . 
6ased on an-hat studies, oxfendarole is not expected to cause skin 

WI OF tU ~FQdlKe Ski!‘! S@nS~thZitb8l. 

‘SYSTEWIC 
Test animals tolerated well, a sfngle oral dose of oxfendarole of & g/kg 
body weight. 

_ - -Based on anIma1 studirrs, ovc~~xpasure to oxfendatole dust may lead to 
blood abnormalWes. These are maartfested by decreases In the numisers of 
red and/or wbfte blood cells OF shtfts fn the ratjos of the varjous types 
of whfts bloud cells. 

~~ro~~~ overexposure to oxfendazole may produce lfver damage, Thfs can be 
detected by an eievatfotl in the levels of certakliver enzymes tn the 
blood. ? : 

,c 

l[n arrimal studfes, very Mgh doses of oxfendatole produced te~ato~e~~c~t~ 
and embryotoxkfty. However, at doses of 10 mqfkq OF less, oxfendazole 
was not embryotoxk or teratogenic 1~ rats, mice, sheep or cattle, 
Studies carrfed out wZtk large numbers of rams Sndfcate that oxfendarole 
d3d not: f~~ct~o~ally ?mpair reproductfon or Fause any testkular changes. 

Qxfendatole fs not carcfnogenfc In rodents, 

PERHXSSIBLE EXPOSllRE LIMfT. 
0235 rn~ll~g~am~rn~ (Syntex internal ML, 8 h timelwe’ighted average) 

EYE CONTACT 
Flush eyes thuFou~~ly with water for at least 15 minutes. 

SW CONTACT 
Hash contacted area thoroughly with copious amounts of soap and wateF, ’ 

RemWe frOga source of exposure to fresh air. Cof?tact S~per~iSoF and 
physIcfan. 

Gfve moderate amounts of water, Contact SU$WViSOF and physk-ian. 
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YE ~R~~ECTI~N 
Hear safety glasses with side shtelds, chemical splash goggles or full face 
shfe-ld. The ehafce of eye prutection should be approprfats for the job 
actMty being conducted, . 

Xf airborne exposure levels of oxfendazole are above the PEC, Fesp’iratory 
pFote~tj~~ should be used. The following represent the rn~~~rnum recamnended 
FeSpiI’at0I-y pFOteCtion: for Tevels up to 3.5 m@& a properly fftted 

~~I~S~/~~~~~appFuved half-mask air-purffytng respfrator wfth dustlmist 
fflters; for levels up to If.5 mg/ms, a full facepfece atr-purSfying 
FesptFgtor with dust/mist fjlters; fuF exposures up to 350 mg/tn3, *hood 

*..-.- . .- :: type@- powered-air purf fying .respS raters* and for exposures above 
350 mg/fn3, atmosphere-supply-! ng resp1 tators. I . 

SKIN PROTECTION 
Wands, wrists, arms and other potentially exposed skSn surfaces should be 
completely protected. Skin protectIon may tnclude gloves ImpervC~s to any 
solvents betng used* lab coat, coveralls, Tyvek OT other tmpervio~s 
disposable clothing (e.g., coveralls and s’leeve covers), and boat'covers. 
‘The cho,ice of skfn protection should be appropriate for the job activity. 

Oust control ve~t~~at~o~ (e,g. local exhaust) should be uied where workplace 
levels cannot be ma3ntafneb below the PEt by fmproved handling techniques or 
by tsofatIng the dust emfssfon source. 

Employees working with oxfendarole should wash hands and face before a 
breaks. Showers are Fecomended at the completion of the work shift f 
workers in operatbms wfth dfrect exposure to bulk oxfendazole. Work 
~1Qthj~g~ includfng work shoes, s ould not be taken home, All protective 
equlpmeflt should be cleaned thoFWghly. 



-*~~-“~---~-*-------*-----------~-----o--------~--*--~-----~-~~-----~--~---~-~- . FIRE PROTECI'IQN 
~--------~*--~-----------~----------~-----------------------------~---~----~--- 

FLASH POINT 

SPECIAL FIRE F.KHTfNG PROCEDURES 
1 pmtectlve ~~~t~~~~ and N~QSH/MSHA approved posftfve pressure 

self-cantabed breathing apparatus. fhor~ughly wash all equJpment after use, . 

*LIIIIIIIIIIIIIIIILI---------------~----~--- &3.l..-~---------------~*-----~---- 

REACTIVITY 
--1--1~--~-1-------------~----------------~--------~---~---~~---------~------~- 
STAWJTY 

stable, 

rNCQMPAT~$~LrTY . 
Strong ox)dfrlng agents (e.g. peroxides, ~e~~~a~at@s~ nitrfc acfd, etc,) 
my pfobuce vfolent reaction. * 



PR~~A~~I~NS XF MATERIAL fS RFLEASEIJ QR SPl[ttED 
Ffrst cordon off area. Dlo not attempt to sweep up powdered materfals, use 
either wet cleanup methods wttb an approprfate solvent such as sliglrtly 
acfdfc OF basic aqueous soluttms of tndustfjal vacuum cleaners egulpped 
w4th hfgh efffekncy partlcalate filters. Use appropriate personal 
gwc&ecth equipment. 

HASTE 01SPOSAt METHOOS 
All waste reslduak should be contained and stored sepafately frum other 
facilfty dfschafges. Okpose of any m&dual wastes accafdhg to prescribed 
federal, state, and lmal guldelhes; e.g. approved chemkal wastes 
nchwratlon, secured chemkal landfill, or approved aqueous d'lscharge of 

_el - .- fictssewatefs resulting Prom sptll cleanups-to municipal of on-rite wastewater 
treatment systems. * 

I 

Not*,applfcabJe ! 

. . 
VAPOR PRESSURZ: 

SPEClFK GRAYflY: IWmnatfan nbt avaflable, 

N+l 

fnfomtkm not avaflable. 

N11 

Whfte-grey powder. Sl9g52t characteristic odor. 



8utk corrtafners of oxfendatole or oxfendatole-cmtafnfng form~latfonr should 
have affixed the following watnbg label (In addWun to the product Identity 
label): 

arnhg: 
dtsorders. 

Chson5c m!erexposur'e may cause repraductfve system and btaad 
Avafd IngestIon, Wialatton, sk!n contact, and eye contact. 
ended fur vetertnary ~nufa~turi~g use anly. Read and u~de~stand 

Safety Oata Sheet for addItiona Information before working wfth 
thfs product, 

Rff**R*********lX**R******************** 
Tlhe above InformWon fs hased on data avaIlable to use and Is relieved to be 
correct. However, NO ~RRANT~ 1s exptessed or to be fmpl4ed regarding the 
accvlracy of this information, the results to'be obtaIned from the uje thareaf, 
or the hazards connected wllth the use of materfa'l. Since the ~~fa~ti~~ 
contatned herein my be applied under cond9tbns beyond our control and with 
whfch we may be unfamiliar, we do not assume any responsibility for the 
results of tts use. fhls fnfomt%ort fs fumbhed upm the eo~d~t~o~ that the 
pemm recefvbg it sI?aIl make theb own d~te~~nat~~~s of the effects, 
properties and pmtectlons wMch pertajn fo thefrpart~cular condftions, 
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Microbial Growth Inhibition 

n a test conducted by Syntax Research, the activity of 
oxfendazobe against several genera of bacteria was tested using 
a serial-dilution technique. Organisms tested incfuded: 

Staahylococcus aureus 
Staphylocaccus aureus 
StrePtococcus PYoQenes 

Klebsiella meumoniae 
Proteus vulqaris 
Escherichia cofi 
Pseudomonas aer_uginosa 

ATCC 6538P 
ATCC 14254 
ATCC 8668 
ATCC I.003 l-2 
ATCC 9484 
ATCC 25922-l 
ATCC 10145 

Even at concentrations exceeding the solubility of oxfendazols, 
the compound did not affect the replication of these bacteria. 

‘In addition, I.00 ntcg quantities of oxfendazole we1:e applied to 
I.3 mm microbial discs, which were then placed on plates af solid 
media inoculated with the following organisms: 

Staphylococcus duKeus 
Streptococcus pyogenes 
Bscherichia cafi 
Pseudomonas aerucrinosa 
Candida albicans 
Trichophyton mentagrophytes 
MvcoPlasma spp. 

ATCC 6538P 
ATCC 8668 
“‘Smith” 
ATCC No. 10145 
Clinical isolate 
Tm 78 
MS 21 



Q zones of inhibition were observed on any af the culture 
fates, following incubation. 

second study was conducted at Syntex Research to determine the 
ffect of oxfendaqole against representative sail organisms. 

Qxfendazole was incorporated into nutrient agar, prior to pour- 
to yield final drug concentrations of 30, 10, 3, 1, and 

After drying, plates were inoculated with 
organisms according to Table 1. In addition to the organism, 
incubation conditions and media are also listed in Table 1. 

inhibition of growth was .observed. Therefore, one can can- 
cZude that oxfendazole has no effect en the soil or environ- 
mental organisms described even at concentrations equal to its 
maximum sofubility (~9 ppm). 



Table 1 

Length of 
Incubation Incubation 

ATCC ~~~be~ Temperature Growth Medi urn 

27895 25v bled-i urn 8G-11 2 13 Nastoc spec i es 

~rt~~~ba~t~~ terregens 13345 25.6 

Azotobacter chroococcum 9043 25.c 

Cyta&qa johnsmae 29589 25.c 

~se~d~rnQ~as facflus 17695 25*c 

Streptomyces salilaeus 14969 25.c 

3 Nutrient Agar 

jktrfent Agar 

Nutrient Agar 

M~trjent Agar 

~~trjent Agar 

6462 3o*c 
484 30.C 

29790 30.C 

Flutr~ent Agar 

~~tri@~t Agar 
Nutrient Agar 

Bacillus rn~~~ides 

Flawbacterium species 

27555 37v3 1 Reinforced 
Clostridial Agar 

Asperqillus bicolor 36104 30*c 1 modified 4 
Emmo~~ Agar 

PDA5 

Penicillium inflatum 

Trichoderma harz?arwm 

34564 

15635 

48995 

48134 

PDA 

PDA 

PDA 

POWII) Under C~~tjn~~~s Fluorescent Light 
2 ~edi~rn BG-11 for Blue-Green Algae (ATCC medium 616) 
3 Anaerobic Incubation 
4 ~~d~f~cat~u~ of Sabouraud's Dextrose Agar (1% Dextrose) 
5 Potato Dextrose Agar 
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Subacute Toxicity of Oxfendazole to Earthworms 

In this study, conducted in compliance with Protocol 4.12 of the 
A environmental Assessment Technicral Assistance ~andb~uk* 

axfendazale was evaluated for subacute toxicity to earthworms, 
Lumbricus terrestris. Earthworms were randomly assigned to 
replicated control and treatment groups (mean measured conc.en- 
tlrations of 0, 80, 146, 288, 544, and 97X mg oxfendazolefkg of 
soil) and observed for 28 days. Marta2,ity and signs of sub- 
lethal toxicity (lethargy, burrowing activity, and visible 
lesions) were recorded on days 7, 14, 21, and 28: weights were 
measured an days 0 and 28. Soif conditions were measured on 
days 0, 7, 14, 21, and 28. Concentrations of oxfendazole in 
soil were determined on days 0, 14, and 28. Soif moisture 
levels were approximately 30% during the test and soil pW was 
consistent throughout the study period, ranging from 6.1 to 
6-9, TWQ of 40 worms died in the control group and in the 
544 ppm group (5% mortality); 2.5% msrtafity was observed in 
the high-dose group (971 ppm). One individual in each of the 
ccBntro1, 80, 288, and 544 ppm groups exhibited a lesion. 
E’arthwerm burrowing time and incidence of abnormalities were 
not affected by oxfendazole treatment. AH but one replicate 
of earthworms (rep. D at 544 ppm) showed positive weight gains; 
ANITA indicated no significant difference amung the groups with 
respect to weight gain over the 28-day period. 

The results of the study indicate that oxfendazole is not 
expected to have an effect on earthworms at concentrations up to 
971 mg oxfendazole per kg soil (971 ppm). 





Acute Toxicity of Oxfendazole to paphnia manna 

ABC Labs conducted a weff-controlled study in which quadrupli- 
cate groups of five first-instar larvae of Daphnia maqna (~24 hr 
aid) were exposed to varying concentrations of oxfendazale of 
67% purity. Actual concentrations, measured by HPLC, averaged 
<0*x, 0.06~ 0.3.2, 0.23, 046, and 0.86 mg oxfendazole/L in 
samples taken on day 0 and day 2. 

Lethal and sublethal effects were monitored each day of the 
Z-day test, while temperature, dissolved oxygen concentrations, 
and pH of representative test solutions were monitored periodi- 
cally and did not appear to vary significantly. 

The 48-hour EC50 for oxfendazofe was calculated to be 
0.52 ppm, with a 95% confidence interval of 0.4 to 0.76 ppm. 
The slope of the dose-response line was determined to be 2.7. 
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Fresh-Water Fish Acute Toxicity (Bluegill Sunfish) 

lBluegil1 sunfish (Lepomis macrochhzs) were selected as 
species representative of warm-freshwater fish to determine the 
acute toxicity of oxfendazole for freshwater fish. The study 
was conducted by ABC Labs in Missouri. Bluegill sunfish, aver- 
aging 0.54 g live-weight and 28 mm in. length, were exposed to 
varying concentrations of oxfendazole, of 97% purity. Groups of 
ten fish were exposed to concentrations ranging from ~0.2 to 2.7 
wm. Observations for mortality and signs of sublethal effects 
Mm such as loss of equilibrium, quiescence, surfacing, discolor- 
ation, and remaining on the bottom of the test vessels -- were 
made daily during the test period of four days. Water tempera- 
ture, dissolved oxygen concentrations and pH of representative 
test solutions were monitored periodically and did not vary 
signif icantfy. No mortality or sublethal abnormal effects were 
observed at any time or at any concentration tested. 

The W&-hour T.XCZQ fur oxfendazole for bluegill sunfish was 
62.7 mg/L @pm), the highest concentration tested. 
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Freshwater Acute Toxicity (Rainbow Trout) 

ainbow trout (Salmo gairdneri) were selected as a representa- 
ive species of cold-freshwater fish in the determination of the 

acute toxicity of oxfendazole to freshwater ish. ABC Labs 
exposed groups of ten trout, averaging 0.4 g and 3L, mm, to 
concentrations of oxfendazofe, 97% pure, varying from ~0~2 to 
2*5 mgfL (ppm). Observations were made daily over the four-day 
test period for mortality and for signs of sublethal abnormali- 
ties: loss of equilibrium, quiescence, surfacing, dark dis- 
coloration, and remaining on bottom of the test vessel. Water 
temperature, dissolved oxygen concentration, and pH of represen- 
tative solutions were monitored periodically, and did not vary 
significantfy among samples. 

No mortality or abnormalities were noted at any of the test 
concentrations = 4.2, 0.57, 0.95, 1,7, 2.1, and 2.5 mg/L @pm). 
Therefore, the 96 hour LC50 for oxfendazole is ~62.5 ppm, the 
highest concentration tested. 
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Phase I for Determining the Toxicity of Oxfendazole 
on Seed Germination and Root Elongation of Wheat 

(Triticum aestivum), Perennial Ryegrass (uium perenne), 
Cucumber fflucumis sativus), Soybean (Glycine max), 

Lettuce (Lactuca sativa) 

A preliminary study was conducted by ABC Labs to determine the 
toxicity of oxfendazole for six angiosperms of agronomic impor- 
tance c listed above in the title. Six replicates, each of 50 
seeds # of each of the test species were exposed either to de- 
ionized water (control) or to oxfendazole suspended in deionized 
water at a concentration of 1000 ppm during germination, Germi- 
nation, defined as radicle length of 23 mm, and radicle elonga- . 
tion were determined at intervals* Percent germination and 
radic’ie growth data were analyzed and group means were compared 
using a paired T-test at 0.05% alpha level. Statistically 
signif ieant differences occurred between the treatment and 
controls for germination of perennial ryegrass and for radicle 
length of wheat. 

Because uf these findings, a definitive study was canducted 
using wheat and perennial ryegrass. The results are reported 
in another appendix. 
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Bioassay for Determining the Toxicity f Oxfendazole 
olh the Seed Germination and Root Elongation of Wheat 

(Triticum aestivumfand Perennial Rysgrass (Lolium aerenno) 

his study was conducted by ABC Labs to evaluate the potential 
toxicity of oxfendazole at a series of concentrations up to 
1OOQ ppm on the germination rate and radicle growth of wheat and 
perennial ryegrass e In a preliminary test with six different 
angiosperms of agronomic importance, wlreat had demonstrated a 
difference in radfcle length and the data indicated a decrease 
in seed germination for ryegrass. Therefore, this definitive 
study was carried out to better define these effects. 

The design of the study was in agreement wfth TAD 4.06 in FDA’s 
~~v~ronrne~ta~ Assessment Technical Handbook, Ryegrass seeds 
were exposed to oxfendazole of 98.7% purity in suspensions of 
1000, 9L0, 8.3, 0.75 and 0.07 Ppm: wheat seeds were exposed to 
100Q, 100, 10.0, 1.0, and 0.X ppm. Each treatment and control 
group consisted of six replicates of 50 seeds- each. Fallowing 
pre-treatment preparation consisting of rinsing, chlorine soak- 
ing, further rinsing, and then soaking in deionized water, seeds 
were placed in germination dishes on two layers of filter paper: 
to which the appropriate test suspension (25 ml) had been added, 
Dishes were then placed in a dark incubator in a randomized com- 
plete block design, 

Data collected included percent germination and radicle length 
in addition to recording any visible abnormalities such as dis- 
coloration, Lesions, or fungal growth. Germination was defined 
as emergence of a radicle at least 3 mm in length from the seed 
cvat. When average radicle ‘length in the control, group was 
greater than 20 mm, testing was concluded and photographs were 
taken of each test dish. 

Analysis of variance (ANOVA) for percent germination of wheat 
and fur wheat radicle length showed no significant difference 
among treatments (p ~0.05). ANOVA for ryegrass germination data 
also found no statistically significant differences among treat- 
ments (p <0.05). ANOVA of the data for ryegrass radicle Lengths 
indicated that a significant difference existed among treat- 
merits. Applying Tuckey’s HSD critical range ta the treatment 
means showed a significant difference between treatment at 
Q,75 ppm (greater growth) and at 8*3 ppm (Lesser growth). These 
results are not consistent &Kz the results of the preliminary 
study and are not dose-related. Some visible abnormalities were 
observed in bath wheat and ryegrass, but incidence was low arid 
did not appear to be treatment-related. 



Based corn the results of the preliminary and definitive studies, 
e would not expect significant adverse effects on seed 

germination or root elongation in the proposed agriculturaP 
ssttfng. 
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Seedling Growth Studies 

The goteniial effects of oxfehdazole on seedling growth was 
determined in a study conducted by Springborn Life Sciences 
A total of six species of angiosperms was selected for study, 
including three monocot species and three dicot species. The 
three monocots were wheat {Triticum aestivum), corn (Zea mays) 
and ryegrass (Lolium nerenne), and the three dicots were 
cucumber (Cucumis sativus) , pinto bean (Phasealus vulgaris), and 
soybean (Gfvcine max). 

Seeds nut previously treated wfth fungicides or insecticides 
were selected and germinated in moistened.papertoweIs in the 
dark. The towels were kept moist during the germination period. 

After germination, the seedlings were transplanted into S-inch 
diameter polypropylene pots, five seedlings er pot or repli- 
cate. Three replicates per treatment (15 plants) were used in a 
preliminary study while five replicates (25 plants;) were used in 
the definitive study. 

Washed silica sand, 20-40 mesh, was used as the suppozt medium; 
axfendazufe was added in varying concentrations to the support 
medium as a solution in formic acid diluted n methanol. 

Pots were placed in environmental chambers, sing a 16-hour 
Light:8-hour dark cycle, A nutrient solution was provided by 
subirrigation on alternate days throughout the 21-day test. 
Seedling shoot length was measured periodica ly until termi- 
nation, At 21 days, roots and shouts of eat plant were 
separated and oven-dried prior to weighing. 

Results obtained during the preliminary phase were used to 
select an appropriate range of treatment concentrations for the 
definitive test. 



o-observed-effect concentrations (N.QIE.C.) and lowest- 
observed-effect concentrations (L.O.E.C.)were calculated and can 
be summarized as follows: 

SPecies NQEC (mqalkq) 

Cucumber 7.56 _ 
Pinto 3ean 0.912 
Ryegrass 7.56 
Wheat 102 
corn lO? 
Soy Bean lo* 

M.R* - Not determined due to 

LQEC (ma/kqF) 

LO.0 
1.82 

lo,0 
N.D, 
NeR. 

48.5** 

conf 1icting results f ram 
reliminary and definitive tests. 

* Determined in the preliminary study. 
** Determined from results Ln the definitive study. 
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Soybean Seedling Growth Study 

Since a No-Qbserved-Effect-Concentration was not esthblished in 
the definitive study described previously (Appendix y-8), a 
repeat study was conducted an soybeans only. Materials and 
methods were essentially identical to those utilized in the 
six-species definitive seedling-growth study. In the second 
tc;st, only soybeans were evaluated and six target concentrations 
were tested: 4.0, 8,0, f6.0, 32.0, 64.0, and X2.8.0 mg 
oxfendazolelkg support medium. 

Data on seedling survival were analyzed by FishePs Exact Test 
while growth parameters were analyzed by DunnettQ one-sided 
test, Data from the test groups were compared to those from the 
solvent-control group and no effects were observed at any of the 
csneentrations tested on any of the measurements (p ~0.05). 
Actual concentrations tested, determined by analysis, were 3*6, 
6,6, 7.6, 26, 40, and 110 mg oxfendazole per kg of support 
medium. 

the N.O. .CI of oxfendazole on soybean seedling growth was 
determined to be equal to or greater than Xl.0 mg/kg. 




