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ENVIRONMENTAL ASSESSMENT
Doramectin 1% injectable solution for the treatment
of parasitic infections in cattle
1. DATE: March 3, 1996

2. APPLICANT: Pfizerinc
(Sponsor #000069)

3. ADDRESS: 235 East 42nd Street
New York, N.Y. 10017

4. DESCRIBE THE PROPOSED ACTION:

a) Requested Approval and Need for the Action

Pfizer Inc is filing a New Animal Drug Application requesting approval for the use
of doramectin 1% injectable solution in beef and non-lactating dairy cattle for the
treatment and control of a variety of internal and external parasitic infections.
Parasitism continues to be a primary cause of production losses in all cattle
producing regions of the United States and doramectin 1% injectable will fulfill an
unmet need for treatment and control of parasitic diseases caused by various
infectious agents.

Doramectin 1% injectable solution would be given to cattle by intramuscular or
subcutaneous injection at the recommended dose level of 200 mg doramectin per
kilogram of body weight. Each mL of doramectin 1% injectable solution contains
10 mg doramectin, sufficient to treat 110 Ib (50 kg) of body weight. Medication
would not be given within 35 days of slaughter. Doramectin 1% injectable
solution will be used wherever cattle are raised in the U.S., but particularly in
Texas, Nebraska, Kansas, Oklahoma, Missouri, South Dakota, Montana,
Kentucky, Tennessee and Florida.

b) Locations Where Bulk Drug or Injectable Solution Will be Produced and
Types of Environments Adjacent to These Locations.

The bulk drug will be produced at Pfizer's existing manufacturing plant in Nagoya,
Japan. The injectable product, a 1% oil solution, will be manufactured at Pfizer's
Lee's Summit, Missouri plant.

1)  Type of Environment at Nagoya, Japan

LOCATION - The Nagoya, Japan plant is located in an industrial area in the
town of Taketoyo in Chita-Gun, Aichi Prefecture, approximately 40 km south
of Nagoya, Japan. The plant is constructed on land reclaimed from Kinuura
Bay and is bordered by the Bay on the North, East and South. To the West,
the plant is bordered by plants operated by the Tokai Carbon Company and
the Lubrizol Company for the production of carbon black and iubricating oils
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respectively. The nearest dwellings are located approximately 0.6 km west
of the plant. The town of Taketoyo population was 37,600 according to a
1991 census. Coordinates of the plant are latitude 34°51'N and longitude
136°56'W. ‘

WEATHER/AIR RESOURCES - The annual precipitation at the Taketoyo
town office (approximately 1.5 kilometers west of the plant) is 100 cm to 150
cm. Mean temperatures in summer and winter are about 26°C and 6°C
respectively. Degree of air pollution by NOx, SOx or dust is not significant;
mean values for 1991 of 0.014 ppm, 0.007 ppm and 0.042 ppm were
measured at Taketoyo town which are well below the permit limits set by the
national air pollution control law. In the Taketoyo area, no additional
restrictions to those of the national law are imposed on the air emissions
from the plant facilities. The yearly mean wind velocity is 2.5 m/sec with
prevailing winds from the southeast direction in summer and from the
northwest direction in winter.

WATER RESOURCES - There is no surface freshwater within 500 m of the
plant boundary. The nearest surface freshwater is the Hori River, a small
river flowing into Kinuura Bay from the west and the east, the mouth of
which is 700 m southwest of the plant. Approximately 80 percent of the
plant's water supply is obtained from municipalities (ca. 2,700 m*/day of
industrial water supplied from the prefecture-owned Yahagi Dam which is 30
kilometers northeast of the plant and about 700 m*/day of potable water
from Taketoyo Town); the remainder (ca. 500 m*/day) is obtained from four
on-site wells. Wastewaters from the plant, e.g. fermentation broth filtrates,
are pumped to storage tanks at the biological oxidation treatment plant.
Wastewaters are blended with more dilute wastes such as floor washings
and sanitary sewers at a controlled rate to provide relatively uniform loading
to the treatment plant. The effluent from the treatment plant is discharged
into Kinuura Bay through the outfall 60 m off the sea wall in compliance with
applicable regulations and guidelines. Plant's rain water is collected
separately through underground ditches and discharged directly to Kinuura
Bay.

LAND RESOURCES - The composition of the reclaimed land that
accommodates the Nagoya plant has been determined by means of test
borings. The layer from the ground surface to 3 meters in depth is reclaimed
soil consisting of yellow-brown sand and gravel with small amounts of silty
clay and concrete fragments. The layer from 3 to 17 meters is alluvial
marine silt clay with a large amount of shells. The layer from 17 to 30
meters to yellow-brown sand containing a small amount of gravel and serves
as the bearing stratum for pile foundations of the plant. The plant site has
an elevation of 0.5 m and is surrounded by sea walls to the north, east and
south, and to the west is bordered by plants operated by the Tokai Carbon
Company and Lubrizol Japan which are also located on the same reclaimed
land.
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2) Type of Environment at Lee's Summit, MO

LOCATION - The Lee's Summit facility is located on a 103.3 acre site in
Lee's Summit, Jackson County, Missouri. The city of Lee's Summit is
located approximately 25 miles southeast of Kansas City, MO. Lee's
Summit's 1990 population was listed as 47,500 by the U.S. Census Bureau.
Local economic indicators in December 1991 indicates that the population is
increasing annually by 2,200. The facility is situated on the northern 25
acres of the 103.3 acre site. The remaining property is undeveloped. The
site is flanked on its west boundary by State Highway 291. The east
boundary is flanked by the west line of the Missouri Pacific Railroad right-of-
way. The immediately surrounding areas are zoned for light industrial use.
Coordinates of the facility's location are latitude N 38° 53 min 30 sec and
longitude W 94°, 22 min and 22 sec. The county coordinates are Section
17, Township 47 North and Range 31.

WEATHER/AIR RESOURCES - Meteorological data for the area are
collected at the Kansas City International Airport (approximately 40 miles
from the facility). The mean average annual precipitation is 36 inches.
During December-February the average high temperature is approximately
38°F, and the average low is approximately 21°F. During June-August, the
average high temperature is approximately 86°F, and the average low is
approximately 66°F. Prevailing winds in the area are from the south.

The Kansas City five county metropolitan area meets the USEPA federal
clean air standard for ground level ozone. The Lee's Summit facility is
regulated for air emissions under the Missouri Air Pollution Control Program
that is under the authority of the Division of Environmental Quality, Missouri
Department of Natural Resources. Particulate emissions are regulated
under the Missouri Air Pollution Control Regulation 10 CSR 10-2. The state
program incorporates into its regulations: New Source Performance
Standard (NSPS), National Emission Standard for Hazardous Air Pollutants
(NESHAPS), and National Ambient Air Quality Standards.

Lee's Summit, Missouri is in USEPA Region VII.

WATER RESOURCES - All water used for consumption, process,
sanitation, firefighting, and groundskeeping is purchased through the Lee's
Summit Water Department. The Lee's Summit Water Department sources
30% of their water from the Kansas City Water District and 70% from the
Independence Water District. These districts derive their water both directly
from the Missouri River and from deep aquifers located near the Missouri
River. The water quality meets the standards for potable water.

There are no sources of potable or public access waters on or near the
facility property. The nearest surface water body is a small pond located on
the site about 1000 feet south of the facility. The facility is located on top of
a watershed that is the approximate intersection of three drainage basins.
Ephermeral streams (flowing only during wet periods) are located to the
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west, northwest, and south of the property. These streams when filled with
water feed into the Cedar Creek basin, East Fork Little Blue River basin, and
the Big Creek basin, respectively. The dominant drainage area on the
property is that associated with the Big Creek basin. The nearest 100 year
flood plain is that associated with Cedar Creek basin and is approximately
1/2 mile from the facility.

The conveyance system for stormwater is separate from that for the process
and sanitary sewer system. The wastewater from the process and sanitary
sewer system flow to the Little Blue Valley Sewer District (LBVSD)
wastewater treatment plant. The discharge of process waste water into the
Lee's Summit municipal sewer must meet the conditions and terms set forth
in the Industrial User Discharge Permit, #3LB-0496-LS205, issued to the
facility by the LBVSD. The LBVSD operates under the direction of the
Environmental Protection Agency. All the above are under the Clean Water
Act's General Pretreatment Standards 40CFR Parts 403 and Missouri Clean
Water Regulations 10CSR 20-6.

Water from the storm water conveyance system is discharged to the
drainage basins that are mentioned above. Stormwater collected in the
Cedar Creek and East Fork Little Blue basins are discharged to the Little
Blue River, a tributary of the Missouri River. Storm water collected in the Big
Creek basin is discharged to the South Grand River, a tributary of the Osage
River. Discharge of the stormwater is subject to Missouri Clean Water
Regulations 10CSR 20-6.200.

LAND RESOURCES - Jackson County, Missouri lies in the Osage Plains
and is underlain by a sequence of sedimentary rock of the Paleozoic
Pennsylvanian (Missourian series) age totaling more than 2,200 ft in
thickness. Borings taken at the Pfizer Lee's Summit site have variously
encountered shales, limestones or sandstones immediately below the soil.
In borings taken down to a depth of 27-28 ft, a very hard, light gray
crystalline limestone has been encountered. Soils on the upland areas of
the property have been assigned to the Macksburg silt loam. Soils formed
along the slightly concave slopes adjacent to the Macksburg uplands have
been assigned to the Sampsel silty clay loam. The recorded thickness of
the soil cover from borings ranges from 12 to 25 ft. The upper few feet of
the soil cover is typically dark gray to brown silty clay with some organics.
The remaining soil layer under this is variably dark gray to brown highly-
plastic silty clay. The property is situated on the southwest flank of an
anticline that constitutes the upper reaches of three drainage basins. The
elevation of the facility is 1053 ft above mean sea level. The elevation of
the ground drops southward across the property. Topographical relief on
the uplands of the property where the facility is located is relatively low.
Total relief across the property within any of the drainage basins is less than
65 ft. The Missouri-Pacific railroad right-of-way and construction along State

" Highway 291 have created artificial water divides along the west and east
property lines.
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5. IDENTIFICATION OF CHEMICAL SUBSTANCES THAT ARE THE SUBJECT OF
THE PROPOSED ACTION:

A. Doramectin

Doramectin is an antiparasitic macrolide produced by Streptomyces avermitilis. It
belongs to a class of fermentation derived metabolites known as avermectins.

Generic Name: Doramectin
Trade Name: DECTOMAX
Chemical Name: 25-cyclohexyl-5-O-demethyl-25-de(1-methylpropyl)

avermectin Ala or (2aE, 4E, 8E)-(5'S, 6S, 6'R, 7S, 11R,
135, 155, 17aR, 20R, 20aR, 20bS)-6'-cyclohexyl-
5',6.6',7,10,11,14,15,17a,20,20a,20b-dodecahydro-
20.20b-dihydroxy-5',6,8,19-tetramethyl-17-
oxospiro[11,15-methano-2H, 13H, 17H-furo-[4,3,2-
[pq][2.6]benzodioxacyclooctadecin-13,2'-[2H]pyran]-7-yl
2.6-dideoxy-4-O-(2,6-dideoxy-3-O-methyl-a-L-arabino-
hexopyranosyl)-3-O-methyl-a-L-arabino-hexopyranoside

CAS Registry Number: 117704-25-3
Pfizer Code Number: UK-67,994
Molecular Formula: CsoH74014
Molecular Weight:  899.13

Structural Formula:

OCH,
m\ t 4
L r
v r O
He” 07
HyC
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B.

Other Injectable Solution Ingredients:

In addition to doramectin, DECTOMAX 1% injectable solution contains 75%
sesame oil, 25% ethyl oleate and 0.25% phenol.

6. INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT:

A.

From the Sites where Bulk Drug is Produced:

The manufacture of doramectin will be carried out in purpose built
fermentation and recovery facilities designed with doramectin containment in
mind and to be in compliance with all applicable emissions requirements.
The plant is located in Nagoya, Japan and will operate in accordance with
local environmental regulations.

Production/Processing Overview

Doramectin is fermented in a media consisting of carbohydrates, organic
nitrogen sources, fats, fatty acids, oils, mineral salts, miscellaneous

inorganic and organic compounds and antifoams in tanks provided with a
suitable means of agitation, aeration, temperature control and pH control.

The whole broth is concentrated using conventional filtration, centrifugation
or ceramic membrane filtration, then doramectin is extracted from the
mycelia concentrate using a suitable solvent at optimal pH. Doramectin
dissolved in the solvent may be concentrated by evaporation of a portion of
the solvent prior to precipitation through the addition of water, organic salts,
and/or inorganic salts. Doramectin precipitate is isolated, redissolved in an
appropriate solvent, treated with an adsorbent to remove color prior to
crystallization through the addition of water, cooling and/or the addition of
inorganic salts. Doramectin crystals may be recrystallized prior to isolation,
drying and milling, if necessary.

Manufacturing and Occupational Safety

a. Material Safety Data Sheets

The manufacturing site will make available to employees the appropriate
detailed Material Safety Data Sheets (MSDS) essentially similar to OSHA
Form 20. The MSDS for doramectin and injectable doramectin 10 mg/mi
will contain the information shown in the attached examples (Appendix a-
1), though the format and local language will vary from one site to
another.

b. Hazard Evaluation Studies

Results of acute dermal and ocular irritation studies conducted with
albino rabbits indicate that doramectin is neither a primary skin irritant or
an ocular irritant:
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Of three intact and three abraded rabbit skin sites evaluated, only
very slight, non-confluent erythema was apparent at one intact and
two abraded sites following a 48 hour exposure to 0.5 g doramectin.
No edema was observed and all six sites appeared normal by 72
hours post dose (Appendix c-24).

Instillation of 18.8 mg doramectin to the conjunctival sac caused
slight reddening of the conjuntivae, chemosis in two of three rabbits
evaluated and iritis in one of three animals. By 48 hours post dose, .
each treated eye appeared normal (Appendix ¢c-24).

c. Occupational Safety

Steps have been taken to minimize occupational and user exposure to
doramectin at Pfizer bulk drug and injectable solution manufacturing
sites. The facility at Nagoya, Japan, where doramectin bulk is produced,
is equipped with appropriate physical isolation and air handling facilities
to minimize worker exposure. Many of the production operations are
automated. Worker exposure to doramectin will be monitored by at least
semi-annual monitoring of dust levels where doramectin powder is
handled. Exposure to solvents will be monitored in compliance with
Industrial Safety and Health Law, Article 65. The health of employees
will be monitored in accordance with the Industrial Safety and Health
Law, Article 66. Pfizer workers at all sites will wear appropriate
protective equipment including gowns, gloves and protective masks as
circumstances require.

3. Emissions

The substances which could be emitted and/or discharged from Nagoya,
Japan are listed along with the respective exposure limits (when available):
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Substance Used

Acetone

Alpha amylase, Rhozyme
Aluminum oxide
Ammonium sulfate

Ammonium phosphate mb.

Ammonium phosphate db.
Ammonium carbonate
Ammonium hydroxide
Ammonium nitrate soln.
Amylase, termamyl
Amylglucosidase 200
Antifoam Pluronic L-61
Antifoam BI0-1110
Antifoam, silicone
Antifoam Breox FMT-30
Autolyzed yeast extract
Bakers yeast

Betaine hydrochloride
Biotin

Brewers yeast

Calcium chloride
Calcium carbonate
Calcium nitrate
Calcium hydroxide
Calcium oxide

Calcium pantothenate
Canola meal

Carbon, activated
Casein

Chloine chloride
Choice white grease
Cobaltous chloride hex.
Corn flour

Corn syrup

Corn starch

Cornstep liquor
Cottonseed meal
Cottonseed meal
Cottonseed oil

Cychohexanecarboxylic acid

Dextrin Hidex 50
Dextrose
Doramectin

Chemical Abstracts

Registry No.

67-64-1
N/A
1344-28-1
7783-20-2
7722-76-1
7783-28-0
1111-78-0
1336-21-6
6484-52-2
N/A
N/A
9003-11-6
/A
N/A
N/A
8013-01-2
N/A
590-46-5
58-85-5
N/A
10043-52-4
1317-65-3
10124-37-5
1305-62-0
1305-78-8
N/A
N/A
7440-44-0
9000-71-9

N/A
7791-13-1
N/A
8029-43-4
9005-25-8
66071-94-1
68424-10-2
68424-10-2
8001-29-4
98-89-5
9004-53-9
50-99-7
N/A
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Chemical Abstracts

Substance Used Registry No.
Ethanol 64-17-5
Ehtyl acetate 141-78-6
Ferrous sulfate hept. 7782-63-0
Filteraid N/A
Folic acid 75708-92-8
Fungamyl 1600 N/A
Glucose 50-99-7
Glutamic acid 56-86-0
Heptane 142-82-5
Hexane 110-54-3
Hydrochloric acid 7647-01-0
Hydrolyzed soy protein N/A
Hydrolyzed casein 9000-71-9
Isobutyric acid 79-31-2
Isopropyl alcohol 67-63-0
Isovaleric acid 503-74-2
L-isoleucine 73-32-5
L-leucine 61-90-5
L-lysine hydrochloride 657-27-2
L-methinonine 63-68-3
L-tryosine N/A
L-valine 72-18-4
Lactic yeast N/A
Magnesium sulfate 7487-88-9
Magnesium sulfate hept. 10034-99-8
Maltose 6363-53-7
Manganese chloride 7773-01-5
Methanol 67-56-1
Methyl Buteric Acid
Methylene chloride 75-09-2
Monosodium glutamate 142-47-2
Niacin 59-67-6
NZ amine B N/A
NZ amine A N/A
NZ amine B N/A
NZ amine A N/A

~ NZ amine BT N/A
NZ Amine YTT N/A
NZ amine YT N/A
Pentane 109-66-0
Peptonized milk N/A
Pharmamedica N/A
Polypropylene glycol 25322-69-4
Polystyrene resin 9003-53-6
Potassium chloride 7447-40-7
GAPROJPC\UKE7994\INJC\OSENVIRINADAEA. DOC 13
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1,000,000
400,000
NL
N/A
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500,000
500,000
5000°
NL
NL
NL
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NL
N/A
200,000
NL
500,000
NL
NL
NL

1,000,000
NL
NL
NL
NL
NL

pg/m’

1,900,000
1,400,000
NL

2,000,000
1,800,000
7000°
NL
NL
NL
980,000

NL

C = 5000 (As Mn)

260,000
NL
1,738,000
NL

2,950,000
NL
NL
NL
NL
NL
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Substance Used

Potassium hydroxide
Potassium phosphate

Potassium phosphate DB

Potato starch
Rapeseed oil

Rice bran oil

Sesame oil

Silicone dioxide
Sodium chloride
Sodium hydroxide
Sodium lauryl sulfate
Sodium bicarbonate
Sodium phosphate DB
Sodium sulfate
Sodium citrate
Sodium proprionate
Sodium succinate
Sodium phosphate MB
Sodium chloride
Sodium nitrate

Sodium phosphate DB, anhy.

Sodium sulfate
Sodium acetate
Sodium hydroxide
Sodium glutamate
Solka floc

Soy flower
Soybean meal
Soybean flour
Soybean oil
starch syrup
Starch

Sucrose

Sulfuric acid
Thiamin hydrochloride
Thiamine mononitrate
Torula yeast

Urea

Wheat starch
Wheat germ
Whey

Whey permeate
Zinc sulfate hept.

Chemical Abstracts
Reaqistry No.

1310-58-3
7778-53-2
16788-57-1
N/A
N/A
N/A
8008-74-0
60676-86-0
7647-14-5
1310-73-2

151-21-3 AND 51222-39-0

144-55-8
7558-79-4
7757-82-6

18996-35-5

137-40-6

150-90-3
7558-80-7
7647-14-5
7631-99-4
7558-79-4
7757-82-6

127-09-3
1310-73-2

142-47-2
9004-34-6

N/A
N/A
N/A
8001-22-7
N/A
9005-25-8
50-20-4
7664-93-9
67-03-8
532-43-4
N/A
57-13-6
N/A
N/A
50887-69-9
N/A
446-20-0

TWA?®

ppm /m°
N/A 2000°
NL NL
NL NL
NL 15,000
NL NL
NL NL
NL NL
NL NL
NL NL
N/A 2000
NL NL
NL NL
NL NL
NL NL
NL NL
NL NL
NL NL
NL NL
NL NL
NL NL
NL NL
NL NL
NL NL
N/A 2000
NL NL
NL 15,000
NL NL
NL NL
NL NL
NL NL
NL NL
N/A 15,000 (Total)
NL NL
N/A 1000
NL NL
NL NL
NL NL
NL NL
NL NL
NL NL
NL NL
NL NL
NL NL

(a) Allowable 8 hour time weighted average exposure according to OSHA Air Contaminants
29 CFR 1910.1000 or limits set by ACGIH.

{b) Ceiling limit
N/A = Not Available
NL = No Limit
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4. Nagoya, Japan Site

The Nagoya plant site is located on Kinuura Bay in Taketoyo Town, Japan.
This multi-product pharmaceutical manufacturing facility maintains an ‘
environmental control program for proper management of liquid and solid
wastes and airborne emissions. Treatment and disposal operations include
liquid mixing and pretreatment, solid and liquid waste incineration, ventilation
and dust collection, vapor condensation and scrubbing.

Solid Wastes

The following are generated during fermentation, concentration and isolation
of doramectin.

1. Mycelial solids from the extracted doramectin fermentation broth in a
slurry with water, solvents such as methanol and isopropanol, and small
amounts of avermectins.

2. Filter aid and carbon cake from the refining process containing water,
.solvents such as methanol, isopropanol and unrecovered by-products
including small amounts of avermectins.

3. Paper and trash generated during the production operations. These solid
wastes will be handled in compliance with national requirements of the
Environmental Protection Agency Regulations, Article 12 of the Industrial
Waste Disposal Control Law and with the Taketoyo Town Environmental
Protection Regulations, Articles 20-30.

in order to meet these requirements, all solid wastes will be incinerated
under the agreement and Permit of Taketoyo Town. The ash generated
from incineration will be landfilled in compliance of an agreement with the
Department of Environmental Protection of Aichi Prefecture.

Liquid Wastes

The manufacturing process generates both aqueous and solvent-based
streams.

The solvent-based stream is generated in the recovery of solvents used in
the product recovery and purification process, such as methanol,
isopropanol and hexane. This stream will be destroyed by incineration as
certified by the Prefectural Government in compliance with the
Environmental Protection Regulations, Article 19.

The aqueous stream consists of the spent fermentation broth filtrate and
wash water and contains unconsumed fermentation nutrients, unrecovered
by-products and traces of avermectins. This stream will be treated in a
chemical pre-treatment unit designed to destroy residual avermectins. The
treated stream will receive final biological treatment in a six-stage waste
treatment plant.
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The effluent from this facility is discharged into Kinuura Bay in compliance
with limitations imposed by the Environmental Protection Agreement, with
Taketoyo Town, Articles 16-20 and by the National Water Pollution
Prevention Law, Article 3.

Air Emissions

Vented air from the fermentation stage will be introduced to a mechanical
mist separator to remove possible broth aerosols, prior to venting to the
atmosphere. The separated aerosol will be chemically pre-treated and
disposed of via the site biological treatment system.

Vent gases from the product recovery process will contain volatile organic
compounds such as methanol, isopropanol and hexane and will be
controlled as appropriate by condensers. In the product drying area, the air
is dust filtered by HEPA filtration to contain any potential product dust. All of
these air emissions will be in compliance with the Air Poliution Prevention
Law, Article 3; Prefectural Environmental Regulations, Article 19 and the
Agreement with Taketoyo Town, Article 16.

The attached statement (Appendix a-2) certifies compliance with all Federal,
Prefectural and local emission requirements.

B. From the Site where Injectable Solution will be Produced:

Lee's Summit, Missouri

Doramectin will be compounded/mixed into an injectable solution and
packaged for sale at Pfizer Inc's plant for the manufacture of animal health
products. The plant is located at One Pfizer Way, Lee's Summit, Missouri
and is designed to maintain compliance with all Federal, State and local
emission requirements.

The injectable solution manufacturing operation will involve only the
compounding/mixing and packaging of doramectin with other ingredients in
equipment constructed of non-reactive product contact parts. The
ingredients of the injectable solution will be added to a mixing tank in
prescribed order and mixed. After the necessary Quality Assurance tests
are complete, the injectable solution will be sterile filtered and transferred to
bottles via a filling machine. The production of injectable solution will not
generate hazardous wastes as defined by the Federal Regulations 40 CFR
261 or by the Missouri Hazardous Waste Management Law 10 CSR 25-
4.261.

Solid Wastes
Dry solid waste (such as paper, plastic, glass) generated during the
manufacture that are contaminated with doramectin bulk, doramectin

injectable, or the excipients will be destroyed by incineration. This waste
specifically may include empty fiber and plastic drums, polyethylene drum
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liners, empty glass bottles, closures and disposable protective apparel. The
incineration process is covered under Federal Regulations 40 CFR 264 or by
Missouri Solid Waste Rules 10 CSR 25-7.264.

Liguid Wastes

The manufacturing process generates two liquid waste streams. One
stream is oil based, and one is aqueous based. The oil based stream
consists of residual doramectin injectable that is drained from the equipment
and transfer lines prior to the cleaning procedure. The aqueous stream is
generated by equipment and transfer line washings. It consists of water,
cleaning agent, and trace amounts of doramectin injectable. The waste
streams will be collected and destroyed by incineration as a non-hazardous
special waste. The incineration process is covered under Federal
Regulations 40 CFR 264 or by Missouri Solid Waste Rules 10 CSR 25-
7.264.

Air Emissions

None of the components of manufacture are volatile. Emission of
particulate matter during the transfer of the doramectin butk powder to the
compounding vessel is controlled by local ventilation. Air emissions would
be subject to the Clean Air Act and the Clean Air Act Amendments codified
in 40 CFR Parts 50, 52 and 60, and the Missouri Air Pollution Control
Regulation 10 CSR 10-2, the Missouri Department of Natural Resources Air
Pollution Program, Division of Environmental Quality. The attached
statement (Appendix a-3) certifies compliance with all Federal, State and
local emissions requirements.

The 1% injectable product (DECTOMAX) will be manufactured in a new,
semi-automated plant located in Lee's Summit, Missouri, which has been
specifically designed to minimize worker exposure. Exposure to doramectin
will be minimized by means of personnel protective equipment, and by the
design of the air handling systems.

During routine manufacturing operations, occupational exposure to
doramectin bulk powder will be very short in duration (e.g., approximately 30
minutes or less per production lot of doramectin injection) and well below the
8-hr work exposure limit set by Pfizer.

C. Introduction of Substances as a Result of Use:

1. Doramectin Administration to Cattle

Doramectin will be administered to both pastured and feedlot cattle. Since
the latter represent a denser population, they will be used to estimate upper
limits for the amount and concentration of doramectin introduced into the
environment. The average amount of drug administered to a single animal
can be estimated as follows. Feedlot cattle will most commonly be treated
shortly after arrival at the feed lot. Assuming the average body weight of
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270 kg upon arrival (Environmental Protection Agency, 1974) and a dose
level of 0.20 mg/kg, a typically treated animal will receive 54 mg of
doramectin.

270 kg x 0.20 mg/kg = 54 mg

2. Metabolism and Excretion of Doramectin by Cattie

Doramectin would be introduced into the environment intermittently and in
low concentrations through the feces and urine of medicated cattle following
administration of the drug parenterally as a single dose at 200 pg/kg body
weight. Over a 14 day period following subcutaneous administration of
tritiated doramectin at 200 pg/kg to male and female cattle averaging 203 kg
in weight, assay of feces and urine accounted for 87% and 1%, respectively,
of the dose (Appendix c-1). In feces, 49% of the total dose was recovered
as unchanged drug. The maximum mean concentration of unchanged drug
in feces was observed 3 days after treatment (319 ppb, 58% of the day 3
residues). In a separate study (CM-92-01), a single major metabolite of
doramectin was observed in cattle feces at day 3 post dose, accounting for
14% of the recovered day 3 residues. This metabolite was identified by
Fast-Atom Bombardment mass spectrometry as 3"-O-desmethyldoramectin.
Two other components, which accounted for 4% and 5% of the recovered
day 3 activity, respectively, were likewise identified as 24-hydroxymethyl-3"-
O-desmethyldoramectin and 24-hydroxymethyldoramectin. Doramectin and
3"-O-desmethyldoramectin were evaluated against Daphnia magna, the
aquatic species that was the most sensitive to doramectin of those tested.
When ECs, values were compared at the 48 hour period in a static toxicity
test, the desmethyl metabolite appeared to be approximately 8 times less
toxic (Appendices ¢-19 and ¢c-20). Nevertheless, a conservative approach is
to assume that the entire administrated dose is excreted as the equivalence
of unchanged drug.

3. Concentration of Doramectin in Excreted Cattle Wastes

A feedlot animal typically produces 22 kg of wet waste per day
(Environmental Protection Agency, 1974) and over the course of a typical
136 day stay in the feedlot (Feedstuffs, 1988) would produce a total of 2992
kg wet waste:

22 kg wet waste/day x 136 days = 2992 kg wet waste

A worst case estimate assumes that each animal will be treated once.
Therefore, the average maximum concentration of drug plus metabolites in
the excreted wet waste would be 18 ppb:

54 mg drug excreted 0.018 mg
= =18 ppb
2992 kg waste kg
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4. Concentration of Doramectin in Aged Feedlot Wastes

Fresh cattle excreta contains about 80% water by weight (Ensminger, 1976),
whereas after aging on the feedlot, moisture content is reduced to about 25-
40% (Environmental Protection Agency, 1974; Sweeten and Withers, 1990).
Assuming an average moisture content of 30% in aged feedlot waste and no
degradation of doramectin residues in the manure, the concentration of
doramectin residues would be increased by a factor of 2.7 (0.80/0.30) over
that expected in wet waste, giving maximum expected concentrations in
aged feedlot waste of approximately 0.049 mg/kg or 49 ppb (0.018 mg/kg x
2.7).

5. Potential Concentration of Doramectin in Soil Amended with Feedlot Wastes

Use of feedlot manure containing doramectin as fertilizer would result in
introduction of the drug into the soil. The resulting concentration of drug in
soil can be estimated from the concentration of drug in aged manure and
the rate of application of aged manure to soil.

Manure is incorporated into the top 15 cm of soil at a rate of 5-20 tons aged
waste/acre/year (Ensminger, 1976; Sweeten and Withers, 1990). Ata
density of 1.5 x 10° kg/m°, the top 15 cm of soil weighs about 9.1 x 10°
kg/acre; therefore, using an average rate of incorporation of 15 tons (13.6
metric tons) manure/acre/year, use of aged manure containing 49 ppb
doramectin residues would resuilt in a maximum concentration in soil of only
about 0.73 ppb drug residue:

(0.049 mg/kg)(13.6 x 10° kg/acre) = 6.66 x 10> mg/acre
(6.66 x 10° mg/acre)+(9.1 x 10° kg/acre) = 7.3 x 10™ mg/kg or 0.73 ppb

This is a worst case estimate, which assumes treatment of all animals and
no degradation of doramectin in the excreta prior to incorporation into soil.
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6. Amount of Drug Used and Introduced into the Environment
a. Quantity

It is estimated that use of doramectin for the therapy of parasitic infections of
cattle could result in up to approximately 2.7 metric tons being used and
introduced into the environment annually. This estimate is based on the amount
of drug needed to medicate a single animal and the number of animals likely to
be medicated over the period of a year.

The 1994 USDA survey indicates that approximately 34.9 x 10° beef cows and
approximately 31.3 x 10° calves and stockers were on pasture and
approximately 25 x 10° cattle were processed through feedlots. Survey
information collected for the southwestern U.S. (Section 6.C.6b) indicates that
during the second and fourth quarters of the year, approximately 20% of the
cattle on pasture were treated with ivermectin while approximately 10% of the
population were treated in each remaining quarter. Assuming that ivermectin
use is a close proxy of the maximum doramectin usage and further assuming a
similar rate of treatment across the U.S., approximately 21 x 10° beef cows and
19 x 10° calves and stockers would be treated over the entire year.
Furthermore, if as many as 25% of feedlot cattie were treated an additional 6 x
10° cattle would be treated over the entire year. Assuming a dose level of 0.2
mg/kg and average body weights for beef cows, calves/stockers and feedlot
cattle at time of treatment of 432 kg, 145 kg and 270 kg, respectively, animals
would receive 86.4, 29 and 54 mg doramectin, respectively. Therefore,
treatment of the number of cattle indicated above would result in use and
excretion of approximately 2,700 kg doramectin:

86.4 mg/beef cow x 21 x 10° beef cows = 1.814 x 10° mg or 1,814 kg
29 mg/calf-stocker x 19 x 10° calves-stockers = 551 x 10° mg or 551 kg
54 mg/feedlot cow x 6 x 10° feedlot cattle = 324 x 10° mg or 324 kg
Total = 2,689 kg or approximately 2.7 metric tons

b. Pattern of Use

Cattle pasturing patterns were examined and ivermectin usage was determined
to better understand the introduction of residues into the pasture environment
as a result of use. The objective was to determine the spatial and temporal use
of ivermectin among pastured cattle so that the proportion of dung pats
containing residues could be established. Several veterinarians that practice
deworming and rely principally upon ivermectin provided input to help determine
what proportion of a given herd may be expected to receive treatment and the
likelihood that treatment of adjacent herds occurs simultaneously.

Section 8.C.1 (below) addresses a concern that use of doramectin in pastured

cattle may adversely affect dung dependent arthropods and degradation of
dung in pastures. Dung beetles were identified specifically as insects that might
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be threatened. Information provided in Section 8.C.1 leads to the conclusion
that non-native (exotic) dung beetles introduced and established in the southern
states and in Hawaii are the only species that would potentially be threatened.
Therefore, data collection was limited to the southern states where exotic dung
beetles are established and where significant numbers of cattle are kept on
pastures. Drug usage was focused on ivermectin because it is the only
avermectin approved for use in the U.S. ltis believed that introduction of
doramectin would be unlikely to increase overall usage of avermectins. Thus, it
is assumed that current ivermectin usage is a close proxy of the maximum
doramectin usage.

A survey focused on two regions, the Southwest U.S. and Southeast U.S.
where data exist that track ivermectin usage. States that comprise each region
are listed below:

Southwest Southeast
Arizona Alabama
Arkansas - Florida
New Mexico Georgia
Oklahoma Louisiana
Southern California Mississippi
Texas South Carolina
Maryland
North Carolina
Virginia

A usage tracking study (Doane, 1992-1994) was used to conduct the regional
survey. This is a quarterly syndicated mail survey conducted by an independent
market research firm which specializes in the agriculture industry. The survey
monitors animal health product usage of producers in the U.S. and is widely
used by animal health companies and others to understand markets.

The key objective of the survey was to accurately project the number of animals
treated with ivermectin products over 3 years (1992-1994). A secondary
objective was to measure seasonal product usage. Thus seasons in this study
are defined to be months with more consistent weather patterns (Dec-Jan-Feb,
Mar-Apr-May, Jun-Jul-Aug, Sep-Oct-Nov). The sample size was approximately
2,000 cattlemen each quarter.

The above survey was supplemented by a survey of approximately 300 cattle
producers commissioned by Pfizer, Inc in 1991 and designed to accurately
project ivermectin usage patterns in various regions of the U.S. on a monthly
basis.

An additional survey (Pfizer, 1995) was conducted to determine in detail
ivermectin treatments during peak usage periods in three local areas, each of
approximately 50 square miles in size, located in high density cattle rearing
counties of Texas and Florida. Information was obtained by monitoring
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ivermectin purchases over key 3 month periods and by interviewing key
practicing and extension service veterinarians.

Key Pastured Cattle Areas:

The highest concentrations of pastured cattle (e.g. beef cows) are located in the
“Cattle Belt” which runs through the midwest United States. The top 15
pastured cattle states are listed in the table below. These states account for
70% of all pastured cattle. Texas is the top pastured cattle state and accounts
for nearly 17% of pastured cattle in the U.S. Florida ranks number 10 and
accounts for 3.2% of all pastured cattle.

Table 1. Key Pastured Cattle States

1994
Rank State Inventory Cumulative
(000’s) Percent Percent
1 |Texas 5,800 16.7 17
2 [Missouri 2,230 6.4 23
3 [Nebraska 1,920 5.5 29
4 |Oklahoma 1,842 5.3 34
5 |South Dakota 1,598 4.6 39
6 {Montana 1,478 4.3 43
7 |Kansas 1,473 4.3 47
8 [Kentucky 1,155 3.3 50
9 |Tennessee 1,130 3.3 54
10 |Florida 1,093 3.2 57
11 {lowa 1,075 3.1 60
12 |North Dakota 930 2.7 63
13 |Arkansas 926 2.7 65
14 |Alabama 862 2.5 68
15 |Colorado 820 2.4 70

The cattle population in the survey areas of the southern United States
fluctuated around 30 million head with some seasonal variation from 1992
through 1994. The largest concentration of pastured cattle exists during the
January to July time period with the second quarter typically a time of peak
numbers. This is because most southwest operations have a spring calving
season while many southeast operations calve in the fall. Thus, cattle on
pasture peak in the spring (2Q) as spring calves are born in the southeast and
fall calves mature in the southwest. Also contributing to peak numbers during
this time are cattle from cold-winter areas which are moved to the southwest for
winter grazing.

G:\PROJPC\UKE799\NJC\OBENVIR\NADAEA.DOC 22 3-Mar-96



A. Regional Survey:

Chart 1 (below) compares the total number of cattle on pasture each quarter
in the Southeast survey region during 1992-1994 with the total number and

percent treated with ivermectin.

The number of ivermectin treatments per quarter remained fairly constant
from quarter to quarter; percent of cattle treated fluctuated less than 10
percentage points within each year. However, in 1994, usage varied
considerably from quarter to quarter with percentage of cattle treated with
ivermectin peaking at greater than 20% in the second and fourth quarters.
Still, less than 25 percent of the cattle on pasture were treated in any single

quarter.

Chart 1'.

Southeastern survey region. Total pastured cattle population and number

treated (left scale) with ivermectin by quarter for 1992-1994. Percent treated

(right scale).
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Chart 2 (below) compares the total number of cattle on pasture each quarter
in the Southwest survey region during 1992-1994 with the total number and
percentage treated with ivermectin.

The Southwest region accounts for more than double the cattle population
as the Southeast region. As in the Southeast, the total cattle on pasture
population tends to peak in the second quarter yet ranges around 20 million
head. Ivermectin treatments in 1992 and 1994 follow the expected peaking
pattern in the second and fourth quarters, however, 1993 treatments were
more constant. During the entire 3 year period, ivermectin treatments in the
Southwest region did not exceed 20% in any quarter.

Chart2. Southwestern survey region. Total pastured cattle population and number
treated (left scale) with ivermectin by quarter for 1992-1994. Percentage
treated (right scale) also shown. Due to larger populations, the left scale is
different than Chart 1.
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Chart 3 (below) shows the distribution of annual ivermectin treatments for
both the Southeast and Southwest survey regions per quarter from 1992-
1994. The Southwest region treatments are more concentrated in the
second and fourth quarters. For example, in 1994, 30% of annual
ivermectin treatments occurred in the second quarter and 25% occurred in

the fourth quarter. The treatment patterns in the Southeast region are
somewhat more erratic.

Chart3. Southeast and Southwest survey regions combined. Ivermectin treatments
per quarter on a percentage basis.
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Chart 4.

Chart 4 (below) shows the distribution of annual ivermectin treatments for
the Southeast region by type of cattle from 1992-1994. Each cattle type
represents a different size category: breeding herd (average weight 432
kg), replacement heifers (cows held back to calve in the future, average
weight 300 kg), and stockers (calves being grown for processing, average
weight 145 kg).

Although the total treatment distribution of ivermectin is fairly constant
throughout the year, when analyzed by type of cattle, definite patterns of
treatment emerge. Generally, the breeding herd is most often treated in the
2nd quarter, stockers are treated most often in the 3rd quarter, and
replacement heifers are treated most often in the 4th quarter. When
combined, the three different peaks result in the flatter distribution of total
treatments.

Southeastern survey region. Percentage of herd treated with ivermectin
when separated into different types of cattle by quarter for 1992-1994.
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Chart 5 (below) shows the distribution of annual ivermectin treatments for
the Southwest region for 1992-1994 for cattle differentiated as in Chart 4.
Peaks of highest usage occur in the second and fourth quarters. When
analyzed by type of cattle, treatment peaks tend to occur at the same time,
thus for each group of cattle, the peak usage periods are the second and

fourth quarters.

Chart 5.

Southwestern survey region. Percentage of herd treated with ivermectin
when separated into different types of cattle by quarter for 1992-1994.
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Chart 6 (below) shows the monthly distribution of total ivermectin treatments
for all pastured cattle in the combined Southeastern and Southwestern
survey regions over a one year period. This 1991 survey of 300 cattlemen
provides a clearer picture of the monthly distribution of ivermectin usage
among cow-calf producers across the entire southern region. According to
this study, peak usage occurs in the March to May time period with the
ultimate peak in May; a secondary peak time is October.

Chart 6. Southeast and Southwest survey regions. Monthly distribution during 1991
of total ivermectin treatments for all pastured cattle.
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Conclusion: The regional survey across the Southeastern and
Southwestern U.S. indicates that on the basis of the total number of
pastured cattle treated with ivermectin, peaks occur in the second and fourth
quarters of the year. However, percentage treated per quarter tends to
remain below 20% of the total cattle population, even during peak times.

B. Local Surveys

The Texas survey profiled operations during March-May, 1995 in Matagorda
county in Southeastern Texas, one of the top 100 beef cow counties
according to the 1992 USDA survey. The county contains 449 cow-calf
operations and approximately 37,500 beef cows. The average cow-calf
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Chart 7.

Percent of

100.0%

herd is 84 head and the stocking rate is approximately 9 acres per cow-calf
pair.

Interviews revealed the following: The seasonal peak of cow-calf pairs
occurs in March-May; calves range from 1-7 months in age. A significant
amount of deworming occurs at this time. Producers tend to treat all cows.
Some also treat all calves and others treat only fall born calves. Operators
tend to treat as many cows per day as possible. Large operations require at
least 4-5 days for treatment of all cattle.

This information confirms results of the 1991 Pfizer survey. Chart 7 (below)
from this latter survey illustrates that over 80% of cow-calf producers in the
southern U.S. deworm 91-100% of their cattle. Since some producers
deworm at least part of their herd more than once per year, total
percentages shown below exceed 100%.

Percent of cattle herd dewormed by cow-calf operators in the southern U.S."

Producers
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‘Source: 1991 Pfizer market research study
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Chart 8.

cow doses

Chart 8 (below) tracks daily sales of ivermectin by a practicing veterinarian
from March-May, 1995 and illustrates that product was purchased and
presumably used fairly evenly throughout this time frame. In agreement with
comments provided by the extension veterinarian who was interviewed, the
purchase data suggest the unlikelihood that a number of adjacent herds
were treated simultaneously.

Daily sales of ivermectin purchased through a large veterinary practice in
Matagorda county, Texas from March-May, 1995.

2500
2000
1500
1000 ,
|
0 4 WM I” .
ree R FedRIgeNe o8

1-Mar

1. Over the 3 months, daily sales totaled enough to dose 10,225 cows or 27% of Matagorda county’s
beef cow population.

2. Sales over the 3 months came from 19 individual cow-calf operations.

3. The large spike in sales on April 11 was accounted for primarily by one operation.

In Texas, operators were advised by both the practicing and extension
veterinarians to delay worming until late May or early June in order to rid
cattle of inhibited Ostertagia spp. Explanations offered for treatments being
spread over 3 months include factors such as weather, particularly when
using the pour-on formulation. Others include the need to schedule
deworming around other farming and non-farming activities as well as
entrenched husbandry habits dictating time of treatment.

The Florida survey profiled operations during March-May, 1995 in Marion
county in west-central Florida. The county contains 697 cow-calf operations
and approximately 25,400 beef cows. The average cow-calf herd is 36 head
at a stocking density of approximately 7.2 acres per cow-calf pair.
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Chart 9.

cow doses
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Interviews revealed the following: The seasonal peak of cow-calf pairs
occurs in March-May (numbers of animals, not pounds of beef). Peak
deworming activities occur during this period and also in September-
November when cattle are treated for liver fluke and/or roundworms.
Operators tend to treat all cows and older calves. Treatment of larger herds
(2000-3000 head) requires at least 1 week's time.

Chart 9 (below) which monitored sales (and presumably use) of ivermectin in
Marion county, Florida, shows that purchase occurred over the entire 90 day
period. As indicated by the extension veterinarian who was interviewed, the
data suggest that neighboring herds were not treated simultaneously but
randomly over a period of 90 days. Principal reasons for the spread offered
by the extension veterinarian included problems in scheduling contracted
crews to handle animals and differences in breeding and calving seasons
from one operator to the next.

Daily sales of ivermectin through a large veterinary practice in Marion
County, Florida from March-May, 1995.
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1. Over the 3 months, daily sales totaled enough to dose 679 cows or 3% of Marion county’s beef cow
population.

2. Sales over the 3 months came from 27 individual cow-calf operations.

3. The high spike seen on March 25 was accounted for by two operations; each buying enough for 80

cows.
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Purchases of ivermectin were also monitored during September-November,
1994, in Desoto county in southwestern Florida, one of the top 100 beef cow
counties according to the 1992 USDA survey. The county contains 305
cow-calf operations and approximately 39,000 beef cows. The average
cow-calf herd is 128 head at a stocking rate of approximately 6.3 acres per
cow-calf pair.

Interviews revealed the following: Calving occurs during the September-
November time period, and numbers are moving close to the seasonal peak.
Deworming activities are high; operators tend to treat all animals and in the
shortest time possible. A maximum of 200-250 animals are treated per day,
so large operators of 8000 or more head may require several weeks for
treatment of all individuals.

Ivermectin purchase, and presumably treatment is spread out over the 3
month period as shown on Chart 10 (below). According to the practicing
veterinarian, principal reasons for treatment being spread out include
differences in time of breeding and calving among producers as well as a
desire among some operators to delay treatment until cooler fall weather
arrives.
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Chart 10. Daily sales of ivermectin through a large veterinary practice in Desoto
county, Florida from September -November, 1994.
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1. Over the 3 months, daily sales totaled enough to dose 820 cows or 2% of Desoto county’s beef cow
population.

2. Sales over the 3 months came from 14 individual cow-calf operations.

3. The sales figures are low from this clinic because it relies almost solely on consulting services rather
than retail sales.

Conclusions: A survey of large practices in Texas and Florida indicates that
considerable deworming activities take place during the calving periods of March-May
and September-November. Based on veterinary testimony, operators treat nearly all
their cattle at one time to a maximum rate of 200-250 per day. Also based on
veterinary testimony and daily sales (and presumably use), treatment of local herds
under the care of a single veterinarian occurs throughout the 3 month period rather
than in a more compressed time period. In Matagorda county Texas, 19 operators
(4%) purchased sufficient ivermectin over 90 days to treat 27% of the county beef cow
population. In contrast, in two Florida counties surveyed, 4-5% of the operators
purchased sufficient ivermectin over 90 days to treat 2-3% of their respective counties
beef cow populations. The survey suggests that herds in adjacent pastures would not
be treated simultaneously; therefore, over a season, the total number of pats
containing residues in a pasture or adjacent pastures would be a small percentage of
total pats, and pats containing residues would be limited to areas traversed by treated
herds for the first 2-3 weeks post dose.
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7.  Number of Acres Affected

Acreage used for grazing and for disposal of feedlot wastes would be
exposed to doramectin residues.

Each feedlot animal would produce about 2,992 kg (2.99 tons) of wet waste
or 1108 kg (1.1 tons) of aged waste during a 136 day fattening period.
Medication of one-half the total cattle population (56 million) would produce
a total of about 62 million tons of aged waste annually:

1.1 tons/animal/year x 56 x 10° animals = 61.6 x 10° tons/year

At an application rate of 13.6 metric tons of aged manure per acre, this
manure would be dispersed over about 4.6 million acres:

62 x 10° tons =~ 13.6 tons/acre = 4.6 x 10° acres.

7. EATE OF EMITTED SUBSTANCES [N THE ENVIRONMENT

A. Summaries of Doramectin Environmental Fate Studies

1. Aqueous Solubility

The solubility of doramectin in water is 25 ppb at 25 + 0.01°C. A tull report
summary is presented in Appendix c-2.

2.  Physical-Chemical Properties

Dissociation Constant: The doramectin molecule contains neither a basic
nor an acidic functional group and consequently does not protonate or
dissociate over the range of pH 5 to pH 9.

Ultraviolet-Visible Absorption Spectrum: Doramectin shows absorption
within the wavelength range between 200 to 800 nm. An absorption peak
occurs at 244 nm, with shoulders at 238 and 253 nm. A plot of the UV-
visible spectrum at pH 7 is presented in Appendix ¢-3. The spectrum does
not change significantly at pH 5 or 9.

Melting Temperature: The average melting temperature of doramectin is
160.5-162.2°C.
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Vapor Pressure: Thermogravimetric analysis suggests that doramectin has
a very low vapor pressure and is non-volatile. When compared with
pyrene, which has a reported vapor pressure of 7 x 10 torr at 20°C, the
estimated vapor pressure of doramectin is <7 x 107 torr.

A full report summary of these physical-chemical properties is presented
in Appendix c-3.

3. Octanol-Water Partition Coefficient

The octanol-water partition coefficient, Ky, for doramectin is 25,787; log
Kow is 4.41. A full report summary is presented in Appendix c-4.

4. Soil Sorption and Desorption

A soil sorption and desorption test was conducted using three different
soils: Texas clay loam (TXCY); California clay loam (CACY); and Mississippi
silty clay loam (MSCY). The distribution coefficients, Ky determined from
the Freundlich adsorption isotherms, were 70.8 (TXCY), 234 (CACY), and
562 (MSCY), with corresponding K, values of 7520, 13300, and 86900,
respectively, indicating strong sorption of doramectin to all three soil types.
It was calculated that at a solution:soil ratio of 5:1, 93.4% of doramectin
will sorb to TXCY soil, 97.9% will sorb to CACY, and 99.1 % will sorb to
MSCY. A full report summary is presented in Appendix c-5.

5. Fecal Sorption and Desorption

Fecal sorption and desorption of doramectin was measured using feces
collected from 300 kg steers fed a nonmedicated ration of corn silage plus
mineral mix. The distribution coefficient, Ky, determined from the
Freundlich adsorption isotherm, was 15,600, with a corresponding Ko
value of 34,100, indicating strong sorption of doramectin to cattle feces. A
full report summary is presented in Appendix c-6.

6. Soil Column Leaching

A soil column leaching study of **C-doramectin was conducted to estimate
the mobility of doramectin in two soils: Thoresby loamy sand and
Alconbury sandy clay loam. Leachate from both soil columns contained no
detectable *“C-radioactivity (<1.2% of applied, limit of detection). Most of
the applied *C-radioactivity (89.4-97.7%) was retained in the top 5 cm of
the columns, with radioactivity in lower sections below the limit of reliable
measurement (<3% of applied). A full report summary is presented in
Appendix c-7.

7. Aquatic Photodegradation

Doramectin underwent rapid photolysis in dilute aqueous solution, with a
calculated rate constant of 0.16 hours™ and a corresponding half-life of
4.45 hours. **C-photodegradate analysis revealed at least 10 minor polar
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degradation products, none of which individually accounted for more than
10% of the applied radioactivity. A full report summary is presented in
Appendix c-8.

8. Aecrobic Biodegradation in Soil

Aerobic biodegradation of doramectin in soil was assessed using three
different soils: Ohio clay loam, Hlinois silt loam, and North Dakota loam.
Mineralization of "“C-doramectin to CO, did not occur to any appreciable
extent (3-4% "*CO, in 72 days). Analysis of soils for unchanged doramectin
and metabolites by extraction and HPLC analysis at termination of the study
(day 72) revealed that doramectin had been transformed to metabolites in all
three soils. The amounts transformed were 42.2%, 53.5% and 55.6% for
the Ohio, lllinois, and North Dakota soils, respectively. The estimated time
to 50% biotransformation for these soils was 79, 62, and 61 days,
respectively. One breakdown product accounted for more than 10% of the
total applied radioactivity in a single soil, lllinois silt loam (range 12.7-13.8%)
and was identified as the 8-a-hydroxy analog of doramectin. A full report
summary is presented in Appendix ¢c-9.

B. Potential Concentration and Fate of Doramectin Residues in Environmental
Compartments

Use of doramectin could result in introduction of residues into four specific
environments as follows: 1) sites where cattle are treated, 2) sites where
cattle waste is disposed, 3) areas receiving runoff from such sites, and 4)
ground water below such sites. Doramectin would not be expected to
partition into the atmosphere because of its high molecular weight, high
melting point and low vapor pressure.

1. Potential Release of Doramectin from Cattle Feedlot Waste to Rainfall
Runoff

Only insignificant amounts of doramectin are expected to partition into
surface waters in runoff from a feedlot due to the strong sorption of drug to
cattle feces (Appendix c-6). An estimate of the maximum concentration of
doramectin in rainfall runoft can be made using the concentration of drug in
feedlot manure and the feces/water partition coefficient. For a worst case
consideration, assume simultaneous treatment of all cattle in a feedlot with
each treated head receiving 54 mg doramectin (see Section 6.C.1). Further,
assume 100% of the dose is excreted as parent drug during the following 14
days, with a rainfall event occurring on day 14. |f a typical animal produces
22 kg of wet waste per day, 308 kg will be produced over the 14 days during
which drug is excreted. The concentration of drug in manure from treated
cattle is 54 mg/308 kg = 0.18 mg/kg. The concentration of doramectin in
surface water equilibrated with the doramectin-containing manure, C,, can
be calculated using the relationship

Cw = Cn/Ky
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where C,, is the concentration of doramectin in manure
and Ky is the feces/water partition coefficient

The feces/water partition coefficient for doramectin is 15,600 (Appendix ¢-6).
The maximum concentration of doramectin in equilibrated surface runoff is
therefore (0.18 mg/kg)/15,600 = 1.2 x 10”° mg/kg or 12 ppt. Runoff from
rainfall events occurring at later times after drug administration will contain
even less, as the concentration of doramectin residues in manure will have
decreased by further dilution with fresh manure. For example, at the end of
a 136 day stay, the maximum concentration of drug in aged manure is only
49 ppb (Section 6.C.4); C, would therefore be only 3.1 x 10° mg/kg or 3.1
ppt ((0.049 mg/kg)/15,600). Residues in any runoff would be further
diminished by sorption to soil during the runoff event and dilution into the
receiving pond or lake.

The calculated concentration of doramectin in feedlot surface runoff water
can be used to estimate the amount of doramectin that could be transported
to the aquatic environment during a rainfall event. Assuming that a three
inch rainfall event produces one inch of runoff, the total amount of
doramectin lost in solution in the runoff from each acre can be determined
for the worst case situation just described as follows:

Amount removed = (volume of runoff per acre)(concentration in runoff)
= (1/12 acre-ft)(1.233 x 10° L/acre-ft)(1.2 x 10° mg/L) = 1.2 mg

In a feedlot with a stocking density of 200 head/acre and assuming all of the
animals were treated with doramectin, this would represent only 0.011% of
the total drug residues:

[1.2 mg + (64 mg/head x 200 head)] x 100 = 0.011%
Therefore, in this worst case example, 1.2 mg doramectin/acre would be
carried in surface runoff at a concentration of 12 ppt, representing only
0.011% of the residues expected in fresh feedlot manure. The level would
be even lower in a runoff event from aged feedlot manure.

2. Fate of Doramectin in Waste-Amended Soil

The innate biodegradability of doramectin in soil has clearly been shown by
demonstration that the drug undergoes biotransformation to approximately
14 quantifiable metabolites which collectively account for as much as 56% of
residues extracted from soil at 72 days (Appendix ¢-9). The estimated time
for transformation of 50% of doramectin to metabolites in three different
soils was 61, 62 and 79 days. Although the kinetics of doramectin
degradation in soils cannot be predicted from the studies conducted and are
likely to be complex, first order kinetics have been found applicable for
describing degradation of a variety of chemicals present at very low (e.g.,
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ppm) concentrations (Alexander and Scow, 1989) and will be used to
describe the degradation of doramectin in soil.

The concentration, C,, of doramectin in soil at any defined time after its
application to soil can be determined by the following equation assuming the
initial drug concentration (Co) in soil and the depletion half life are known:

Ct = Coe-kt
Depletion rate constants (k) can be calculated from the estimated times (t) to
50% biotransformation by converting the above equation to logarithms and
rearranging:

log Ci=log G, - kt/2.3

k = (2.3)(log2) = 0.693
t t

Time to 50%
Biotransformation (days) k (Days™)
61 0.01136
62 0.01117
79 0.00877

If the initial concentration of doramectin in manure-amended soil is 0.73 ppb
(Section 6.C.5) and assuming a time to 50% transformation of 79 days, the
most conservative value obtained from soil biodegradation studies, 0.03 ppb
will remain in the soil 365 days after application (log C = log 0.73 -[0.00877 x
365/2.3] = -1.53; C = 0.0296 ppb). The table below indicates that a
maximum concentration of approximately 0.76 ppb doramectin residues in
soil is reached after application of manure to the soil two times with a 365

day interval:
Number of successive Concentration (ppb) of
reapplications doramectin residues in soil
0 0.73
1 0.0296 + 0.73 = 0.7596
2 0.0308 + 0.73 = 0.7608
3 0.0309 + 0.73 = 0.7609

Thus, annual field application of aged manure containing doramectin
residues would not be predicted to lead to increasing concentrations of drug
in soil.
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3. Potential Concentration of Drug in Surface Runoff from Waste-Amended
Soil

Doramectin sorbs tightly to soils, with soil/water partition coefficients or
sorption coefficients (Ky) ranging from 70.8 to 562 for three soils with varying
properties; corresponding sorption coefficients expressed on an organic
carbon basis (Koc) are 7,520 - 86,900 (Appendix ¢-5). Chemicals with Ko
values greater than 1000 are essentially immobile in soils (Kanega, 1980;
Hamaker and Thompson, 1972) and therefore not expected to leach into
ground water or move into surface water. Furthermore, any doramectin
residues in surface waters would be expected to rapidly decline as low
concentrations of the drug in aqueous solution are degraded within a matter
of hours by sunlight. Aqueous solutions of 1 ppm doramectin exposed to
simulated sunlight were degraded to numerous minor metabolites with a
half-life of 4.45 hours (Appendix ¢-8). Consequently, it is unlikely that more
than inconsequential trace concentrations of doramectin would ever be
present in solution in streams or ponds.

Estimates of the amount of doramectin that might enter surface waters after
feedlot waste is applied to agricultural soils can be made from the
doramectin soil/water partition coefficients determined in the soil
sorption/desorption study (Appendix ¢-5). The concentration of doramectin
in equilibrated surface water (Cy) can be calculated using the relationship

Cw = Cs/Kd

where C; is the concentration of doramectin in waste-amended soil
and Ky is the soil/water partition coefficient

The lowest Ky value for the three soils tested, 70.8, will be used to estimate
the maximum surface water concentration. The maximum doramectin
concentration in soil amended with aged manure is 0.76 ppb or 7.6 x 10™
mg/kg (Section 7.B.2). Therefore, Cy = (7.6 x 10 mg/kg)/70.8 = 1.07 x 10°
mg/kg or 11 ppt. This is the maximum concentration that would be found in
surface water that has equilibrated with the doramectin-amended soil; this
would be diluted as the surface water mixes with water in a receiving pond,
lake or stream and would decline further as the doramectin is rapidly
degraded by sunlight.

The calculated maximum concentration of doramectin in surface runoff
water from waste-amended soil can be used to estimate the amount of
doramectin that could be transported to the aquatic environment during a
rainfall event. Assuming that a three inch rainfall event produces one inch
of runoff, the total amount of doramectin lost in solution in the runoff from
each acre can be determined as follows:

Amount removed = (volume of runoff per acre)(concentration in runoff)

= (1/12 acre-ft)(1.233 x 10° L/acre-ft)(1.1 x 10 mg/L)
= 1.13 mg/acre
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This represents only 0.17% of the total doramectin residues applied (666
mg/acre, Section 6.C.5).

In a 40 acre watershed draining to a 2.5 acre receiving pond with an
average depth of 2.5 feet, the maximum concentration of doramectin
residues in the pond receiving runoff would be only 5.9 ppt:

(1.13 mg/acre x 40 acres) + (2.5 acre x 2.5 ft x 1.233 x 10° L water/acre-ft)
=45.2mg + 7.7 x 10° L = 5.87 x 10°® mg/L or 5.9 ppt

This maximum estimated concentration in the receiving pond assumes none
of the doramectin residues are adsorbed by soil during runoff. Susceptibility
of doramectin to degradation by sunlight in aqueous solution would further
reduce this concentration in the pond to even lower levels.

4, Potential Leaching of Drug into Ground Water from Waste-Amended Soil

As noted above, the strong sorption of doramectin to soils and to cattle
manure indicates that it will be essentially immobile in waste-amended soils
and therefore will not leach into ground water. The predicted immobility of
doramectin was verified in a soil column leaching study using **C-doramectin
and two representative soils (Appendix c-7). With a rainfall equivalent of 50
cm passing through the columns, no appreciable leaching was observed. In
fact, all of the “C-radioactivity recovered (89 -98%) was found in the top 5
cm of the columns, with lower segments and leachates containing no
detectable *C radioactivity (<3% and <1.2% of the applied radioactivity,
respectively). This observation is consistent with an estimate of doramectin's
leaching potential based on calculation of its relative mobility (Ry) using the
following equation (Helling and Turner, 1968; Environmental Protection
Agency, 1982; Hamaker, 1975):

Rf = 1
1 + (Koo)(%0C/100)ds) (1767 - 1)

Where Ko = soil sorption coefficient relative to organic carbon content
%Q0C = organic carbon content (= %organic matter/1.7)
ds = density of soil solids
8 = pore fraction of the soil
Using the lowest K, value measured for doramectin in the soil sorption and
desorption study (7,520; Appendix ¢c-5), 8 = 0.5 and additional soil
properties corresponding to the two soils that were used in the soil column

leaching study (Appendix c-7), R values can be calculated as follows:

Thoresby Loamy Sand: ds = 1.38; %0C = %0M/1.7 = 1.2/1.7 = 0.71
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Ri = 1 =2.26 x 10
1 + (7520)(0.71/100)(1.38)(1/0.5%* - 1)

Alconbury Sandy Clay Loam: ds =1.04; %0C = 2.7/1.7 = 1.59

R = 1 =1.35x 10*
1 + (7520)(1.59/100)(1.04)(1/0.5%° - 1)

These values indicate the distance in cm that the bulk of applied doramectin
could move through these soils for every cm of water percolating through
the soil. The 50 cm rainfall equivalent used in the soil column leaching study
would then be expected to move the doramectin only 0.68-1.13 cm (50 cm
X Ry), consistent with the results obtained. To extrapolate to field conditions,
if half the volume from a 25.4 cm (10 in) rainfall percolates to the water
table, the applied doramectin will move only 0.17-0.29 cm (0.5 x 25.4 cm X
R); even 10 times this amount of rainfall (i.e., 100 inches) would not lead to
significant movement of doramectin though the soil.

Given the low concentration of doramectin in soil following repeated
application of cattle feedlot manure (0.76 ppb; Section 7.B.2), the low
concentration in surface water equilibrated with waste-amended soils (11
ppt; Section 7.B.3), the very high K . values, and the susceptibility of
doramectin to biotransformation in soil, doramectin is not expected to
leach into ground water to any significant extent.

5. Potential Mobility and Degradation of Doramectin in Dung Pats Deposited in
Fields

Doramectin present in dung pats of pastured cattle would be tightly sorbed
to the excreta (Appendix c-6) and would not be expected to leach from the
dung pats into the soil or into surface run-off. As discussed in Section 7.B.1,
the average concentration of drug residue in fresh manure from treated
cattle over the 14 day period post-treatment when the drug is excreted is
0.18 mg/kg. The feces/water partition coefficient (Kq) of 15,600 will limit
concentrations in equilibrated surface water to only 12 ppt (Section 7.B.1).
This water can permeate into soil around or beneath the dung pats or flow
over the soil surface; in either case, any drug residues will partition from
the water to the soil, depleting the waterstream of residues. Once in the
soil, doramectin will be subject to biotransformation to minor metabolites
(Section 7.B.2) and will be gradually depleted from the soil environment.
Likewise, the susceptibility of doramectin to biodegradation and
photodegradation will reduce levels of residues in the dung pats. Rates of
degradation will likely depend upon various climatic and environmental
parameters, as has been reported for ivermectin (Halley et. al., 1989).
Disruption of dung pats by weather, i.e. freeze-thaw cycles and rainfall, as
well as the activity of vertebrates, i.e. trampling by livestock and foraging
by mammals and birds, will tend to disperse the dung and any associated
residues into the soil, where biodegradation will continue.
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6. Summary of Fate of Doramectin Residues in Environmental Compartments
Maximum expected concentrations of doramectin residues in various

environmental compartments as estimated in scenarios outlined above are -
summarized as follows:

Maximum Expected EA

Compartment Concentration Section
Wet feedlot wastes (136 days, 80% moisture) 18 ppb 6.C.3
Aged feedlot wastes (136 days, 30% moisture) 49 ppb 6.C4
Surface runoff, fresh (14 day) feediot wastes 0.012 ppb 7.B.1
Surface runoff, aged (136 day) feediot wastes  0.003 ppb 7.B.1
Waste-amended soil, first application 0.73 ppb 6.C.5
Waste-amended soil, reapplication 0.76 ppb 7.B.2
Surface runoff, waste-amended soil 0.011 ppb 7.B.3
Receiving pond, 40 acre watershed 0.0059 ppb 7.B3
Ground water Insignificant 7.B4

8. ENVIRONMENTAL EFFECTS OF RELEASED SUBSTANCES:

A. Summaries of Studies of Doramectin Effects on Non-Target Organisms:
Terrestrial Species

1.  Soil Microbes

Minimum inhibitory concentrations of doramectin for five representative soil
microorganisms, measured by agar dilution, were: Clostridium perfringens,
40 mg/L; Nostoc, 60 mg/L; Aspergillus flavus, 600 mg/L; Pseudomonas
aeruginosa, 800 mg/L; and Chaetomium globosum, 800 mg/L. A full report
summary is presented in Appendix ¢-10.
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2. Seed Germination and Root Elongation

Seeds of 3 species of monocotyledons and 3 species of dicotyledons were-
exposed to varying concentrations of doramectin to determine effects upon
germination and root elongation. No observable effect concentrations
(NOEC) and lowest observable effect concentrations (LOEC) are as follows:

% Germination® Root Elongation®
NOEC LOEC NOEC LOEC
Species (mg A.l./kg)  (mg A.l./kg) (mg A.l./kg) (mgA.l./kg)
Corn 840 >840 840 >840
Cucumber - 840, >840 840 >840
Perennial ryegrass 6.6 >6.6 1.6 3.3
Soybean 990 >990 990 >990
Tomato 840 >840 840 >840
Wheat 57 >57 57 >57

The NOEC and LOEC values were based on statistical analysis of
percent germination and root elongation data collected at test
termination. Morphological abnormalities were not used to define the
NOEC and LOEC values.

Perennial ryegrass was the most sensitive of the 6 species exposed to
doramectin, with an NOEC of 1.6 mg A.l./kg and an LOEC of 3.3 mg A.l./kg,
based on the effects observed on root elongation. A full report summary is
presented in Appendix ¢-11. '

3. Seedling Growth

Two studies were conducted to determine effects of doramectin on growth
of seedlings of 3 species of monocotyledons and 3 species of dicotyledons.
Shoot length, shoot dry weight and root dry weight were monitored. In the
first study, summarized in Appendix c-12, all 6 species were evaluated by
exposing seedlings to doramectin-coated silica sand. The no observable
effect concentration (NOEC) for soybean was 980 ppm and the NOEC for
tomato appears to be between 53-130 ppm. A NOEC for cucumber was not
assigned, but reductions in root weights of up to 45% were observed,
starting at 33 ppm, the lowest concentration tested in the definitive test,
although the reductions were not statistically significant. Monocotyledons
showed non-dose related effects and were retested in a second study,
summarized in Appendix ¢-13. In this study, seedlings were exposed to
varying levels of doramectin added to the aqueous nutrient solution or to a
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single level of drug applied to silica sand. No significant effects were noted
except for increases in root dry weight for corn at the lowest and highest
solution concentrations tested, and these observations were judged not to
be meaningful. Reductions in ryegrass shoot length of 15% at 3.7 ppb and
11% at 45 ppb, and in shoot weights of 23% and 29% at the same
respective doses in nutrient solution, were observed. However, doramectin
applied to sand at 47 ppm did not elicit the same response. Therefore,
NOECs of 45 ppb for drug solution, the highest concentration tested, and 47
ppm for drug applied to sand were established for corn, wheat and perennial
ryegrass for each of the criteria measured.

4. Earthworms

No mortality was observed in the earthworm Eisenia foetida exposed to
1000 ppm doramectin in an artificial soil for 28 days. The 28 day LCs is
therefore > 1000 ppm. Based on weight gain, the most sensitive criteria
monitored, the NOEC was 2 ppm and the LOEC was 4 ppm. A full report
summary is presented in Appendix c-14.

5. Immature Dung Beetles and Horn Flies

The LCgo of doramectin for hornfly (Haematobia irritans) larvae in cattle
feces is approximately 3 ppb; the NOEC for larvae development or
emergence of adults from the puparium is 2.4 ppb. The LCs, and LCgy, of
doramectin for immature dung beetles (Onthophagus gazella) are
approximately 12.5 ppb and 38.2 ppb, respectively; concentrations up to 250
ppb had no effect upon number of brood balls produced by mating pairs. A
full report summary is presented in Appendix c-15.

6. Invertebrate Colonization and Disintegration of Dung Pats in Pasture

Dung pats deposited by pastured cattle or constructed of bulked dung
collected 4, 32 or 64 days after doramectin treatment degraded at rates
equivalent to nontreated controls. Numbers of larval and adult dung beetles
(Aphodius spp. and Sphaeridium spp.) were equivalent in pats from control
and treated animals. Larvae of dung feeding flies, mainly Ravinia spp.,
Neomyia cornicina and Musca autumalis were reduced in pats from treated
cattle. Predatory beetles, primarily larval Sphaeridium spp. and adult
Staphylinidae were also reduced at 4 days but not at 28 days. Full report
summaries for these studies are presented in Appendices ¢-16 and ¢-17.

B. Summaries of Studies of Doramectin Effects on Non-Target Organisms:
Aquatic Species

During conduct of aquatic toxicity studies, loss of chemical was noted, likely
due to sorption of doramectin to containers and particulate matter and/or
photolysis of doramectin in aqueous solution. For evaluation of effects on
the green alga Selenastrum capricornutum, measured concentrations were
about 65% of nominal at initiation of the definitive study; however, rapid loss
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of doramectin from solution during this test to levels below the limit of
detection precluded determination of actual exposure concentrations. For
Daphia magna and fish toxicity studies, test chemical recovery ranged from
approximately 40% to 57% of nominal concentrations. Measured ‘
concentrations at test initiation and test termination for these latter studies
were in close agreement and, therefore, the initial and final measured values
have been averaged to provide an exposure concentration.

1. Freshwater Algae

No NOEC of doramectin for the freshwater green alga Selenastrum
capricornutum could be determined due to rapid loss of chemical from
solution. However, results of a preliminary 96-hour range-finding test at
nominal drug concentrations of 1.0, 0.10, 0.010 and 0.0010 mg/L indicate
that doramectin is not acutely toxic to S. capricornutum. A full report
summary is presented in Appendix c-18.

2. Daphnia magna

Acute toxicity of doramectin, 3"-O-desmethyldoramectin and 8-a-
hydroxydoramectin for the water flea Daphnia magna was measured under
static conditions. The 48 hour ECs, concentrations and NOECs are as

follows:

ECs NOEC
Doramectin 0.10 ppb 0.025 ppb
3"-O-desmethyldoramectin 0.84 ppb 0.16 ppb
8-a-hydroxydoramectin 1.1 ppb 0.39 ppb

Full report summaries are presented in Appendices c-19, ¢-20 and c-21.

3. Bluegill Sunfish

Acute toxicity of doramectin for bluegill sunfish (Lepomis macrochirus) was
measured under static conditions. The 96 hour LCs, is 11 ppb and the
NOEC is 2.3 ppb. A full report summaryis presented in Appendix c-22.

4. Rainbow Trout

Acute toxicity of doramectin for rainbow trout (Onchorhynchus mykiss) was
measured under static conditions. The 96 hour LCs is 5.1 ppb and the
NOEC is 2.5 ppb. A full report summary is presented in Appendix ¢-23.
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C. Potential Effects of Doramectin Usage on Non-Target Organisms

1.  Terrestrial Species

a. Soil Dwelling

As discussed above under Sections 6.C.5 and 7.B.2, the maximum
estimated concentration (MEC) of doramectin residues in soil is 0.76 ppb.
This concentration could only occur when cattle manure containing
doramectin residues had just been mixed into soil, assuming no degradation
of doramectin had taken place in the manure, and accounts for the very
small residual amount of drug that may remain from previous annual
fertilizations. This maximum estimated concentration in soil is not expected
to have an adverse effect on non-target, soil dwelling terrestrial species.
Minimum inhibitory concentrations of doramectin were 40 ppm or above for
soil microorganisms tested, more than 5 x 10* times the soil MEC. The
NOEC for earthworms was 2 ppm, a level that exceeds the soil MEC by 2.6
x 10° times; no lethal effects were observed for earthworms at
concentrations up to 1000 ppm, 1.3 x 10° times the soil MEC. Seed
germination or root elongation for six different species of agricultural crop
seeds were affected only at concentrations of 3.3 ppm or greater, 4.3 x 10°
times the soil MEC. Seedling growth of the dicotyledons tomato and
soybean was not affected at concentrations of 53-980 ppm, between 7 x 10
and 1.3 x 10° above the 0.76 ppb maximum estimated doramectin soil
concentration. Although cucumber showed some reduction in root weights
at 33 ppm and above, these reductions were not statistically significant and
occurred at concentrations at least 4.3 x 10 times the soil MEC. In
monocots (corn, ryegrass and wheat), no suppressive effects on seedling
growth were observed when doramectin was applied to the sand support
medium at 47 ppm, 6.2 x 10* times the MEC for soil. Furthermore, although
some reductions in ryegrass shoot length and shoot weights were observed,
no statistically significant adverse effects were observed on monocots when
doramectin was incorporated into the nutrient solution at 45 ppb, 59 times
the soil MEC and 4 x 10° times the 11 ppt MEC for doramectin in undiluted
soil surface runoff (Section 7.B.3), which would correspond to maximum
interstitial water concentrations to which seedlings would be exposed.
Importantly, the tight binding of doramectin to soil and its extremely low
water solubility will limit doramectin availability to plants to such an extent
that residues are not expected to affect plant growth. Moreover, the
susceptibility of doramectin residues to degradation prior to and following
land application will result in exposure of terrestrial species to drug residues
at concentrations likely to be significantly below the maximum estimated soil
concentration. Such exposures will be transient as doramectin residues
further degrade in the soil environment. Therefore, doramectin residues in
soils are not expected to affect plant growth.

4
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b. Dung Dwelling

Dung-dwelling arthropods are sensitive to doramectin. Studies in which
immature stages of the horn fly Haematobia irritans and dung beetle
Onthophagus gazella were exposed to fresh cattle dung spiked with
doramectin (Appendix c-15), indicated that actively feeding larvae were
affected by the doramectin-containing dung in a laboratory environment.

The LCy value for hornfly larvae in cattle feces is approximately 3 ppb; the
NOEC for larvae development or emergence of adults from the puparium is
2.4 ppb. The LCso and LCg of doramectin for immature dung beetles are
approximately 12.5 ppb and 38.2 ppb, respectively; concentrations up to 250
ppb had no effect upon number of brood balls produced by mating pairs.
Studies conducted with pastured cattle (Appendices c¢-16 and c-17) showed
that in dung pats deposited or constructed of bulked dung collected 4, 32 or
64 days after doramectin treatment, numbers of larval and adult dung
beetles (Aphodius spp. and Sphaeridium spp.) were equivalent in pats from
control and treated animals. Larvae of dung feeding flies, mainly Ravinia
spp., Neomyia cornicina and Musca autumalis were reduced in pats from
treated cattle. Predatory beetles, primarily larval Sphaeridium spp. and adult
Staphylinidae were also reduced at 4 days but not at 28 days, probably due
to the absence of flies upon which they teed at the early time point rather
than any drug effect.

Ecology of Dung Beetles in the U.S.: Concern has been expressed that
use of avermectins in pasture cattle in the U.S. may adversely affect dung
dependant arthropods (Schmidt, 1983) and dung beetles have been
identified specifically as insects that may be threatened (Ridsdill-Smith,
1993). A discussion concerning the ecology of dung beetles follows, e.g.
beetle geographic and temporal distribution, mobility, dung preference and
breeding period. From this, beetle species will be identified whose breeding
populations could be threatened by exposure to doramectin residues in
dung pats (Section 6.C.6, Doramectin potential use survey). This
information will be used in developing a hazard assessment (Section 8.C.4).

The name "dung beetle" is applied to soil dwelling beetles of the order
Coleoptera. These scavengers feed upon decomposing organic matter and
are prime contributors to the breakdown of organic wastes (Halffter and
Edmonds, 1982). Most species have a similar life cycle: small numbers of
eggs are laid in organic matter such as dung on which larvae pupate and
emerge as winged adults when environmental conditions, particularly soil
temperature and moisture are favorable (Ratcliffe, 1991). Larvae tend to
ingest whole dung and derive nutrition mainly from the fiber content while
adults derive nutrition principally from the microorganisms and organic
colloids suspended in dung.

The beetle family Scarabaeidae contains three subfamilies with species that

can utilize cattle dung as a food source: the subfamily Aphodiinae
(aphodids), the subfamily Geotrupinae (geotrupids) and subfamily
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Scarabaeinae (scarabs). The former 2 subfamilies contain the principal
dung feeders of northern latitudes while scarabs are most prevalent in
subtropical and tropical regions (Fincher, 1981). Dung feeding aphodids
tend to live freely in the dung as either larvae or adults while geotrupids and
scarabs either build nests in the dung or visit pats as adults and transport
dung to nests or chambers at or below the soil surface.

Most dung beetles are strong fliers with diel flight activity dependant on
temperature, relative humidity and solar radiation (Landin, 1968). Dungis
located by olfactory stimulation and beetles tend to reach dung on the wing
by flying toward the wind. Cattle dung pats are visited immediately after
defecation and several authors have counted over 1000 specimens in a
single pat within two hours of defecation (Woodruff, 1973). Monographs
have been published that detail the distribution of Scarabaeidae in Florida
(Woodruff, 1973) and Nebraska (Ratcliffe, 1991). Both monographs
additionally indicate the distribution of described species throughout the U.S.

Subfamily Aphodiinae: Beetles in this subfamily are usually small (< 5Smm)
and without distinctive markings. Adults do not relocate food from the
original dung deposit as do many Geotrupinae and most Scarabaeinae
(Anderson and Loomis, 1978). Adults and larvae live freely in pats and
actively burrow and tunnel in them, but their presence has not been shown
to impact rate of dung degradation (Anderson et. al., 1984). About 300
species have been described from North America north of Mexico
(Woodruff, 1973) and of these, 210 are of the genus Aphodius (Gordon,
1983) and 41 of the genus Ataenius (Woodruff, 1973). Members of the
genus Aphaodius have a 2-6 month temporal distribution, however, many
species that reproduce during the fall or winter months do so only in the
more southern reaches of their habitats. Over half the Aphodius species are
found in the eastern U.S. with elliptical shaped niches extending west and
south of mid-New York and Pennsylvania into the Great Lakes region, the
mid U.S. south of the Great Lakes to Texas and Oklahoma or along the
eastern seaboard through Florida and occasionally the Gulf Coast. Over
40% of the Eastern species utilize deer dung as their exclusive or principal
food source. A further 20% prefer decaying animal matter and less than
20%, referred to as generalists, will utilize cattle dung from pastures
(Gordon, 1983). Generalist feeders do not appear to be exclusively
dependant on cattle dung and will also use dung from deer, fox, pack rat,
gopher and tortoise (Woodruff, 1973).

Nearly half the Aphodius species are found in the midwestern and western
states and most are associated with the burrows of rodents. They have a
temporal distribution from February-March or September-December
(Gordon, 1983). Additionally, a group of 11-12 Aphodius species native to
Europe have been introduced accidentally into the U.S. over the last 70
years and all but three species are now distributed broadly from New Jersey
to California and from lilinois and Minnesota to Texas (Hanski, 1991).
Introduced species tend to dominate aphodid assemblages in bovine dung
pats on pasture (e.g. Cervenka, 1986) and prefer cattle dung but can utilize
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dung from sheep, elk, moose, swine and possibly ground squirrels (Gordon,
1983, Fincher et. al., 1986).

Seventeen native Aphodius species are described from Florida and many -
are also found in other states along the eastern seaboard or gulf coast.
Additionally, five of the group of 11-12 accidentally introduced species are
also prevalent in Florida, particularly in cattle dung but also are found in the
dung of deer and other species (Woodruff, 1973). The rapid rate of
spreading of Aphodius species was recently documented by workers who
trapped three accidentally introduced species in Durango, Mexico that earlier
had been documented to occur only as far south as Florida (Lobo, 1994).

Thirty-five species of Scarabaeidae including 11 species of Aphodius were
captured in traps set in open pastures and woodlands in east-central Texas
(Fincher et. al., 1986). Three accidentally introduced species were noted,
including large numbers of A. lividus, captured in both habitats during spring
and fall months. In Minnesota, Scarabaeidae were collected from fresh
cattle dung in pasture and woodlands from sites in the northern and central
parts of the state (Cervenka and Moon, 1991). A total of 23 species were
identified including 12 Aphodius, 7 of which were members of the
accidentally introduced group.

Forty-one species of Ataenius from the subfamily Aphodiinae are found in
the U.S., mostly along the eastern seaboard and gulf coast states; 30
species are found in Florida. Worldwide, species are most abundant in
tropical and subtropical regions. Feeding preferences of beetles described
in the U.S. vary considerably from cow dung to dung of fox, deer, pack rats
and squirrels to leaf mold and humus to decomposing plants and animals
(Woodruff, 1973). Life cycles of most species are not well understood and
larval stages of many species have not yet been identified. Adults have
been captured in all months of the year suggesting that breeding may occur
year round.

Subfamily Geotrupinae: Beetles of this subfamily are generally robust in
appearance, typically 10-30 mm in length and usually dull in color. Adults
relocate food from the source and provision the young, usually in
subterranian burrows, some to depths of 8-10 feet. Life cycles require 1-2
years or more for completion. The subfamily consists of four tribes, two of
which occur in the U.S. Most species are secretive in nature, seldom found
in abundance and spend most of their lives deep in burrows. They tend to
be observed most frequently in spring and summer months during the day.
Species have been observed feeding on fungi, rotting plants and vertebrate
dung including human. Few seem to have a preference for cow dung but
the feeding habits and preferences of many species are unknown (Howden,
1955 and 1964).

The genus Geotrupes from the tribe Geotrupini are mostly coprophagous
species in Europe but North American species have a more varied food
selection (Hanski, 1991). Dung from horses and various livestock including
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cattle is used along with fungi and decomposing plants (Woodruff, 1973).
Examples of species that utilize cattle dung include G. blackburnii and G.
egeriei. Both are distributed broadly east of the Rocky Mountains. Larval
development requires 3-6 months or more depending on temperature and -
humidity and can occur year round, especially between January and
November.

Subfamily Scarabaeinae: Most members of this subfamily are
coprophagous as adults and larvae. Adults range in size from 2-25 mm,
may be brightly colored and possess conspicuous protuberances such as
horns. The subfamily consists of five tribes, three of which contain about 75
species native to the U.S. (Woodruff, 1973). The remaining tribes are
probably represented only by a few species that have been introduced into
the U.S. All scarabaeinae provision their nests with food, mainly dung for
“the larval stage.

Three nest building groups are recognized (Fincher, 1986). The
"endocoprids” nest inside dung pats where they carve out dung balls into
which eggs are inserted. "Telecoprids” or "ball rollers" form dung balls at the
pat and roll them away for burial below the soil surfaces. "Paracoprids” dig
tunnels beneath dung pats which are then provisioned with dung for use by
larvae.

The tribe Scarabaeini of the subfamily Scarabaeinae contain the ball rolling
species or "tumble bugs." Four genera are found in the U.S., the most
widely known belonging to the genus Canthon with 19 species represented.
Canthon spp. are broadly distributed throughout the U.S., i.e. C. chalcites
occurs throughout the eastern states, C. ebenus and C. imitator throughout
the arid central U.S. from Texas to South Dakota, C. pilularius in all regions
east of the Rocky Mountains and C. praticola and C. probus throughout the
southern and western states (Woodruff, 1973; Ratcliffe, 1991).

-Most Scarabaeini are found in open pasture and tend to be associated with
the habitat or placement of large animals such as livestock (Woodruff,
1973). Beetles trapped in east central Texas over a two year period
revealed a high proportion of Scarabaeini particularly in open pasture rather
than wooded pasture (Fincher, et. al, 1986). Most species feed on dung
from horse or cattle but adults also feed on fungi and carrion (Woodruff,
1973). Adults and larvae (where known) are active during spring and
summer months. Under favorable conditions, Scarabaeini adult populations
may exceed several hundred per dung pat and are capable of removing
significant amounts of dung from pastures.

The tribe Coprini of the subfamily Scarabaeinae is represented in the U.S.
by four genera. Most species have a shiny, metallic appearance. Three
species of the genus Ateuchus are found in the U.S., mainly in the
northeast, gulf coast states and Florida. While they are coprophagous and
will utilize the feces of woodchuck, pack rat and cats, they are also attracted
to rotting fungi and carrion. Two species of the genus Dichotomius are
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found in the U.S.: D. colonicus in the west from southern Arizona to Mexico
and D. carolinus throughout the eastern U.S., south of New York and east of
west Texas. The latter is one of the more significant native species in terms
of ability to disperse cattle dung. The number of D. carolinus typically found
in one field was estimated as capable of burying 21 pounds of air dried dung
while excavating 126 pounds of soil (Linquist, 1933). This species has been
identified most frequently in late spring and early summer as well as in
September and October (Woodruff, 1973).

Nine species of the genus Copris occur in the U.S., i.e. C. fricator, C.
minutus and C. inemarginatus are commonly found in cow dung throughout
their geographical regions of distribution (Ratcliffe, 1991; Woodruff, 1973).
Although usually associated with dung, adults will also utilize carrion. The
first two species mentioned above occur broadly throughout the eastern
U.S., south of Maine and east of Texas while the latter has been identified
only in Florida. Temporally, adults have been collected mostly in late spring
and early summer but also in other months in smaller numbers in the more
southern reaches of their habitat.

Nine species of the genus Phanaeus occur in the U.S. and four of these, i.e.
P. difformis, P. igneus, P. triangularis and P. vindex are commonly found in
cow dung. The last mentioned species is distributed broadly across the
eastern U.S. from Massachusetts south through Florida and west to west
Texas, Oklahoma and Kansas (Blume and Aga, 1978). P. igneus occurs
most frequently along the eastern seaboard from Virginia to Louisania
(Woodruff, 1973). P. difformis occurs throughout much of Texas, Oklahoma
and Kansas. P. triangularis occurs sporadically in the southeastern U.S.
with more abundant populations in west Texas and southern Arizona. All
Phanaeus species are notable dung buriers but none appear to be
dependant upon cow dung, and rather seem to prefer dung from humans,
dogs or pigs (Blume and Aga, 1978). Numbers of adult Phanaeus spp.
trapped in southern Georgia on various days between mid July and mid
October were compared with temperature and precipitation. Few beetles
were trapped in July, probably because June was dry and egg hatching and
larval development was prevented. Beetles were trapped in high numbers in
late August and late September, probably because of rain in late July and
early September that permitted eggs to hatch and larvae to develop
(Stewart, 1967).

The tribe Onthophagini is represented in the U.S. by only one genus,
Onthophagus and by approximately 39 species. Most are coprophagous,
but additionally, adults consume fungi, carrion and decaying vegetable
matter (Woodruff, 1973). A number of species have been commonly
observed in cow dung but it has not been determined whether any species,
including those more recently introduced into the U.S. (O. gazella, O. taurus,
O. depressus), feed exclusively on bovine dung. Several species of
Onthophagus are found throughout much of the U.S. such as O. hecate and
O. pennsylvanicus. Others such as O. knausiand O. orpheus as well as O.
pseudorpheus are found in the central U.S.; species such as O. striatulus
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floridanus and O. depressus are known only from a single region (Florida,
Georgia).

The introduction of dung beetle species native to southern Europe, southern
Africa or the Indian subcontinent of Asia that bury significant quantities of
cattle dung for use as a larval food source has been recommended for
dispersal of pasture dung pats (Marsh and Campling, 1970), for improving
pastures by accelerating nutrient recycling, for improving soil stability and
permeability (Anderson and Loomis, 1978) and for controlling pestiferous
flies (Fincher, 1981). Fincher (1990) points out that although there are many
native species of dung-burying scarabs associated with cattle dung, there
are very few species that can bury significant amounts of dung from a
cowpat within a few days after deposit. Since the early 1970s, a number of
“exotic species of dung beetles have been released in the United States.
The species of beetles and states where establishment has been reported
are listed in Table 1. From this, it is apparent that exotic species have
become established within the region encompassing the southeastern
states, the southcentral states of Texas and Oklahoma and the southwest
including southern California. A number of introduced species are also
present in Hawaii. Wider movement appears to be limited because the
beetles are intolerant to soil temperature and soil moisture extremes.

O. gazella, an introduced species native to Africa, is found predominantly in
open grassland on sandy soil. It undergoes several breeding cycles per
year and is ranked as the most efficient producer of offspring among the
Onthophagini (Bornemissza, 1970; Blume and Aga, 1978). This species
was introduced into Hawaii in 1970 (Bornemissza, 1970) and subsequently
into the southern and western states Texas, California, Georgia, Arkansas
and Mississippi beginning in 1972 (reviewed by Fincher et. al, 1983). This
species was observed to efficiently bury cow dung (Bornemissza, 1970) and
its introduction was aimed at enhancing utilization of grazing pastures by
controlling dung fouling and breeding of dung dependant nuissance flies. O.
taurus, a related species accidently introduced into Florida, was hoped to
accomplish the same in southeastern states (Fincher and Woodruff, 1975).
By 1983 a survey showed rapid spread of both species east and west from
points of introduction. For instance, following Texas introductions, O.
gazella spread 12-32 km 1-2 years after release and four years after release
was present in all 18 counties south of the release area. After three more
years, beetles were found south of the Rio Grande River (Fincher et. al.,
1983). For O. taurus, surveys conducted 4-6 years after it was initially
observed in the Florida panhandle revealed beetle migration north through
Georgia to the Tennessee border, northeast to the North Carolina border
and northwest to Mississippi and Alabama (Fincher et. al, 1983). The most
recent surveys published in 1986 and 1990 indicate that O. gazella is now
present from southern California through Arizona, New Mexico, Oklahoma
and Texas and east to Florida and north to Georgia (Fincher, 1986; Fincher,
1990). O. taurus has spread west to mid Louisiana and north and east to
Tennessee and North Carolina (Fincher et. al., 1983).
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The seasonal distribution of dung feeding scarabs was monitored monthly
over two years in two niches (open pasture and wooded pasture) in central
Texas (Fincher et. al., 1986). In both habitats, adult Onthophagus spp. i. e.
O. medorensis, O. tubercu//frons, O. gazella, O. oklahomensis and O.
pennsylvanicus emerged beginning in March and peak numbers were
observed in March (O. tuberculifrons) or May-September (others). This
occurred in a year (1979) when temperatures and rainfall during early spring
were considered normal. When early spring was abnormally cold (1980)
adults did not emerge until July and peaks occurred from July to October. In
a second survey conducted in 1980, adult O. gazella were not observed until
September and October in west Texas (Schmidt, 1983). O. gazella has also
been observed in June and July in southern Oklahoma, in October in
southern Arkansas, and in August in Alabama, Georgia and Florida (Hunter
and Fincher, 1985). O. taurus and O. depressus have been captured from
March-October in Florida (Fincher and Woodruff, 1975; Woodrutf, 1973).

The tribe Oniticellini is represented in the U.S. by 2-3 genera, each
consisting of one species. The tribe appears to be closely related to the
Onthophagini, particularly in their paracoprid nesting behavior. Oniticellus
(Liatongus) imilitaris and O. cinctus are native to South Africa and Sri Lanka,
respectively, and were introduced into Hawaii (Fincher, 1986). Probably the
most important species from this tribe is Euoniticellus intermedius, a species
native to Africa and introduced into California and Texas to further assist in
control of dung breeding pest flies and for dispersal of dung pats on pasture
(Blume, 1984; Fincher, 1990). E. intermedius was introduced to compliment
the cattle dung dispersing activities of O. gazella. The former is diurnal and
the latter is nocturnal. E. intermedius is able to feed and oviposit under
conditions of low soil moisture as would often be the case during the
daylight hours in central Texas from May-June and September when beetles
are active and breeding (Blume, 1984).

The tribe Onitini is represented in the U.S. by a single species, Onitis alexis.
This large species is native to the arid Sahel region of Africa and was
deemed a suitable candidate for introduction into arid pasture lands of the
southwest and southern California. Adults are large (25 mm) and robust and
considered extremely efficient at dung burial, since a single pair are capable
of burying one quarter of a cow dung pat (Halffter and Edmonds, 1982). O.
alexis is active during the drier, warmer months, i.e. June-September. Each
female constructs 2-3 nests in her lifetime, each containing about 50 eggs.

Conclusions: Information provided in this section supports the conclusion
that species of dung beetles native to the U.S. will not be threatened by use
of doramectin in pastured cattle, and therefore need not be included in the
hazard assessment that will follow. This is principally because native
species do not appear to be dependant upon cattle dung as an exclusive
food source. Moreover, the habitat of many native species is widespread
and includes regions of the country with relatively few pastured cattle, e.g.
the northeastern states. Also, the breeding period of most native species
extends from Spring through Fall and is not necessarily limited nor
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coincidental with periods of high drug use. Taken collectively, considerable
segments of the native population would not encounter residues and
attendant survival risks because they either do not feed on cattle dung or
their reproductive period includes times of the year when fewer cattle are -

“excreting residues. Beetle populations not exposed to residues would
compensate for any decrease in reproductive potential among native
populations feeding on dung from treated cattle.

Conversely, introduced (exotic) dung beetles, on the other hand, could be at
risk because they appear to be dependant on cattle dung; however, it is not
clear that this point has been thoroughly investigated. The hazard
assessment to follow will focus on regions of the country where introduced
beetles are documented to be present and where significant numbers of
pastured cattle reside, i.e. the southern U.S. Hawaii was excluded because
it does not contain significant numbers of pastured cattle, although it does
contain introduced beetle species. Likewise, other regions of the U.S.
mainland were excluded even where cattle populations are high because
introduced dung beetles are not present.

Potential Effects of Doramectin Treatment on Dung Degradation:
Concern has been raised, i.e. Strong, 1992, that treatment of cattle with
avermectins (such as doramectin) might delay the degradation of dung pats
on pasture due to the insecticidal activity of residues excreted in dung.
Although treatment of pastured cattle with doramectin showed no effect on
rate of dung pat degradation (Appendices c¢-16 and c¢-17), it may not be
possible to extrapolate results from the site of these studies to other parts of
the country or to more extended pasture areas. To provide a broader
perspective, literature describing effects of avermectins on dung fauna and
dung degradation has been reviewed. This information will be considered in
relationship to exposure to doramectin residues in a hazard assessment
(Section 8.C.4).
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TABLE 1. Species of Exotic Dung Beetles Known to be Established in the U.S.

State

California

Hawaii

Texas

Georgia

Louisiana

Florida

Mississippi

Alabama

Oklahoma
Arkansas
Arizona
New Mexico

South Carolina

Species

Onitis alexis
Onthophagus taurus
Onthophagus gazella
Euoniticellus intermedius

Onthophagus gazella
Canthon humectus
Copris incertus
Onthophagus incensus
Onthophgagus sagittarius
Onthophagus binodis
Onthophagus nigriventris
Liatongus militaris
Oniticellus cinctus

Onitis alexis

Onthophagus gazella
Euoniticellus intermidius

Onthophagus gazella
Onthophagus taurus
Onthophagus depressus

Onthophagus gazella
Onthophagus taurus

Onthophagus taurus
Onthophagus gazella
Onthophagus depressus

Onthophagus taurus
Onthophagus gazella

Onthophagus taurus
Onthophagus gazella

Onthophagus gazella
Onthophagus gazella
Onthophagus gazella
Onthophagus gazella

Onthophagus taurus

G\PROJPC\UKE79940\INJCYOBENVIRINADAEA.DOC 55

Reference

Anderson & Loomis, 1978
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Fincher, 1986
Fincher, 1986
Fincher, 1986
Fincher, 1986
Fincher, 1986
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The first study to examine the possibility of a relationship between the
insecticidal activity of avermectins excreted in dung and rate of dung pat
degradation was conducted in west Texas in 1980 (Schmidt, 1983). The
study compared cattle treated intramuscularly with ivermectin at 200 pg/kg to
nontreated cattle and was conducted in September and October when adult
O. gazella were active in the region. Based on emergence of adults from
dung pats, several groups of non-targeted insects were greatly reduced in
numbers including Sphaeroceridae, Sepsidae, Gymnodia spp. and parasitic
wasps. Beetles were observed to be equally numerous in pats from treated
and untreated cattle. Dung pats artificially formed from bulk dung collected
from treated and non-treated cattle appeared to disintegrate at the same
rate, based on visual inspection of the pats.

A number of studies were conducted in Europe, Africa and Australia after
workers in the UK (Wall and Strong, 1987) reported that the dung from
calves administered an experimental ivermectin slow release bolus would
not support the development of some dung breeding arthropods and
degraded at a much slower rate than pats formed from the dung of
nonmedicated calves. In this study, pats formed from bulk dung collected
every 10-20 days after placement of the boluses showed major differences
in numbers of Coleoptera and Diptera larvae and adults compared to
controls through 100 days. By this time, control pats had largely
disintegrated, but pats from treated cattle were largely intact, based on
relative differences in wet weight of the pats. The same authors published a
later article (Strong and Wall, 1988) describing an additional segment of the
above study. Pats formed from bulk dung containing ivermectin added at
0.5, 0.25 and 0.125 ppm were placed on pasture and subsequently
examined for dung inhabiting arthropods. After 33 days on pasture, equal
numbers of Scarabaeidae larvae were collected from nonmedicated pats
and those containing 0.125 ppm ivermectin; no larvae were found in pats
containing 0.25 or 0.5 ppm drug. After 70 and 121 days on pasture, all pats
including nonmedicated controls were almost devoid of insects except for
dipteran pupae.

Other studies conducted in the UK include those of Scottish workers who
surveyed invertebrates found in formed pats which were placed on pasture
after addition of ivermectin at concentrations of 2, 1 and 0.5 ppm compared
with no medication (McCracken and Foster, 1993). Pats containing all
concentrations of ivermectin markedly reduced fly larvae, e.g. Muscidae, but
had little effect upon adult Aphodius beetles (five species) and unspeciated
Aphodius larvae.

Two studies conducted in 1987, one near London (Jacobs et. al., 1988) and
the other near Glasgow (McKeand et. al., 1988) and a third study conducted
over two grazing seasons (1988, 1989) near Southampton (Wratten et. al.,
1993) measured the disintegration of natural fecal pats in continuously
grazed paddocks. Groups of cattle received either no medication or
ivermectin pour-on at 500 pg/kg or ivermectin subcutaneous injection at 200
ug/kg after 3, 8 and 13 weeks on pasture. This is a regimen often
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recommended in the UK for anthelmintic prophylaxis. In the third study, an
additional group was administered an ivermectin bolus that delivered 50-80

ng/kg/day for 90 days (first year) and 45-80 pg/kg/day for 120 days (second
year).

In the first study, pour-on dosing began in May and calves grazed the same
paddocks until October. The following March, after removing sheep that had
grazed the pasture over the winter, paddocks were systematically searched

-for cow dung pats. No pats were found where nonmedicated or ivermectin
treated calves had grazed, although evidence existed of former dung pats.
In the second study, cattle also received ivermectin pour-on formulation
beginning in April. No differences in degradation rates were observed,
based on diameter, depth and wet weight of dung pats over a nine week
observation period beginning one week after administration of the third dose
in June.

The objective of the third study mentioned was to evaluate the impact of
ivermectin use on dung degradation and pasture quality. Several of the
conclusions reached by the authors have been challenged by other workers
(Holter et. al., 1994), i.e. criteria employed in measuring dung pat
disappearance, organic content of paddock soil and earthworm numbers.
Accepting these points of criticism and focusing only upon results at the
whole paddock level, ivermectin treatment did not appear to adversely
impact on pasture utilization because there was no evidence of dung build
up in the pasture and no evidence that the pasture had to be selectively
grazed to avoid rank forage.

In a study conducted in May 1993 near Bristol (Strong and Wall, 1994) , the
number of insects colonizing formed pats constructed of dung from
nonmedicated cattle were compared to pats from cattle injected once with
ivermectin or moxidectin at 200 ug/kg. Treatment had no effect on pat
colonization by adult aphodid beetles or upon egg laying. However, dung
from ivermectin treated cattle inhibited larval development of aphodid
beetles and cyclorrhaphous dipteran flies for 7-14 days after treatment,
respectively. Moxidectin treatment had no effect on insect larval
development.

In Denmark, the insect colonization and/or disintegration of formed dung
pats was investigated (Madsen et. al., 1988 and 1990). Pats were formed
from bulk dung collected from cattle following subcutaneous administration
of ivermectin at 200 ng/kg. Larvae of aphodian beetles were inhibited by
dung collected one day after treatment while pupae and larvae of dipteran
nematocera and cyclorrhapha were inhibited for 1-10 days and 30 days,
respectively, after treatment. In both studies, pats formed from dung
collected one day after injection and placed on composted soil in flower pots
or on pasture degraded more slowly than controls, based on visual
observations or decreases in percent organic matter. Pats formed 20 days
after injection also degraded more slowly based on the latter criteria but not
pats collected 30 days post dose.
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Similar results were obtained in another Danish study in which cattle

- received ivermectin by subcutaneous injection at 200 pg/kg or via the pour-
on formulation at 500 pg/kg (Sommer et. al., 1992). As before, larvae of
aphodian beetles were inhibited by dung collected 1-2 days after treatment
with either formulation. Larval development of nematocerin Diptera were not
inhibited at any time point, but cyclorrhaphian Diptera were inhibited in dung
collected for 13-14 days after administration of the pour-on and for 28-29
days after subcutaneous injection. Rate of degradation of pats formed from
dung collected for one to two days after ivermectin administration was
reduced relative to controls after 45 days on pasture, on the basis of organic
matter remaining in the pats. Similar studies were conducted in Spain with
formed pats to determine the effect of intramuscularly or subcutaneously
administered ivermectin treatment at 200 pg/kg on insect development
(Wardhaugh and Rodriguez-Menendez, 1988; Lumaret et. al., 1993). In the
first mentioned study, feeding larvae of the dipteran fly Orthelia cornicina
were inhibited in dung collected for 32 days post treatment. Ninety percent
of larvae Copris hispanus were inhibited in development in dung collected
three days post dose and 20% were inhibited in dung collected after 16
days. Sublethal effects were noted as a result of adult C. hispanus, B.
bubalus and Onitis belial beetles feeding on dung from recently treated
cattle. Effects included suppressed feeding activity, reduced ovipositing
rates and egg viability. In the second study, larval development of the
dipteran fly, Neomyia cornicina was prevented when exposed to dung
collected 10 days post dose. Development of larval E. fulvus beetles was
prevented by exposure to dung collected 1 but not 10 days post dose;
however, larvae exposed to dung collected 10 days post dose took longer to
develop than beetles exposed to control dung.

In Zimbabwe, a study was conducted in January-March, 1991 during the
rainy season to measure ivermectin effects on dung burial activity and
development of beetles (Sommer et. al., 1993b). Pats formed from dung of
nonmedicated cattle or those treated subcutaneously at 200 pg/kg were
placed on soil or pitfull traps to monitor beetle activity. lvermectin treatment
had no effect on dung burial activity or upon numbers ot brood masses
produced by the dominant species, Diastellopalpus quinquedens. However,
only 28% of larvae developed in pats formed from dung collected two days
after treatment, compared to 90-94% development in pats from dung
collected 8 and 16 days after treatment.

Studies with formed and natural dung pats were conducted in Germany
(Schaper and Liebsich, 1991; Barth et. al., 1993). In the first mentioned
study, development of various larval Diptera (muscids, sepsids,
sphaerocerids) were reduced in pats formed from dung collected from cattle
for several weeks after treatment. Dung was collected weekly beginning
after the second of two injections given at 5 week intervals. Scarabaeidae
(species not differentiated) development was not inhibited, nor was there
any difference in rate of degradation of dung pats between treated and
control groups. The second study monitored insect invasion and rate of
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degradation of natural pats that were voided on pasture 21, 70 and 119
days after cattle were administered ruminal devices that released ivermectin
continuously at a daily rate of 58-71 pg/kg for 120 days. Samples taken at
3, 7, 14 and 28 days after pats were voided revealed statistical reductions in
numbers of coleopteran and dipteran larvae at all time points. Based on
measurement of surface area and organic matter content (as a percentage
of dry weight), pats from control and treated cattle degraded at statistically
equivalent rates, although numerically, pats from ivermectin treated cattle
generally had a larger surface area for the first 60-90 days.

In several studies cited above, the persistence of ivermectin in formed dung
pats was measured by HPLC quantitation. Danish workers (Sommer et. al.,
1992; Sommer and Steffansen, 1993a) formed pats from dung collected 1-2
days after administering the pour-on formulation at 500 pg/kg or
subcutaneously injecting at 200 pg/kg. Pats placed on pasture in Denmark
in August or in Tanzania at the end of the rainy season (May-June) showed
no decrease in residue concentrations after 45 and 14 days, respectively. In
contrast, Spanish workers (Lumaret et. al., 1993) found the mean
concentration of ivermectin in pats formed 2, 4, 7 or 10 days after
subcutaneous injection of cattle at 200 pg/kg to decrease below the level of
detection (20 ng/kg wet weight) within six days. Formed pats were placed
on pasture in southern Spain in the spring during a hot, dry period.

In Western Australia (Ridsdill-Smith, 1988), dung collected from cattle
treated subcutaneously with abamectin at 200 pg/kg was toxic for larvae of
the introduced dung beetle, O. binodis. Inhibition was 100% one week post
dose and approximately 50% at two and four weeks. At eight weeks,
survival of larvae exposed to manure from abamectin-treated cattle was
equivalent to those exposed to manure from cattle treated with levamesole
hydrochloride. Survival of adult beetles was not impacted by abamectin
treatment, but brood ball production was reduced by 70 and 50%, one and
two weeks post dose, respectively, and was normal by four weeks post
dose.

In winter rainfall regions of Australia such as the southern portion of
Western Australia, O. binodis produces two generations per year and the
native species, O. ferox produces one generation (Ridsdill-Smith, 1993).
Breeding initiates in September when temperatures rise and ceases by
November when dung quality deteriorates. This breeding period does not
coincide with times recommended for avermectin treatment of weaned
cattle, but it would coincide with treatment of dairy cattle replacement
heifers. Any impact on beetle abundance would depend on concentration
and duration of residues excreted.

In south-central Australia (Wardhaugh and Mahon, 1991) higher numbers of
adult O. australis and O. pexatus were found in dung from cattle treated
three days and 25 days previously with abamectin (subcutaneously at 200

ng/kg) compared to dung from untreated cattle. An examination of pats
from treated cattle revealed more dung beetle tunneling, suggesting a
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greater degree of dung burial. This suggests that beetles from treated pats
were spending more time in the dung. Moreover, pats formed three days
after treatment and recovered after six weeks of field exposure had
significantly less residual dry weight than untreated pats. Pats from treated
cattle had nearly disintegrated compared to pats from untreated cattle.

Conclusions: Information provided in this section reveals that larval
development of dung dependant dipteran and coleopteran species is
impacted to varying degrees by avermectin treatment of cattle. Studies in
which dung was collected following avermectin treatment, formed into
artificial pats and placed on pasture for insect colonization were useful in
determining the relative sensitivity of insect groups to avermectins and the
duration of insecticidal activity exerted by various drug formulations. In
general, larval development of cyclorrhaphan diptera was inhibited for the
longest period of time followed by nematoceran diptera, scarabaeinan
beetles and finally aphodian beetles. Studies in which known
concentrations of ivermectin were added to formed pats provided only
limited additional information. For example, ivermectin concentrations
between 0.5-2 ppm had no effect on aphodids but markedly reduced fly
larvae. In another study, scarabaeidan larvae (presumably aphodids) were
unaffected by 0.125 ppm ivermectin, while larval development was inhibited
by 0.25 and 0.5 ppm drug. Where two or more dosage forms were
compared in the same study, the bolus inhibited development for the longest
period of time followed by the injectable formulation. The pour-on
formulation was the least inhibitive. The persistence of avermectin in dung
pats appears to be influenced by climate with drug disappearing most rapidly
under hot, dry conditions. Since insects colonize pats immediately after
defecation and find them much less attractive after 1-2 days, drug
persistence probably has little impact on pat colonization except for beetle
species that have been observed to preferentially colonize dung from
avermectin treated cattle.

Studies to determine if avermectins impact rate of dung pat degradation
have not yielded consistent results probably because the design of studies
has varied considerably and measured variables have not been
standardized. Of six studies that monitored breakdown of natural dung pats
or those formed from bulk dung, three studies showed that avermectin
treatment resulted in an effect while three did not. Authors have pointed out
that several criteria employed to quantitate parameters were not sensitive
enough to readidly distinguish differences in pat sizes between different
treatment groups. For example, in studies conducted with natural pats,
detecting significant differences in surface areas between treatment groups
is difficult because of their irregular shape and the large standard error
attendant in computing surface areas. Also, measurement of dry weight of
dung organic matter is preferable to measurement of total dry weight of
dung because mineral soil, which is heavy, may be added to the latter by
earthworms. Interestingly, the authors who originally called attention to this
phenomena (Wall and Strong, 1987), simply photographed dung pats and
measured their wet weight.
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Three studies have been conducted to monitor degradation under conditions
that simulate normal grazing practices. Over one or two seasons, no delay
in rate of dung degradation was noted nor was there a buildup of dung in
the paddocks nor ungrazed forage due to fouling of pastures. Thus, under
conditions approximating the normal grazing environment, treatment of
cattle with avermectins does not appear to lead to accumulation of dung in
pasture.

Hazard Assessment: This section considers whether or not the use of
doramectin in pastured cattle threatens exotic dung beetles that have been
introduced into the southern United States. The assessment considers
information provided in previous sections as follows: 1) the toxicity of
doramectin for dung beetles, specifically, the ECs, and ECgp 0f doramectin
for the introduced species, O. gazella (Section 8.A.5), 2) the excretion of
doramectin by cattle (Section 6.C.2), 3) the ecology of dung beetles (Section
8.C.1b), 4) the spatial and temporal introduction of doramectin residues into
the southern U.S., regionally and locally (Section 6.C.6b).

When adult pairs of O. gazella were exposed to fresh cattle feces containing
measured concentrations of doramectin, the number of viable progeny were
reduced compared to nonmedicated controls at concentrations of 16 ppb or
higher. At concentrations of 4 ppb and less, progeny were not reduced
compared to controls. The ECs, and ECg were calculated to be
approximately 12.5 and 38.2 ppb, respectively. In a similar experiment
(Doherty et. al., 1994), O. gazella progeny were reduced by 40% and by
95%, respectively, by abamectin incorporated in dung at concentrations of
4-8 ppb. In contrast, moxidectin reduced progeny only when incorporated
into dung at concentrations in excess of 250 ppb.

When doramectin was administered to cattle subcutaneously, nearly 90% of
the total dose of 200 ng/kg was eliminated in feces within 14 days. By day
14 unchanged drug in feces averaged 133 ng/g, which exceeds the ECy, for
O. gazella and suggests that larval development would be inhibited in dung
pats voided in pastures over this time. Similar results were obtained with
ivermectin (Roncalli, 1989) where O. gazelia larvae failed to develop in dung
pats voided on pastures by cattle treated subcutaneously at 300 pg/kg 7 and
14 days earlier but not after 21, 28 or 35 days.

Many species of dung beetle native to the U.S. were precluded from the
hazard assessment because they do not utilize cattle feces as a food source
to any significant extent and, therefore, would not be exposed to drug. This
would include most members of the subfamily Aphodiinae and nearly all
Geotrupinae. Among the former, only the group of 11-12 accidentally
introduced Aphodius spp. are commonly found in cow dung. However,
these species would not be threatened because they are very broadly
distributed throughout the U.S. including regions such as the northeast
where only modest numbers of beef cattle are reared. If local beetle
populations were disrupted, their rapid spreading rate (as recently
documented by Lobo, 1994) would ensure repopulation of depleted areas.
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Moreover, pasture studies to date suggest that aphodids are not very
sensitive to doramectin (Appendix c-16) or to ivermectin (Madsen et. al.,
1988 and 1990; Strong and Wall, 1994; Sommer et. al., 1992). For
example, dung collected from cattle treated 4 days earlier with doramectin
had no effect on numbers of adults or larvae. Dung collected from cattle
treated with ivermectin inhibited larval development for only 1-2 days except
for one study where inhibition for 1-2 weeks was reported.

In the subfamily Geotrupinae, 5 Geotrupes spp. are associated with cattle
dung (Fincher, 1990) but none are dependant upon it as an exclusive food
source (Hanski, 1991) and, therefore, would not be threatened by use of
doramectin in beef cattle. Moreover, geotrupid species found most
frequently in regions supporting large populations of pasture cattle breed
most months of the year (January-November), including periods when fewer
cattle would be treated.

Approximately 10 genera of the subfamily Scarabaeinae native to the U.S.,
and representing 3 tribes (Scarabaeini, Coprini and Onthophagini), have
been associated with cow dung (Fincher, 1990). However, none would
appear to be threatened by use of doramectin because alternative food
sources are readily available, e.g. dung from large livestock such as horse in
the case of Scarabaeini and a variety of mammals including rats, dogs, cats
and pigs in the cases of the others. Breeding has been observed during all
seasons, including winter, except in the northern most niches. Therefore,
any reduction in populations during periods of more frequent drug use
should be offset by reproduction during periods when drug use is less
frequent, i.e. summer months. Moreover, when the density of egg laying
adults in dung pats is reduced, beetles compensate by producing more
brood balls per pat, resulting in more progeny (Fincher, 1994).

Further discussion will focus on introduced species of beetles which could
be at risk because they appear to be dependant upon cattle dung. With the
exception of Hawaii, they have been documented only from the southern
states. This region contains a large beet cattle population which serves as a
source of dung for beetles and also a target for treatment with doramectin.

The southwest survey area contains 3 of the top cattle producing states
(Texas, Oklahoma, Arkansas), collectively accounting for 25% of the total
U.S. population. The southeast survey area contains 2 of the top cattle
producing states (Florida, Alabama) which collectively accounts for 6% of
the total U.S. population. Survey information was collected quarterly and
monthly on a regional basis and daily on a local basis to understand the
spatial and temporal use of ivermectin which serves as a proxy for
doramectin usage.

The regional survey indicated that from 1992-1994, no more than 20-25% of
the total pastured cattle population were treated with ivermectin per quarter
in the southeastern or southwestern regions, respectively. Viewed
conversely, 75-80% of the total population from both regions were untreated
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in any given quarter. Amongst ivermectin treated cattle in the southwest
region, 25-30% were dosed in either the second or fourth quarters.
Temporal distribution was more erratic in the southeast; nevertheless, the
largest percentage of treatments were administered in the second quarter. -
When treatments were broken out according to one of three weight classes
(breeding herd, replacement heifers, stockers), the southwest region
showed peak treatments for each weight class in the second and fourth
quarters. In the southeast, the breeding herd was treated mainly in the
second quarter, replacement heifers in the fourth quarter and stockers in the
third quarter. When combined, the treatment peak for each weight class
resulted in a flatter distribution of total treatments. The monthly tracking

" survey conducted in 1991 across the entire southern U.S. revealed that over
40% of the total doses were administered in the spring quarter and over
30% in the fall quarter. Most doses were administered in the months of May
and October (16% each).

An additional survey was conducted in one Texas and two Florida counties
with high beef cow populations to profile temporal drug use at the local level.
Specifically, the survey utilized sales records during the March-May and
September-November periods to profile treatment patterns among clients
from individual veterinary practices and to assess the liklihood that adjacent
herds would be treated simultaneously. Practicing and extension
veterinarians were also interviewed to further confirm treatment practices.

Sales information and interview comments were in good agreement and
confirmed that March-May and September-November were not only
seasonal peaks for numbers of cow-calf pairs but also the periods of most
frequent ivermectin use. Comments indicated that most operators
simultaneously treated most cows and many calves. An entire herd would
usually be treated in one week or less (200-250 cattle per day). Recognizing
that the county survey tracked purchase rather than use, it is nevertheless
reasonable to assume that drug was administered soon after purchase.
Therefore, sales figures and veterinarian comments indicate that cattle were
treated throughout the entire 3 month period, strongly suggesting that in a
limited geographic region such as a county, individual herds would be
treated in a randomized fashion rather than a number of adjacent herds
treated all at once. Reasons for a more randomized treatment pattern
tended to center on scheduling issues such as availability of labor, the need
to work around other farming and non-farming tasks and delays caused by
adverse weather.

Based on information presented earlier, it is reasonable to assume that dung
in pastures voided by treated cattle would be unsuitable for beetle
development for 2 weeks post dose. Pastures containing dung with
residues would likely be scattered randomly throughout the county rather
then concentrated within a contiguous area. Since beetles visit and utilize
only freshly voided dung (Fincher, 1981), pats containing residue which
were voided earlier would not be a threat to beetle survival. Even if such
pats did not readily degrade, they would not be a threat to beetles nor to
pasture utilization because they would be finite in number.
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Periods of peak ivermectin usage during March-May do not coincide with
periods of peak reproductive activity among exotic beetles introduced in
Texas. Surveys cited earlier indicated that O. gazella is active in central and
east Texas in May-September when spring rainfall is normal and July-
September in a drier year (Fincher et. al., 1986). In west Texas, this species
was reported to be active in September-October (Schmidt, 1983). E.
intermedius, another introduced species, was observed in central Texas in
May-June and in September (Blume, 1984).

In Florida, the introduced species O. taurus and O. depressus are active and
reproducing from March-October (Fincher and Woodruff, 1975; Woodruf,
1973). O. gazella has been observed in Florida in August and is probably
active and reproducing through October (Hunter and Fincher, 1985).
Therefore, the breeding season for introduced beetles only partially overlaps
periods in which ivermectin is used more frequently, i.e. March-May in
central Florida and September-November in southern Florida. However,
from June-September, when beetles are reproducing, ivermectin monthly
use averages only 3-6% of the yearly total, indicating that most pastures
would not contain drug residues.

About one-half of the studies conducted in the U.S., Europe and Africa to
assess impact of avermectin treatment on rate of dung pat degradation
showed that degradation of pats from treated cattle was significantly
delayed. In studies where effects on degradation were observed, pats were
fenced off from cattle and other vertebrates to prevent trampling or
disruption by foraging activities. Studies that simulated normal pasturing
practices where vertebrates were not separate from dung pats showed no
accumulation of dung on pasture, suggesting that pat disruption leads to
dung dispersion.

Nevertheless, there may be pasturing situations where pats are dropped in
less accessable areas and, therefore, remain largely undisturbed, e.g.
woodland pastures. In these cases, dung dispensing insects may be absent
from pats dropped by treated cattle for 2-3 weeks post dose.

Overall conclusions: Dung pats dropped by cattle for 2 weeks after
doramectin treatment likely contain sufficient drug to prevent development of
some species of dung beetles. Under certain conditions, the dung pats may
also require significantly longer periods of time to degrade. However, many
factors appear to be involved in dung degradation and under conditions that
simulate actual pasture use, avermectins including doramectin have not
been shown to adversly impact grazing efficiency of pasture.

It appears unlikely that native dung beetles would be adversely impacted by
use of doramectin. Many species simply do not utilize cattle dung as a food
source, or if they do, they also utilize other sources of dung. Some species
of dung beetles e.g. aphodids do not appear to be very sensitive to
avermectins including doramectin, and if impacted it is only for a few days
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after treatment. Exotic species appear to be more sensitive to avermectins
and also appear to be the most dependant on cattle dung as a sole food
source. In the U.S., these species are found only in Hawaii and the
southern states. In the latter region, they are active and breeding from
approximately May through October, with peaks from June-August. Native
species, in contrast, are often distributed over much larger habitats and tend
to be active and breeding most months of the year except for winter months
in the more northern reaches of their habitats. Dung beetles are winged
insects and are strong fliers. Where they have been tracked, they are
capable of covering considerable distances and have expanded their niches
by 50-80 km per season in Australia (Lee, 1979) and up to 32 km per year in
the U.S. (Fincher ¢t. al., 1983).

Tracking ivermectin use (which serves as a proxy for doramectin use)
revealed that no more than 20-25% of pastured cattle in southern states
where exotic beetles occur are treated per quarter. A monthly maximum of
16% of the number of treatments given yearly are in May and in October.
Treatment of individual herds occurs randomly across each county.
Although each operator treats essentially all cows and many calves, the
probability of simultaneous treatment of a block of adjacent herds is remote.
Therefore, although exotic beetles that ingest dung from cows voided within
2 weeks of treatment may be impacted, sufficient dung from nontreated
cattle is available locally to prevent extinction of the species or even
significant disruption of local populations. Further, breeding activities of
exotic beetles are most prevalent in June-August and during this period drug
use accounts for only 3-6% of total annual usage, thus providing additional
insurance that insect populations would not be unfavorably impacted. Since
drug is excreted for only a finite period after treatment, any pasture with
recently treated cattle will contain only a limited number of fecal pats
containing significant drug residues. Such pats are a threat to beetles for
only a day or two after they are voided because beetles visit only fresh pats.

2.  Aquatic Species

The potential exposure of aquatic organisms to doramectin is expected to be
intermittent, since it depends upon rain runoff from cattie feedlot wastes or
soil fertilized with cattle manure containing drug residues; and short-lived,
since the concentration of doramectin in water would decline as the drug
sorbed to suspended particulates and was degraded by photolysis and
transformed by microorganisms. The maximum estimated concentration of
doramectin in undiluted surface runoff from a cattle feedlot is 0.012 ppb, or
12 ppt, under worst case considerations (Section 7.B.1); such runoff is
directed to retention facilities and therefore not expected to impact on
surface water habitats. The maximum estimated concentration in runoff
from waste-amended soil is 0.011 ppb, or 11 ppt (Section 7.B.3), although
this maximum estimated level would be transient due to the susceptibility of
doramectin residues to microbial degradation. Runoff from waste-amended
soils may enter ponds or streams, where it would be immediately diluted into
the receiving water body. As little as a one-to-ten dilution of the runoff into
the receiving water body would reduce maximum doramectin levels to the 1
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ppt range. Levels of doramectin would be further reduced by the sorption of
any free doramectin to organic matter in the receiving water body, as well as
by photolysis. However, even maximum levels of 1 ppt are not expected to
have untoward effects on non-target aquatic organisms. For the water flea,
Daphnia magna, the aquatic species that was most sensitive to doramectin
of those tested, the NOEC of 25 ppt is significantly greater than the
maximum concentration that might be found in a surface water receiving
body. The desmethyl and 8-a hydroxy analogs of doramectin, the principle
excretion and soil biodegradation metabolites, were also evaluated against
Daphnia magna and were found to be 8 to 11 times less toxic than
doramectin (Appendices ¢-20 and c-21). Finally, the doramectin NOECs for
bluegill sunfish and rainbow trout of 2.3 and 2.5 ppb, respectively, are more
than 2 x 10° times higher than the 1 ppt maximum expected surface aquatic
concentration. In summary, exposure of aquatic organisms to doramectin is
expected to be intermittent and transient, with only very low levels likely to
be found in surface waters due to the tight binding of doramectin to organic
matter, its extremely low water solubility, and its susceptibility to degradation
and to photolysis. Therefore, doramectin use is not expected to impact
aquatic organisms.
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9. USE OF RESOURCES AND ENERGY

Manufacturing doramectin bulk and injectable solution will require amounts of
resources and energy similar to those required to produce and formulate other
fermentation-derived antiparasitics for use in animal health. Disposal of wastes
generated from production will not require use of unusual amounts of energy or
natural resources.

No effects are anticipated upon endangered or threatened species nor upon
properties listed in or eligible for listing in the National Register of Historic Places.

10. MITIGATION MEASURES

The proposed action would not be expected to have any substantial adverse
effect on human health or the environment. The high value of the drug per unit
weight makes it unlikely that significant quantities would be disposed of casually.
Other than the withdrawal time and environmental safety, including instructions for
proper disposal of drug containers which is specified on the label and repeated
below, no mitigation measures are necessary:

Environmental Safety: Studies indicate that when doramectin comes in contact
with the soil, it readily and tightly binds to the soil and becomes inactive over time.
Free doramectin may adversely affect fish and certain waterborne organisms on
which they feed. Do not permit water runoff from feedlots to enter lakes, streams,
or ponds. Do not contaminate water by direct application or by the improper
disposal of drug containers. Dispose of containers in an approved landfill.

11. ALTERNATIVES TO THE PROPOSED ACTION

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

12. LIST OF PREPARERS

The following are all members of the staff of Pfizer Central Research Division:

Daniel P. Brannegan, M.A.

Manager of Environmental Health and Safety

M.A. in Organic Chemistry

8 years experience in laboratory studies; 9 years experience in
present position.

Larry R. Chappel, Ph.D.

Assistant Director
Animal Health Product Development
23 years experience in R&D on animal health drugs.
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Catherine P. Reese, Ph.D.

Principal Research Investigator, Environmental Safety
Animal Health Product Development
11 years experience in R&D on animal health drugs.

The following individuals are members of Pfizer's Animal Health Operations and
International Manufacturing Division:

Richard H. Bartel. B.S., P.E.

Environmental Affairs Supervisor, Lee's Summit plant.
B.S. in Chemical Engineering; 31 years experience in chemical manufacturing
and environmental engineering.

Carol A. Eilers

Laboratory Quality Control, Lee’s Summit plant.
13 years experience in Quality Control

John Landon

Marketing Manager, Anthelmintics

North American Animal Health Division
15 years experience in Market Research
N. Nishimura

Engineering Manager, Nagoya plant
Degree in Chemical Engineering

26 years experience with Pfizer, 4 years as Engineering Manager
Jan Short

Manager, Market Research

North American Animal Health Division
10 years experience in Market Research

The following individual reviewed portions of Section 6.C.6: Dung Beetle Ecology
and Potential Effects of Doramectin Treatment on Dung Degradation:

G. T. Fincher, Ph.D.

Research Entomologist
Food Animal Protection Research Laboratory, USDA, ARS
College Station, TX 77845
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13. CERTIFICATION

The undersigned official certifies that the information presented in this

Environmental Assessment is true, accurate and complete to the best of his
knowledge.

&D’VW W 3,49k

Larry R. Chappel, Ph.D. Date
Assistant Directer

Animal Health Product Development

Pfizer Central Research

Pfizer Inc
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Material Safety Data Sheets
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Groton, Connecticut 06340

Central Research e 1 Ressarch
Expenmental Substance Eastern Polnt Road

Mater ial Safety Data Sheet Emergency Telephone: 203 4414100
May, 1994 - MSDS #0132
[supercedes Sept. 1991] '
Doramectin
{UK-67,994]

SECTION I: PHYSICAL DATA

Appearance: White powder

Melting Point: 165-167°C

Molecular Weight: 899

Description: Doramectin is a broad spectrum antiparasitic agent for cattle and

swine. Doramectin is nearly insoluble in water, but freely soluble
in most polar organic solvents.
Chemical Family: Avermectin/antiparasitic agent for cattle and swine.

SECTION II: FIRE AND EXPLOSION HAZARD

Doramectin should not present a fire hazard. If doramectin is involved in a fire, the latter
may be suppressed with any appropriate extinguishing medium, including water. Care
should be taken to prevent runoff of doramectin contaminated fluids into water sources.

Doramectin is rated as a severe explosion hazard. The minimum explosion concentration
is 0.025 0z/fk3 and the minimum spark ignition energy is 0.40 joules. Doramectin is very
sensitive to electrical ignition. Areas where dust could be generated should contain
explosion relief vents, explosion suppression systems, or an oxygen deficient
environment. All conductive elements of the system should be bonded and grounded.

SECTION IIl: HEALTH HAZARD INFORMATION

Doramectin is orally active against parasites in cattle in doses as low as 200
micrograms/kg. In 90 day safety evaluation studies, the no observed effect level was 0.1
mg/kg/day in dogs. Mydriasis was noted at higher doses, and anorexia, tremors, and
ataxia occurred at 2 mg/kg/day. The no observed effect level in rats after 90 days was 2
mg/kg/day. There was no evidence of mutagenic potential in a'standard battery of tests
for genetic toxicity. In a multi generation study in rats the no effect level was 0.3
mg/kg/day. Doramectin was not teratogenic in rats and mice at levels up to 6.0
mg/kg/day or in rabbits at doses up to 0.75 mg/kg/day. Developmental abnormalities
were seen in the rabbit at 3.0 mg/kg/day - a level that was also maternally toxic. A
related drug is known to produce bl!'th defects in laboratory animals.

Doramectin has been tested for skin and eye irritation and it is not an irritant to intact or
abraded rabbit skin, and is not an ocular irritant to rabbit eyes.

Page 1 of 2

w NOTE: This MSOS I8 based on a review of safety and gy Inf and to the best of our knowledge Is sccurate. No warmanty Is made as to the accuracy of this Information
which is offered solely for your consideration. No statement in this sheet shouid be construed as a recommendation regarding the use of this/these products.
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SECTION IV: FIRST AID INFORMATION

Ingestion: - In the event of mgestlon of doramectin (solid or hquxd solutions), l
summon medical attention immediately.

Inhalation: Personnel who have inhaled doramectin should be removed to fresh
air and observed by medical personnel.

Skin/Eye Contact: Skin contacted with doramectin should be washed thoroughly with

water. Contaminated clothing should be removed. If any effects are
observed, medical attention should be sought.

SECTION V: REACTIVITY DATA

Bulk doramectin is light sensitive and should be stored in the dark. Stability is enhanced
by storage below 4°C. The material is moderately stable under acidic or basic conditions
and generally strong acid/base conditions are required for appreciable decomposition.

SECTION VI: SPILL OR LEAK PROCEDURE

Spills of doramectin should be collected (scooped or swept) into appropriate recovery
containers. Personnel involved in clean-up of spills, particularly solids, must wear
respiratory protections, gloves and eye protection. Spills and liquids contaminated with
doramectin should not be flushed into collection systems which lead to fresh or salt water
sources.

SECTION VII: PRECAUTIONARY INFORMATION

When handling doramectin, normal protective measures which minimize personnel
exposure should be employed. Gloves, respiratory protection, eye protection, and
appropriate clothing should be worn when handling doramectin. Wear gloves and eye
protection when handling the material in a fume hood.

issued by: D. P. Brannegan

Vir : Studies indicate that when doramectin comes in contact with the soil, it
readily and tightly binds to the soil and becomes inactive over time. Free doramectin may
adversely affect fish and certain waterbome organisms on which they feed. Do not permit
water runoff from feedlots to enter lakes, streams, or ponds. Do not contaminate water by
direct application or by the improper disposal of drug containers. Dispose of containers in an
approved landfill. .

Page 2 of 2

a NOTE: This MSDS Is based on a review of avaliable safety and toxicology information, anc to the best of our knowledge Is accurate. No warranty is made as to the accurscy of this information
which s offered solely for your conslderation. No statement In this sheet should be construed as a recommendation regarding the use of this/thess products.

GPUK67994:08ENVIR .BH4 INJ C NADA APX 77 3-Mar-96 ~



Pfizer Inc

Central Research Ceoentral Hesearch
. 3 1 Eastern Polnt Road
Exper}mental Substance Sastern Point Road
- Mater 1al Safety Data Sheet Emergency Telephone: 203 4414100
May, 1994 . MSDS #0175
[supercedes May, 1992)
DECTOMAX ® Injectable

(Doramectin 1.0%, UK-67,994)

SECTIONI: PHYSICAL DATA

Appearance: Amber oil
Composition: Solution of Doramectin, 10 mg/ml in 25% ethyloleate and 75%
sesame oil, 0.25% phenol. Doramectin is nearly insoluble in water,
» but freely soluble in most polar organic solvents.
Chemical family:  Avermectin/antiparasitic agent for cattle and swine.

SECTIONII: FIRE AND EXPLOSION HAZARD

Injectable doramectin 10 mg/ml should not present a fire hazard. If Injectable
doramectin 10 mg/mL is involved in a fire, the latter may be suppressed with any
appropriate extinguishing medium, including water. Care should be taken to prevent
runoff of doramectin contaminated fluids into water sources.

Injectable doramectin 10 mg/ml should be handled in a manner which prevents exposure
to heat sources and open flames. Standard precautions to minimize static charge buildup
should be employed.

SECTION L HEALTH HAZARD INFORMATION

Doramectin is orally active against parasitics in cattle in doses as low as 200
micrograms/kg. In 90 day safety evaluation studies, the no observed effect level was 0.1
mg/kg/day in dogs. Mydriasis was noted at higher doses, and anorexia, tremors, and
ataxia occurred at 2 mg/kg/day. The no observed effect level in rats after 90 days was 2
mg/kg/day. There was no evidence of mutagenic potential in a standard battery of tests
for genetic toxicity. In a multi generation study in rats the no effect level was 0.3
mg/kg/day. Doramectin was no teratogenic in rats and mice at levels up to 6.0
mg/kg/day or in rabbits at doses up to 0.75 mg/kg/day. Developmental abnormalities
were seen in the rabbit at 3.0 mg/kg/day - a level that was also maternally toxic. A
related drug is known to produce birth defects in laboratory animals.

Doramectin has been tested for skin and eye irritation and it is not an irritant to intact or
abraded rabbit skin, and is not an ocular irritant to rabbit eyes.

Injectable doramectin 10 mg/ml is a solution of doramectin prepared for direct
administration. As such the health hazards of the injectable formulation are far less
than the bulk active ingredient, doramectin.

a NOTE: This MSOS is basad on a review of avallabie safety and toxlcology information, and to the best of our knowledge is accurste. No warranty ls made as 1o the sccuracy of this information
which Is offered solely for your consideration. No statement in this sheet should be construed as & recommendatlion regarding the use of this/thess products.
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SECTION IV: FIRST AID INFORMATION

Ingestion; In the event of ingestion of Injectable doramectin, 10 mg/ml summon
medical attention immediately.

Inhalation: Personnel who have inhaled mists or fine sprays of Injectable
doramectin 10 mg/ml should be removed to fresh air and observed by
medical personnel.

Skin/Eye Contact: - Skin contacted with Injectable doramectin 10 mg/mL should
immediately be washed thoroughly with water. Contaminated
clothing should be removed. If any effects are observed, medical
attention should be sought.

SECTION V: REACTIVITY DATA

Injectable doramectin 10 mg/ml is light sensitive and is packaged in amber bottles.
Stability is enhanced by storage below 4°C. The material is moderately stable under
acidic or basic conditions and generally strong acid/base conditions are requxred for
appreciable decomposition.

SECTION VI: SPILL OR LEAK PROCEDURE

Spills of Injectable doramectin 10 mg/ml should be collected (use of absorbent materials)

.into appropriate recovery containers. Personnel involved in clean-up of skills, should
wear respiratory protection, gloves and eye protection. Spills and liquids contaminated
with Injectable doramectin 10 mg/ml should not be flushed into collection systems which
lead to fresh or salt water sources. All wastes from spills and cleanup of Injectable
doramectin 10 mg/ml should be disposed of by incineration.

SECTION VII: PRECAUTIONARY INFORMATION

When handling Injectable doramectin 10 mg/ml normal protective measures which
minimize personnel exposure should be employed. Gloves, eye protection, and
appropriate clothing should be worn when handling Injectable doramectin 10 mg/ml.

Environmental Safety: Studies indicate that when doramectin comes in contact with the
soil, it readily and tightly binds to the soil and becomes inactive over time. Free
doramectin may adversely affect fish and certain waterborne organisms on which they
feed. Do not permit water runoff from feedlots to enter lakes, streams, or ponds. Do not
contaminate water by direct application or by the improper disposal of drug containers.
Dispose of containers in an approved landfill.

issued by: D. P. Brannegan

NOTE: This MSOS Is based 0n a review of availabie safety and toxicology Infoanation, and to the best of our knowledge Is accurate. No wastanty is made as to the sccuracy of this Information
which ia offered sotely for your consideration. No statement In this sheet should be construed as a recommendation regarding the use of this/these products.
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