
071 360 
NOMECO Premix  (ivermectin) Type A Medicated  Article 

for  Swine 

Environmental Assessment 

1. Date: July 15, 1991 

2. Name  of  applicant/petitioner: Merck 8z Co., Inc. 

3. Address: P.O. Box 2000 
Rahway, NJ  07065 

4. Description  of  the  proposed action: 

A. Requested  action 

Merck 8z Co., Inc. is requesting  approval for the use of 
ivermectin as a Type A Medicated Article for the treatment 
and control of endo- and  ectoparasites in swine  through 
medicated feed. Ivermectin will be administered in feed  for 
seven consecutive days. A five-day withdrawal period is 
required for this use. The treatment regimen will usually 
involve administration  to grower pigs upon entry into feedlot 
facilities. Two treatments may be used in some cases  through 
the growout period, It is unlikely that more than two 
treatments will be administered before swine are marketed. 
The product is designed for use in growing pigs and is not 
recommended for use in swine weighing more than 220 
pounds. 

B. Need  for  the  action 

Ivermectin Type A Medicated Article is a treatment for the 
control of endo- and ectoparasites of swine. The cost of 
parasitism, in terms of morbidity and  resultant depression of 
growth and feed  efficiency, has long been recognized as a 
significant factor in the economical production of swine. The 
swine industry suffers intensive economic losses due to both 
internal and  external  parasites. These losses have been 
primarily attributed to the loss in feed  efficiency due to 
internal  parasites  and to the interruption of feeding habits 
caused by external  parasite  infestation. 
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IVOMECXO Premix (ivermectin) Type A Medicated Article for 
Swine is mixed in feed to a concentration of 2 ppm  and fed 
for 7 consecutive days for the treatment  and control of endo- 
and ectoparasites. The use of this product will reduce the 
economic loss to the swine industry  caused by internal and 
external parasites. 

C. Location  where  the  products will be produced  and 
types of environments  adjacent to those locations 

Avermectin is manufactured in the MCMD facility of Merck 
& Co., Inc., in Danville, Pennsylvania  and. converted to 
ivermectin in the MSD facility at Barceloneta, Puerto Rico. 
Formulation will be  manufactured and packaged in the facility 
of  MSD  AGVET, Inc., in Barceloneta, Puerto Rico and the 
MSD  B.V. Plant at Haarlem, Holland. 

The types of environments  present at the locations mentioned 
above,  specific to the vicinity of product manufacturing  or 
formulation, are described in the following sections. 

i) The  type of environment at Danville,  Pennsylvania 

Location - The Danville plant is located on a 118 acre site in 
the Susquehanna River  Valley approximately 70 miles north 
of Hamsburg, Pennsylvania. The  plant is located adjacent to 
the south  bank of the North Branch of the Susquehanna 
River. Coordinates of the plant's location are latitude N 40" 
57' and longitude W 76" 38'. The  plant is located in the 
Borough of Riverside. The US. Census  Bureau  listed 
Dandle's 1980 population as 5,200 people. 

Weather/Air Resources - Annual  rainfall at the Williamsport 
Airport (approximately 30 miles &om the plant) is 41 inches. 
The mean  summer  temperature is 72" F, while the mean 
winter  temperature is 28" F. The entire state of Pennsylvania 
is designated nonattainment for  ozone. Pennsylvania has no 
significant nitrogen dioxide pollution. The Danville plant is 
located in the Central Pennsylvania Intrastate Air Quality 
Control Region  (AQCR)  which is currently in  attainment  with 
the  primary  standards for particulate  matter, sulfur oxides, 
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nitrogen dioxides, and carbon dioside. The state has 
incorporated into its regulations the new source  performance 
standards (NSPS), the  National Emission Standard for 
Hazardous Air Pollutants (NESHAPS), and the National 
Ambient Air Quality Standards (NAAQS). There are no Class 
I Visibility Areas within 60 km of the plant.  Prevailing  winds 
near  the  plant are from the west-northwest direction. 

Water Resources - Separate sanitary (domestic sewers) and 
process (chemical effluents)  wastewater  sewers are  maintained 
separately from storm sewers at the plant.  The sanitary 
sewer flows to  the Borough of Dandle’s  wastewater  treatment 
plant, while the process sewer flows to the plant’s wastewater 
treatment facility. Water from the storm sewer  merges  with 
the effluent from the plant’s wastewater  treatment  system, 
and  the combined streams  are discharged to the Susquehanna 
River through the plant’s national  pollutant  discharge 
elimination  system (NPDES) outfall. The only surface  water 
within 1000 feet of the  plant is the north  branch of the 
Susquehanna River. There are no injection wells on the  plant 
property, and the 100-year  flood plain  elevation at the plant 
is approximately 460 feet above mean sea level. The plant 
derives its potable  water  entirely from an on-site treatment 
plant which uses  the  Susquehanna River as its source. The 
plant  potable water quality  meets all requirements of the 
Federal  Safe  Drinking Water Act and  the  Pennsylvania  Safe 
Drinking Water Act. Approximately 180 private wells are 
located within 1/4 mile fiom  the  plant boundary. 

Land Resources - The terrain  surrounding  the  plant is 
valley flatland  with low hills on both sides. Terrain  elevation 
near the north bank of the Susquehanna River rises abruptly 
to 400 feet above the  base elevation of the plant. Geological 
data indicates that the rocks surrounding  the  plant  are mainly 
shale, with a few thin beds of siltstone,  limestone and 
fine-grained  sandstone.  The Bloomsburg formation,  a red silty 
shale,  underlies the southern  third of the plant  property. To 
the northwest of the plant there is the Mifflintown formation, 
a gray  shale  having some thin  limestone  beds  and few thin 
beds of sandstone. Along the river, the northwest  corner of 
the property is underlain by olive shale  and  thin  sandstone 
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interbeds of the Rose Hill formation. 

ii) The  Type of Environment  at  Barceloneta, Puerto 
Rico 

Location - The Merck Sharp 6 Dohme Quimica de  Puerto 
Rico, Inc. (MSDQ) facility is located on a 166 acre site in 
Barceloneta,  Puerto Rico. The city of Barceloneta  contains a 
population of 20,000 people and is located 38 miles  due  west 
of San  Juan  and  three miles  south of the Atlantic Ocean. 
The MSDQ plant is located at  km 56.4 along State Highway 
2. Coordinates of the plant's location are latitude  N 18"  25' 
and longitude W 66" 32'. 

Weather/Air  Resources - Puerto Rico generally has  attained 
National Ambient Air Quality Standards (NAAQS) although 
there are problems with  particulates,  especially in the Catano 
air basin.  The  Barceloneta  plant is located in the Barceloneta 
air basin.  The state requires new source  permits  and 
operating  permits for all  point sources. Puerto Rico is part 
of USEPA Region I1 and  has been delegated  authority over 
the National  Emission Standards for Hazardous Air Pollutants 
Program o\TESHAPS). 

Meteorological data for the  area is collected at  the Isla Verde 
Airport in San  Juan (about 47 miles east of Barceloneta). 
Annual  rainfall is near 60 inches and the mean  ambient 
temperature  varies between 76 and 82" F. An easterly trade 
wind is the  predominant wind pattern. 

Water  Resources - The  entire fresh  water  requirements for 
the  plant  are supplied by one pumped well and  two artesian 
wells. The  artesian wells are  used as the primary source of 
plant  water. No other well, or surface water bodies, are 
located within 1000 feet of the facility. The  plant  potable 
water  quality  meets all requirements of the federal  Safe 
Drinking Water Act. Separate  sewer  systems exist for 
sanitary (domestic sewers), process (chemical effluents) and 
storm  water runoff. Process wastewater flows into the plant's 
pretreatment  system  and  then to the Barceloneta Regional 
Wastewater  Treatment Plant (BRWTP). Sanitary  waste  fiom 
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the  plant joins the effluent b m  the pretreatment  system  and 
the combined streams flow to the BRWTP. 

Storm water from the plant is collected in an independent 
eewer system,  consisting of concrete dikes and  swales  and 
directed  away from the facility. Surface  water runoff firom 
portions of the plant  discharge to the sinkhole  system which 
is mentioned in the land  resources  section below. The MSDQ 
plant is located approximately 1.26 miles west of the Manati 
River and 70 meters (230 feet) above mean sea level. The 
plant is located well  above the 100-year floodplain. 

Land Resources - The plant is located in an inter-mogote 
depression.  The  depression is elongated  east-west over a 
distance of 2 km. The mogotes are asymmetrical hills that 
are built of massive, thick-bedded members of the Aymamon 
Limestone. A series of sink holes and secondary  depressions 
are located east  and  tend in a northwesterly direction from 
the site. Bedrock beneath the plant site consist  primarily of 
moderately solutioned, recrystallized  limestone of the 
mid-miocene age Aymamon Formation. In depressions 
between mogotes and ridges, the  limestone is overlain by the 
quaternary  blanket sands. The blanket  deposits  consist 
mostly of silty or sandy clay which underwent  rapid 
disposition in a subaerial fluvial plain  environment.  Based on 
soil borings from the  site, 20 percent of the soil is sand. 
Red-brown to yellow silty clay comprises the dominant soil 
found in the borings. Land use surrounding the plant 
includes industrial  and mixed industrial.  Other  industries lie 
north  and  west of the facility, the community of Imbery lies 
north of the facility, and  the  rest of the surrounding area is 
undeveloped. 

iii) The type of environment at Haarlem, Holland 

Location - The MSD plant in Haarlem,  Holland is located in 
the municipality of Haarlem,  near the North Sea coast and 
approximately 20 km (13 miles) from the city of Amsterdam. 
The plant is located east of the city of Haarlem on 18 hedare 
(45 acres) of land  near  the river  Spaarne. The plant is 
located in the  area of Waarderpolder, which is dedicated to 
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industrial activity only. The population of Haarlem is 
approximately 150,000  people. 

Weather/Air  Resources - Dutch government  laws prescribe 
emission standards for hazardous air pollutants. No 
significant air pollution generating  industries are located in 
the vicinity. Annual rainfall is 0.754 meter (30 inches). 
Mean January  temperature is 18" C (64" F). Prevailing wind 
directions are west  and  south-west (sea wind) at a windforce 
of 3 to 8 Beaufort. 

Water  Resources - All water  used for consumption, process, 
and  sanitary equipment is obtained  fiom the official county 
supplier.  Water  quality  constantly meets  standards of potable 
water.  Water for firefighting can be withdrawn from the 
River Spaarne.  There are no injection wells on the plant 
property. The sanitary (domestic sewers) and storm sewer 
system are directly coupled to the municipal  sewer  system, 
while the process chemical effluents are treated before 
discharge into the municipal sewer. The discharge of waste 
water  into  the municipal sewer is covered by an official permit 
from the municipality. All wastewater from the municipal 
sewer is treated in the municipal wastewater  treatment  plant. 
The efnuent fi-om the  treatment  plant is discharged into the 
River Spaarne. 

Land  Resources - The land of the industrialized zone where 
the plant is located is reclaimed ("polder"). The soil is 
composed of layers of clay and  sand. 

D. The  location  where  the  product will be  used  and 
disposed of 

The ivermectin Type A Medicated Article will be  used  with 
swine, primarily in feedlot environments. Swine feedlots are 
located throughout the United States in many different types 
of environment and predominantly in rural areas. The States 
with the highest swine population are found in the 
midwestern  United states, including Iowa, Illinois, Indiana, 
Minnesota, Nebraska and Missouri, APPENDIX A' 
Approximately one-third of this population would be  treated 
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with ivermectin as injectable and medicated feed formulations. 
Manure fi-om feedlots is Srequently used  directly as fertilizer. 
Alternately, the manure is diluted with water  and removed as 
water-washed waste which is, in some circumstances, allowed 
to collect in a lagoon prior to use as fertilizer. 

5. Identification  of  chemical  substances  that  are  the  subject 
of the  proposed  action 

k IVOMEC@ Premix  (ivermectin) Tme A Medicated 
Article  for  Swine: 

The active ingredient which is the subject of this document 

- Ivermectin (CAS  Reg. No. 70288-86-7) 
Chemical name: 22,23-dihydroavermedin Bl,(R=C2€&) and 
25-de (1- methylpropy1)-22,  23-dihydro-25-( 1-methylethyl) 
avermedin B,,(R=CH,). The latter is also known as 
22,23-&ydroavermectin Bl,,. 

B. The  structure and properties of ivermectin 

R :  
\ ,.' 

Y 

Molecular Weight 
875.10 
861.07 
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Ivermectin is produced by fermentation and  subsequent 
chemical hydrogenation and is a mixture of two closely related 
homologues belonging to a class of compounds known as 
avermectins. 

Ivermectin  contains at least 80% of the compound in which R 
in the above structure is the ethyl group and less than 20% 
of the compound in which R is the methyl group. It is a white 
to yellowish white crystalline powder and has an ill-defined 
melting point of about 150°C. The material is optically active 
and has a specific rotation [a]”,” of approximately -19” (C= 
0.5, CH,OH). 
The ultraviolet absorption spectrum in methanol is 
characterized by maxima at 237, 245 and 253 n m ,  with less 
intense absorption at -290 and 350 nm. Ivermectin is very 
insoluble in water: the concentration of a saturated aqueous 
solution is 4 ppm. Ivermectin is freely soluble in methanol, 
chloroform, pdioxane, dimethylformamide and ethyl acetate; 
soluble in 95% ethanol,  diethyl ether, methylene chloride and 
acetone and aromatic hydrocarbons; and very slightly soluble 
in aliphatic hydrocarbons. The infrared  and nuclear  magnetic 
resonance  spectra are consistent with the proposed structures. 

Ivermectin has been shown to be stable for at least six 
months  when  stored  under  ambient conditions. In a solution, 
ivermectin is photolabile. 

Ivermectin  contains at least 95% of the two compounds shown 
above as determined by UV absorption and liquid 
chromatography. 

Based on radioactivity  measurements, the octanol-water 
partition coefficient  for ivermectin is 1651; i.e., 

KD of OCtanol = 1651 
pH 7 buffer 
(or water) 
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The present  assessment  supplements  ivermectin  data with 
data  generated with avermectin B,. The structure of 
avermectin B, (AVM) only Hers  &om that of ivermectin 
(IVM) by a double bond at position 22,23. Ivermectin is 
produced from avermectin by catalytic  reduction of this double 
bond. Physical properties of ivermectin and avermectin are 
compared below. 

Comparison of IVM and AVM Physical 
Properties 

Physical Properties rvM AVM 

Molecular Weight' 875  873 
OctanoVWater Partition Coef. 1,651 9,900 

Aqueous  Solubilit$ 4 PPm 
E ( h m a x ) ,  Methanol 30,100 (245) 31,850  (243) 

K c b  12,600-15,700 >4,000 
8 PPb 
- 

Both compounds possess low water solubility, high 
OctanoVwater partition coefficients and  high I(, values. 
Compounds with & values >lo00 are immobile in soil. 

6. Introduction of substances  into  the  environment 

The introduction of substances into the environment can occur 
from four sources: (A) the avermectin  manufacturing facility; (B) 
the manufacturing facilities where  avermectin is converted into 
ivermectin; (B) and (C) the  manufacturing facilities  where the 
IVOMECm Premix (ivermectin) Type A Medicated Article for 
Swine is produced; and (D) the sites of intended use of this 
product in swine. 
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A. Dandle, Pennsylvania - The following summarizes the 
environmental  aspects of manufacturing  avermectin at the 
Danville plant. 

i) Liquid Waste 

Solvent-based waste streams are generated in the isolation 
step  and  in the recovery of solvents  used for the isolation. 
The solvent-based streams contain  discarded organic 
by-products and some residual  avermectins in a solution of 
organic solvents  such as hexane,  ethanol,  and toluene. The 
solvent-based streams are destroyed by incineration. The 
incineration process is subject to and in compliance with the 
Pennsylvania  Rules  and  Regulations for the protection of 
Natural Resources, Title 25, Part I, Subpart C, Article I, Land 
Resources, Chapter 75, Solid Waste  Management and Article 
III, Air Resources and 40 CFR Parts 262 and 265, Standards 
Applicable to Owners and  Operators of Hazardous  Waste 
Treatment,  Storage and Disposal Facilities. 

Aqueous-based waste streams consist of spent  fermentation 
broth  and  wash  waters that contain unconsumed fermentation 
nutrients, unrecovered by-products and  traces of avermectins 
and dissolved solvents such as hexane,  ethanol,  and toluene. 
The aqueous-based stream is be  treated in an onsite chemical 
pretreatment  unit designed to destroy  residual avermectins. 
The effluent from the  pretreatment unit receives final 
biological treatment in the onsite two-stage secondary waste 
treatment  plant  and is discharged under the requirements of 
and  in compliance with NPDES Permit No. PA 0008419 which 
is administered by the Pennsylvania  Department of Natural 
Resources. 

ii) Air Emissions 

Air emissions generated  during the production process consist 
of volatile organic compounds (such as hexane,  ethanol and 
toluene) and  dust. Air emissions are controlled as appropriate 
by condensers. Dust is controlled by HEPA-type filters. Air 
emissions are in compliance with the regulations for air 
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emissions of the Pennsylvania  Department of Natural 
Resources (Title 26, Part I, Subpart C, Article 111, Air 
ReSOUrCeS). 

Dry solid waste,  such as paper, trash, and HEPA-type filters, 
are disposed of in an incinerator which is subject to and in 
compliance with the regulations for air emissions of the 
Pennsylvania  Department of Natural Resources (Title 26, Part 
I, Subpart C, Article 111, Air Resources). 

iv) Employee  Protection 

Material  Safety  Data  Sheets (MSDS) are available  onsite for 
all chemicals required by the Occupational Safety Act of 1971 
and the Hazardous Communication Act of 1985. Employees 
associated with the manufacturing of avermectin have 
appropriate MSDS available for their review. The MSDS  for 
Avermectin Broth, Detoxified Avermectin Spent  Broth,  and 
Avermectin Pure are contained in APPENDIX B-1. Employee 
protective clothing, such as gloves, uniforms, and safety shoes, 
and protective equipment,  such as safety  glasses, are used 
during the manufacturing process to assure compliance with 
the Occupational Safety Act (OSHA) of 197l and the Hazards 
Communication Act of 1985. To minimize worker exposure to 
avermectin, the following monitoring activities are conducted: 

a. At least semi-annual monitoring of dust levels for 
avermectin  where  avermectin powder is handled; and 

b. At least monthly wipe test for avermectin on equipment, 
floors, and production bottles in the production area. 

Air, liquid, and solid waste emissions will comply with the 
environmental control regulations mentioned in the above 
sections. The  plant is also in compliance with all applicable 
OSHA requirements. 
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v) Environmental Exposure 

Quantities of substances that enter  environmental media (i.e. 
soil, water, a i r ,  etc.) as a result of use and/or disposal of 
products related to the manufacturing of avermectin are 
inconsequential. 

HEPA-type filters control the introduction of avermectin dust 
into the ambient air with an efficiency greater than 99.9 
percent. Used HEPA-type fdters are incinerated  onsite at a 
temperature greater than 500" C. 

Wastewaters  containing  residual  avermectin from fermentation 
and  separation operations are treated to destroy the 
avermectin in a high  pressure  reactor using caustic. Effluent 
from the high pressure reactor is further treated in the onsite 
wastewater  treatment  plant before being discharged into the 
Susquehanna River. The traces of avermectin allowed into the 
Susquehanna River are determined by the Pennsylvania 
Department of Natural Resources. 

B. Barceloneta,  Puerto  Rico - The following summarizes the 
environmental  aspects of converting avermectin into ivermectin 
and formulating IVOMEm Premix (ivermectin) Type A 
Medicated Article for Swine for the MSD Barceloneta facility. 

i) Liquid  Waste 

The solvent-based waste  streams are generated in the 
chemical processing step. They will contain  discarded organic 
compounds in a solution of solvents  such as ethanol, 
formamide, toluene, and water. The solvent-based stream is 
destroyed by incineration. The incineration process is subject 
to, and in compliance with, the Puerto Rico Environmental 
Quality Board Regulations for the Disposal of Solid Waste  and 
Regulations for the Control of Atmospheric Pollution and the 
U.S. Environmental Protection Agency Regulations, 40 CFR 
Parts 264 and 265. 

An aqueous-based waste  stream consists of wash  waters 
generated by equipment washings. Holding tanks are 
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provided to contain the washes prior to testing and disposal. 
Depending on the ivermectin concentration, the holding tank 
contents is managed in one of three ways: 

a. Contents are tested for ivermectin and pumped  through a 
filter to the chemical sewer; 

b. Contents are chemically pretreated  with sodium hydroxide 
and the treated washes pumped through a filter to the 
chemical sewer. The treatment process will be periodically 
validated by testing; or 

c. Contents are incinerated. 

Effluent from the Barceloneta plant is discharged to the 
Barceloneta Regional Wastewater Treatment Plant (BRWTP). 
The BRWTP operates  under the requirements of NPDES 
Permit No. PR 0021237 which is administered by the US. 
Environmental Protection Agency. 

ii) Air Emissions 

Air emissions generated  during the conversion of avermectin 
to ivermectin consist of volatile organic compounds (such as 
ethanol, formamide and toluene) and  dust. The  emissions of 
volatile organics are controlled as appropriate by condensers. 
Air in the process building is exhausted  through HEPA-type 
filters. Air from the bulk manufacturing facility is exhausted 
through HEPA-type filters. Air from the formulation and 
sterile facilities is exhausted  through HEPA-type filters. Air 
emissions are subject to, and in compliance with, the 
regulations for air emissions of the Puerto Rico Environmental 
Quality Board Regulations for the Control of Air Emissions. 

iii) Solid Waste 

. D r y  solid waste,  such as paper, trash, and HEPA-type filters 
etc., is disposed of in an incinerator which is subject to, and 
in compliance with, the regulations for air emissions and solid 
waste disposal of the Puerto Rico Environmental  Quality 
Board (EQB). Returned  finished goods are either  incinerated 

DEC DOC 000430 (DAR) May 21, 1991 



084 373 
IVOMEC@ (ivermectin) Type A 
Medicated Article for Swine 

Page 14 

onsite  or sent offsite for incineration. In either case, the 
incinerator is in compliance with air & solid waste disposal 
regulations of the EQB. 

iv) EmDloyee Protection 

Material  Safety Data Sheets (MSDS) are available  onsite for 
all chemicals required by the Occupational Safety Act of 197l 
and the Hazardous Communication Act of 1986. Employees 
associated with the manufacturing of ivermectin and the 
manufacturing and formulation of the Type A Medicated 
Article for Swine have  appropriate MSDS available for their 
review. The MSDS  for ivermectin and Type A Medicated 
Article for Swine are contained in APPENDIX B-2. Employee 
protective clothing, such as gloves, u n g o m ,  and safety shoes, 
and protective equipment,  such as safety  glasses, are used 
during  and  manufacturing and formulating process to assure 
compliance with the Occupational Safety Act of 1971 and the 
Hazardous Communication Act of 1985. To minimize worker 
exposure to avermectin and ivermectin, the following 
monitoring activities are conducted: 

a. At least semi-annual monitoring of dust levels for 
avermectin and ivermectin where the powder  for each, 
respectively, is handled; and 

b. Wipe tests are performed to verify the cleanup of spills of 
ivermectin in the formulation area. 

Air, liquid, and solid waste  emissions comply with the 
environmental control regulations  mentioned in the above 
sections. 

v) Environmental Exwsure 

Quantities of substances that  enter  environmental media (i.e., 
soil, water, air, etc.) as a result of the conversion of 
avermectin to ivermedin are inconsequential. In addition, 
quantities of substances that will enter  environmental media 
as a result of the manufacturing and formulation of the 
IVOMEC@ Premix (ivermectin) Type A Medicated Article for 
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Swine will also be inconsequential. 

HEPA-type filters control the introduction of avermectin and 
ivermectin dust  into  the ambient air with an efficiency greater 
than 99.9%. 

As per the MSDS  for avermectin Pure and ivermectin, any 
solid waste  containing either  substance is incinerated at a 
temperature greater than 500" C. 

Wastewaters  from the conversion of avermectin to ivermectin 
are collected in a waste  storage  tank  and either: 

a) Tested for ivermectin and pumped through a filter to the 
chemical sewer; 

b) Chemically pretreated  with sodium hydroxide and pumped 
through a filter to  the chemical sewer; or 

c) Incinerated. 

The discarded filters are incinerated  onsite a t  a temperature 
greater  than 500°C. Any residual  ivermectidavermectin 
remaining  in the wastewaters is diluted by approximately 
one-half million gallons per  day of total  plant liquid effluent. 
Further dilution takes place when the  total  plant effluent is 
sent  to the 6 million gallon per day Barceloneta Regional 
Wastewater Treatment  Plant (BRWTP). Final  emuent from 
the BRWTP is discharged into the Atlantic Ocean where 
additional mixing and dilution occurs. 

Wastewaters from the production and formulation of the 
IVOMECO Premix (ivermectin) Type A Medicated Article for 
Swine will be  collected in a waste  storage tank and managed 
similar to the  wastewaters described above. 

Finished return goods of the IVOMECO Premix (ivermectin) 
Type A Medicated Article for Swine will be returned to the 
MSD  AGVET facility in Barceloneta. Returned goods that 
must be destroyed will be burned  onsite or offsite in an 
incinerator  with a temperature greater than 500" C. 
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C. Haarlem, Holland - The following section summarizes the 
environmental  aspects of the formulation of IVOMECQD Type 
A Medicated Article for Swine at the Haarlem  plant. 

i) Liquid Waste 

Small amounts of dilute  liquids will be  generated  during the 
cleanout of equipment. Any liquid waste which results from 
manufacturing the final dosage form will be collected and 
treated with an activated carbon purification unit to remove 
the ivermectin. The effluent fiom the purification unit will 
then  enter the plant's general waste sewer  where it mixes 
with sanitary waste.  The mixed waste stream (effluent from 
the purification unit and  sanitary  waste) wi l l  go via a 
neutralization  pit  (pH 6 to 8) to  the municipal sewage system 
and  ultimately  to the municipal sewage treatment plant. The 
treatment  plant  operates  under the control of the 
Hoogheemraadschap Rijnland. MSD has permit No. 1420 
('86)N26580 from the municipality for discharging to  the 
sewage plant.  Spent  activated carbon from the filtering 
system will be collected in plastic bags, put  into  drums,  and 
handled as described below  for  solid waste. 

i;) Air Emissions 

Air-borne particulates  and  dust will be controlled by HEPA- 
type filters. Any air emissions from the plant will be 
regulated by, and  in compliance with, the  State Rules and 
Regulations Act with regard to environmental pollution. 
These regulations are administered by the Haarlem 
Department of Environmental Control. 

iii) Solid Waste 

Solid waste  resulting from production of the h a 1  dosage form, 
including spent activated carbon fi-om the filtration  system 
and HEPA-type filters, will be combined with other  plant 
trash and  transferred via closed vehicle to the Rotterdam 
incinerator.  The MSD facility will have to get permission and 
a permit for each  truckload of solid waste from production of 
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this product as is currently  obtained for other products sent 
to the Rotterdam incinerator. 

iv) Employee Protection 

Material  Safety  Data  Sheets (MSDS) will be  available for all 
chemicals required by the Dutch  Safety Law (Arbo Law) and 
the Dutch Safety Rules for Industry  and Workshops. 
Employees associated with the formulation of ivermectin Type 
A Medicated Article for Swine will have  appropriate MSDS 
available for their review.  APPENDIX B-2 contains the 
MSDS  for Type A Medicated Article for Swine and ivermectin. 
As additional worker protection, monthly  swab tests will be 
performed for ivermectin on equipment, floors, and production 
bottles in the production area. 

The manufacturing will be  regulated by, and in compliance, 
with the Dutch  Safety Law  (Arbo Law) and the Dutch  Safety 
Rules for Industry  and Workshops. The manufacturing will 
also be regulated,  and in compliance with, the 'Wet Algemene 
Bepaling Milieuhygiene" which includes: the Air Pollution 
Act; the Noise Abatement Act; the Drainage  Sewer  System 
Regulation; the Chemical Waste Act; the Waste Act; and  the 
Waste Regulation. 

v) Environmental  Exposure 

Quantities of substances that will enter  environmental media 
(i.e., soil, water,  air, etc.) as a result of the manufacturing  and 
formulation of the IVOMEOB Premix  (ivermectin) Type A 
Medicated Article for Swine will be  inconsequential. 

HEPA-type Filters will control the introduction of ivermectin 
dust  into the ambient air with an efficiency greater than 
99.9%. 

Wastewaters from the production of IVOMEZ@ Premix 
(ivermectin) Type A Medicated Article for Swine will be 
collected in a waste  storage  tank  and pumped through 
activated carbon to remove ivermectin. Used activated carbon 
will be burned offsite in an incinerator at a temperature 
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greater than 500" C. Residual  ivermectin  remaining in the 
wastewaters will mix and  be diluted by 70,000 liters per  day 
(18,500 gdday)  of total plant effluent. Further dilution will 
take place when the total plant  wastewater effluent is sent to 
the 40,049,000 liter/day (10.6 million gaday)  Rioolzuivering 
Waarderpolder sewage treatment plant. Efnuent from this 
treatment  plant will be discharged to the Spaarne River where 
additional mixing and dilution will occur. 

Finished return goods of the IVOMECCD Type A Medicated 
Article for Swine will be returned  to the MSD facility. 
Returned goods that  must be destroyed will be incinerated a t  
the Rotterdam  incinerator. 

D. Introduction  through  use in  the  target  animal 

i) Dosing and  excretion 

The projected use of IVOMECCD Type A Medicated Article for 
Swine involves the oral  administration of the drug  in feed at 
a dose rate of 2 ppm, or approximately 100 pg/kg  body weight 
per  day for seven consecutive days. Approximately one- 
fourth of the swine population in the United States is treated 
with the injectable formulation of ivermectin. Additional use 
of the premix formulation in feed is estimated  to extend total 
use of ivermectin to approximately one-third of the swine 
population. The large majority of treated  animals (-15 kg) 
will be confined to feedlots. 

In the case of pigs dosed with ivermectin in feedlots, the 
following calculations, based on a U.S. Environmental 
Protection Agency publication, show the expected concentration 
of ivermectin and  metabolites in the "Raw Waste" (manure) 
and the concentration in fields when the manure is spread as 
a fertilizer.2 

The above-referenced EPA publication indicates that dirt  floor 
feedlots contain, on average, 150 swine per acre, or about 3.5 
swine per 1000 sq R. If each pig was dosed with 15 mg of 
ivermectin, and the entire  amount  eliminated, a total of about 
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52.5 mg of ivermectin-related compounds would be  excreted 
per 1000 sq R at a swine  density of 160 animals per  acre, or 
approximately  16 mg per 286 sq. ft. 

Attached is a modified flow diagram &om the above reference 
showing the daily raw  waste produced in a typical feedlot 
operation in which approximately  15-kg  pigs enter  the 
operation and  in  about 133 days  reach  market  weight of about 
100 kg.' Early in this period, as soon as practical  after 
arrival at the feedlot, the animals will be treated for 
parasites for a single week with  ivermectin at a dose level 
of 2 ppm in the feed. 

Figure 1 
Typical Swine Feedlot Flow Diagram 

15 kg 
(33 lb) 

Water Swine Feedlot 100 kg 
up to 11 liter/head/day .-* 

Market (up to 3 gallona/head/day) 
+(220 lb) 

Time in Feedlot Animals 
About 133 Days 

Feed" . 
2.4 kg/head/day 
(5.3 lb/head/day) 

4 

Average Raw Waste 
-4 kg/head/day 

(-9 lb/head/day) 

" Average for growing period in feedlot, 15-100 kg. 

The following calculations  (based on 100% of drug  and 
metabolites  excreted) provide an estimated  concentration of the 
total drug residue in  the waste produced by a single  animal 
treated for one week at an initial weight of 15 kg  and 
growing to market weight over a 133-day period. 
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Weight  of  swine 
Dose  of  ivermectin 

16 + 100 kg 
2 ppm in diet for 7 
days; -1 kg feed  per 
d a y   d u r i n g  
treatment.a 

Weight of ivermectin-related 
compounds  excreted (100% of  dose) 16 mg 

Total time in feedlot 133 days 

Total waste produced  per  swine -500 kg; -23.8  kg 
waste/46.45  kg 
bw/wk.'-' 

Estimated concentration of drug  and  metabolites in waste: 

15 mg excreted = 0.030 m g  = 30 ppb 
500 kg waste  kg 

For a 7-8 week  old, 15 to 18-kg swine consuming about 7-8 
kg of feed in a week (about  16 mg of ivermectin), the 
approximately 500 kg of manure produced during the 19-week 
feedlot residence would be expected to contain drug-related 
substances at   an average  estimated  concentration of 30 ppb. 

ii) Use  of  manure  as fertilizer 

Waste is frequently allowed to accumulate for long periods of 
time, e.g.,  120-180 days, prior to use as fertilizer.B There are 
three methods of using swine manure as fertilizer, 1) direct 
use of the manure [commonly referred to as liquid (undiluted) 
manure], 2) use of water-washed waste from solid or slotted 
concrete-floored facilities where manure is hosed into and held 
in  pits or tanks, and 3) a water-washed  method  where  waste 
is collected in a lagoon. The last two  methods result in the 
same concentration of residue in the water-washed waste. 

a. Direct use of  manure as fertilizer 

Swine manure accumulated over the residence period of 
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the swine in the feedlot (residue level of 30 ppb) is used 
as fertilizer at the maximum recommended application 
rate of 26 tons  per acre (Table 1). Plowed to a depth of 
6 inches (see APPENDIX A-2 for calculation), the soil 
concentration would be 0.74 ppb (Table 1). 

b. Use  of  water-washed  and  lagoon-collected manure 
waste  as  fertilizer 

Where water-washed  wastes are used, the amount of 
ivermectin-related  residue in the fertilized soil will depend 
upon the amount of drug  residue in the manure, the 
amount of dilution water  and the spreading  rate.  With 16 
mg of drug-related material  present in the manure 
collected  over 133 days, 41 kg of water-washed waste  per 
swine per day, and a spreading  rate of 8000 gdacre,  the 
level of ivermectin-related  residue in soil fertilized (6" 
depth)  with  water-washed  waste would be an estimated 
0.083 ppb (Table 1; see calculation in APPENDIX A-2).* 

The manure  can be collected as water-washed waste every 
few weeks from the feedlot during the entire swine-raising 
period (133 days)  and  held in a lagoon until used as 
fertilizer!*' The estimated  concentration of 
ivermectin-related compounds in the lagoon after 133 days 
would  be 2.76 ppb (assuming  any loss of water fiom the 
lagoon by evaporation would be offset by rainfall).  Use of 
this water-washed  waste at the maximum recommended 
application rate of 8000 gayacre,  with a manure depth of 
six inches, would also result in an estimated fertilized soil 
concentration of 0.083 ppb (see  calculation in APPENDIX 
A-2).* These residue levels are presented in Table 1. 
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Table 1 
IVOMECG9 Type A Medicated Article for Swine 

Environmental  Burden 
2 PPM Ivermectin  In-Feed for 7 Consecutive D a y  

Dosing in Feed 
For 7 Days, 

Excreta (-600 kg) 
Collected For 133 Days' 

TOTAL 
RESIDUE  LEVELS 30 PPb 

TOTAL RESIDUE IN 

PLOWED  FIELD 
26 TON/ACREb, 6' 0.74 ppb 

MANURE-FERTILIZED 

TOTAL RESIDUE 
IN FERTILIZED 
AND PLOWED  FIELD 0.083 ppb 

WASTE/ACRE8, 6 
8000 GAL WATER-WASHED 

' 7 to 26 week  old swine, 15 mg ivermectin. For example, 
Nebraska  regulations require that underfloor manure 
storage  systems  have a minimum storage  capacity of 120 
days, and a recommended storage  capacity of 180 days? 

The current Illinois recommendation for maximum annual 
application rate from liquid manure holding pits is 15 tons 
per  acre? However, to be consistent with the 
Environmental  Assessment for IVOMECXD (ivermectin) 
Injection for Swine (NADA 135-0081, 25 tons per  acre is 
used in this determination. 

b 

iii) Metabolism 

In a study (APPENDIX C-1) designed to examine the tissue 
depletion and metabolism of ivermectin  administered in feed, 
two of the swine received tritium-labeled ivermectin equivalent 
to 100 &kg bw/day  for 7 consecutive days. The medicated 
feed was prepared  using the IVOMEW Type A Medicated 
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Article for Swine formulation. More than 99% of the 
administered  radioactivity  was excreted during the on-drug 
period and the first 7 days post medication. Average total 
residue levels in excreta  peaked on day 4 on-drug at 1.63 
ppm, and then decreased to -0.030 ppm by day 7 post 
medication. Virtually all of the radioactivity excreted was in 
the feces, with only about 0.2% of the dose appearing in the 
urine during this 14-day period. 

Ivermectin  accounts for approximately one-third of the swine 
feces residue following oral  administration of the drug. The 
3"-O-desmethyl (see below) and drug-like metabolites account 
for about 15-30% of the feces residue.  Polar components, 
including the 24-hydroxymethyl metabolites (see below), 
account for another approximately 35-45%. The metabolite 
profile in the liver is comparable to that observed in the feces. 
Unchanged drug accounts for 40-45% to 30-35% of the total 
residue in on-drug and  three-day off-drug livers, respectively. 
The 3"-O-desmethyl metabolites account for about 30% of the 
total  residue,  and a polar fraction with the chromatographic 
properties of the 24-hydroxymethyl metabolites comprise about 
15% of the total residue. 

For the purpose of this Environmental  Assessment, the feces 
residue is considered to be entirely ivermectin. 
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7. Fate in the environment 

Information on the stability of ivermectin in soil and in aqueous 
extracts of steer, swine and  sheep feces and on its mil 
translocation was presented in the Environmental  Assessment of 
NADA 135-008, IVOMEC!@ (ivermectin) Injection for Swine.' The 
present  assessment includes additional  information on the 
environmental fate of ivermectin and  supporting  idormation on 
the environmental fate of avermedin B,, which differs from 
ivermectin only in that avermectin B, bears a double bond at 
position 22,23 (Sec. 6). Ivermectin is produced from  avermectin 
B, by catalytic reduction of this double bond. 

A. Key  fate studies 

i) Photodegradation 

In a study of the photolysis of ivermectin I-&B1,, Halley (1990, 
APPENDIX C-2) used a high-pressure xenon arc  lamp to 
simulate  sunlight. Based on the degradation of ivermectin 
under  these conditions, it was  calculated that ivermectin 
would photodegrade near the surface of open, flat bodies of 
water  under  clear  skies in summer  and  winter  sunlight  with 
half-lives of 12 and 39 hours, respectively. This rapid 
photodegradation in water should effect swift elimination of 
ivermectin fiom the aquatic  environment.  Based upon data 
from a preliminary  study,  ivermectin  undergoes photodegra- 
dation as a thin, dry film on glass with an estimated half- 
life of about 3 hours in summer sunlight (APPENDIX (3-3). 
Avermectin B,, possesses an absorption maximum similar to 
that of ivermectin (Sec. 5). Both possess low intensity long 
wavelength absorption at approximately 290 and 350 nm. 
Avermedin B,, photodegrades on soil "LC plates with a half- 
life of 21 hours (APPENDIX C-4). Rapid photodegradation is 
consistent with the rapid loss of avermectin B,, from the 
surface of cotton leaves. Radiobalance data indicated that 
slightly more than one-half of the applied  radioactivity 
remained on the leaves at 2 days  post-treatment,  but only 
one-third of the recovered radioactivity was  starting com- 
pound? A non-polar photodegradation product of avermectin 
B1, has been identified as the A**'-isomer (APPENDIX C-4). 
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ii) Mobility in soil 

Compounds possessing I(, values greater than 1000 are tightly 
bound to the soil organic matter, and  such compounds can  be 
considered to be immobile in soil. As ivermectin has & 
values of 12,600 and 15,700 with Iowa clay loam  and Missouri 
silty clay loam soils, respectively, this drug has been classified 
as tightly bound to soil and hence immobile (APPENDM 
C-5).lo Avermectin B,, was found to be immobile on soil "LC 
plates (six soil types) with water as the developing solvent 
(APPENDIX C-61, demonstrating the tight binding to soil of 
this close structural  relative of ivermectin." Consequently, the 
possibility of translocation of ivermectin through soil firom one 
site to  another  in  the environment is remote. When 
ivermectin was  partitioned between water  and Iowa soil, a soil 
to  water distribution of 333 was found, predicting that 99.7%' 
of the drug would be bound, with only 0.3% in solution 
(APPENDIX C-51.l' 

iii) Fate in  feedlot runoff 

A study  to  evaluate  the environmental fate of ivermectin in 
cattle feedlots, requested by the FDA, was  submitted  to the 
Environmental Assessment for IVOMEC@ (ivermectin) 
Injection for Cattle, NADA 128-409.12 A summary of this 
study  can be  found in APPENDIX C-7. This study (carried 
out  in the month of June)  was designed to determine the 
potential for ivermectin runoff from a cattle feedlot following 
treatment of five steers (about 365 kg each) with ivermectin 
(200 pgkg)  subcutaneous injection. Surface and 
subsurface  water  samples from the dirt feedlot pen (20 x 50 
R) were collected  over a 28-day period following dosing and 
assayed for ivermectin using toxicity toward Daphnia as an 
indication of the presence of ivermectin. The water  samples 
were also analyzed by HPLC for the &Bl. component of 
ivermectin. No ivermectin-related toxicity was observed, nor 
was any (10 ppt  or greater) ivermectin found in the water 
samples by HPLC. Essentially all of the subcutaneously 
administered dose, a total of 365 mg for  five steers, or  73 mg 
per steer, would have been exct-eted (approximately 50% as 
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ivermectin, 50% as metabolites) during this study into an area 
of only 1000 sq R (365 pdsq R). Nevertheless, the runoff 
water showed no ivermectin-related toxicity toward Daphnia; 
further, HPLC analysis  demonstrated that (major 
component of ivermectin) concentrations  were below 10 ppt, 
the assay detection limit (and the Daphnia 48-hr NOEL). 

iv) Aerobic degradation in soil 

Ivermectin  degrades  rapidly outdoors in soil and soWfeces 
mixtures during the summer (half-life of 7 to 14 days) to 
more-polar compounds, and this would preclude accumulation 
of ivermectin in soil? The rate of degradation is reduced in 
winter (half-life of 91-217 days). Such  degradation will also 
reduce  concentrations of ivermectin in manure-fertilized fields. 

Laboratory studies  have shown that under aerobic conditions 
in soil PHIavermectin B,, degrades to at least thirteen 
radioactive  products; half-lives for the drug  (at 1 ppm) in 
Lufkin fine sandy loam, Houston clay and coarse sand soils 
are 14-18,  28-56, and 56 days, respectively.' The major 
degradation  product is an approximately 1:2.5 equilibrium 
mixture of 8a-hydrorryavermectin B,, (an acetal) and the 
corresponding ring-opened aldehyde. At all treatment levels 
in Lufkin fine sandy loam, 90% degradation of rH]avermectin 
B,, occurs within 168 days of exposure. Avermectin B,, is 
strongly absorbed by ditch-bottom sludge (APPENDIX C-8) and 
other soil types and is immobile  (APPENDIX C-6)." It would 
follow that ivermectin wi l l  be affected in a similar manner. 

v) Uptake by vegetation 

Low levels (eo. 1 ppm) of radioactivity  were found in the 
leaves and stems of cotton seedlings grown in Luflrin h e  
sandy loam containing 10 ppm of c8HJavermectin B,,; some 
radioactivity (>3 ppm) was found on the seedling roots, but 
whether it was absorbed or adsorbed was not determined.' 
Little  radioactivity  fiom labeled avermectin B,, or its 
degradates  was  taken into the vascular  system of the cotton 
seedlings. This low level of uptake is consistent with the 
observed lack of phytotoxicity for a number of other  plant 
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species grown in soil containing  avermectin B,.' The observed 
lack of pronounced systemic insecticidal activity for ivermectin 
and avermectin B, in  plants also indicates little or no uptake 
of these compounds by  plants.' 

The slight  uptake by cotton seedlings of radioactivity  fiom soil 
containing PHJavermectin B,,, reported by Bull et al., suggests 
that if soil were to contain the close structural analog 
ivermectin, uptake of the latter by plants grown in the soil 
would also be  Data from Bull et al. concerning lack 
of uptake of radioactivity by grass from a plot treated  with 
["CJavermectin B,, ant bait formulation also support this 
~onclusion.~  In addition, studies  comparing the pesticidal 
activities of directly applied ~8 systemically applied (soil) 
avermectin  demonstrated little or no uptake of the agent from 
soil'. 

Relatively low radioactive residues  were found in crops 
(sorghum,  lettuce, carrots and  turnips) grown in three types 
of soil to which [l4CJavermectin B,, had been  applied 3 to 12 
times at 0.025 to 0.030 lb/acre/application by Moye and 
coworker~'~. Radioassay of the crops indicated a maximum 
total residue of 14 ppb. As only 4.4% of the total radioactive 
residue in a lettuce leaf was  extractable  with acetone, it is 
clear that most of the  residual radioactivity is either 
chemically different from avermectin B,, or present in a 
strongly bound form (probably incorporated into the vegetable 
matter as endogenous small molecules resulting from 
degradation of the avermectin B,,). 

B. Fate scenarios for translocation of  ivermectin in water 
through soil 

i) Feedlot water  runoff 

The 365 mg of ivermectin-related compounds excreted per 
1000 sq R in the cattle feedlot runoff study  can  be compared 
with the 52.5 mg of ivermectin-related compounds excreted per 
1000 sq R (52.5 pg/sq R) in a swine feedlot (Sec. 6. D.i.). If 
it is assumed that the 52.5 mg of ivermectin  residue is 
present to a depth of six inches in the 1000 sq R dirt feedlot, 
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this results in an estimated soil concentration of 2.47 ppb, 
only one-seventh that which would have  pertained in the 
cattle feedlot study. In that study, less than 10 ppt of 
ivermectin  was  present in the water (HPLC assay). Therefore, 
in the swine feedlot, less than 1.5 ppt of ivermectin would be 
expected in the water. The tight binding to soil of the 
excreted ivermectin greatly attenuated  the effective ivermectin 
concentration in the cattle feedlot runoff water. It was also 
demonstrated that toxicity of ivermectin (APPENDIX C-9) and 
avermectin B, (APPENDIX C-10) toward Daphnia is greatly 
attenuated (99%) in  the presence of soil. These results agree 
with the known tight binding and immobility of ivermectin 
(APPENDIX C-5) and avermectin B, (APPENDIX C-6) in 
soil1o*". Consequently, the possibility of transport of 
ivermectin from the feedlot soil by water runoff is remote. 

ii) Fertilized  fieldhearby  body  of  water 

The calculated TLC & for ivermectin in soil, based upon its 
& value of 12,600, is 0.003 to 0.004 (APPENDIX C-5). This 
is consistent with the immobility of avermectin B, on soil TLC 
plates  with  water as a solvent (APPENDIX C-6)." Because 
of the tight binding of ivermectin to soil (soil to water 
distribution of 333, indicating greater than 99% binding) and 
its low water solubility of 4 ppm, only an insignificant  fraction 
of the ivermectin initially  present in water in contact  with 
manure-fertilized soil would  be expected to move with  water 
flowing through soil and  ultimately  into a body of water. This 
insignificant  amount would be krther removed from water (in 
addition to the initial 99%) as the flow  of 
ivermectin-containing water percolated through  additional soil, 
resulting in continuous depletion of ivermectin from solution. 
Although achievement of equilibrium (99% bound) does not 
occur instantaneously,  the  binding process must be very  rapid, 
based on the immobility of avermectin B, on soil TLC plates 
(APPENDIX C-61." If it were  not, the avermectin B, would 
have been carried by the water solvent up the soil TLC plate, 
rather than remaining at the origin. By analogy, ivermectin 
(calculated soil TLC & of 0.003-0.004; APPENDIX C-5) in 
contact with soil would not be expected to be readily 
transported by water across soil particle  surfaces. 
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C. Summaw of fate studies and scenarios 

The impact of the tight soil binding of ivermectin and of its 
degradation  characteristics upon the estimated  concentration 
of the drug  entering the environment (see Sec. 6.D.) is 
addressed below. 

Two initial concentrations of ivermectin in soil are considered, 
0.74 ppb and 0.083 ppb (Table l), arising from use of swine 
excreta (collected  over 133 days) directly as fertilizer, and 
from use of water-washed  waste collected for 133 days, 
respectively. These two values reflect the  upper  and lower 
estimated  concentrations  anticipated fi-om use. It can be 
reasonably assumed that  they would  be reduced (99%) by soil 
binding to  estimated concentrations of unbound  ivermectin 
residues of 7.4 and 0.83 ppt in water  that is in direct contact 
with the fertilized soil. The ivermectin  residue  concentration 
in  water  en  route  to a nearby body of water (e.g., pond) would 
be decreased by multiples of 99% because of adsorption to soil. 
Just one  adsorptioddesorption  equilibration would reduce the 
above concentrations by a factor of 100, to 0.074 and 0.0083 
ppt, respectively. A greater  distance between the fertilized 
field and the body  of water would require more extensive 
movement, through  unfertilized soil, of water carrying 
dissolved unbound ivermectin, resulting in further binding and 
greater reduction in available ivermectin. Even if traces of 
ivermectin were to reach a body of water, as it entered, up to 
99% of the  drug would be bound by suspended soil 
particulates  and  sediment (to give estimated  concentrations of 
0.00074 and 0.000083 ppt). These concentration changes are 
summarized in Table 2, and do not  include  dilution effects. 
Further, the unbound ivermectin in the pond  would undergo 
rapid photodegradation (calculated summertime  and 
wintertime half-lives of approximately 12 and 39 hours, 
respectively, APPENDIX C-2) and the initial concentrations 
decrease (see Figure 3) in 4 days by factors of -2 (winter) and - 16 (summer). 

That ivermectin in contact with soil is most unlikely to 
undergo translocation sufficient to lead to concentrations >10 
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ppt in a nearby body  of water is supported by the cattle 
feedlot runoff study. Runoff water collected directly from the 
feedlot (365 pg ivermectin  residue  per sq R) was  not toxic to 
Daphnia (used as a biological monitor for ivermectin 
concentrations) and was shown by HPLC analysis to contain 
4 0  ppt of the drug. In a swine dirt feedlot the expected 
level of excreted ivermectin residue would  be only 52.5 pg/sq 
R, approximately 15% that in the cattle feedlot. It thus 
appears very  reasonable to conclude that runoff water from a 
dirt swine feedlot would contain less than 1.5 ppt ivermectin. 

Given the tight binding of ivermectin to soil, which greatly 
reduces its effective concentration, significant transport of 
ivermectin  residues from fields fertilized with swine manure 
to bodies of water  in the vicinity is highly unlikely. Both 
oxidative degradation in soil under aerobic conditions and 
photodegradation (especially in water) will diminish the 
environmental concentration of ivermectin. Based on the 
discussion of soil binding, soil metabolism and 
photodegradation, it can be reasonably predicted that 
ivermectin  present in the environment would not be expected 
to undergo signifkant movement or  translocation, and would 
not accumulate. Given its environmental fate characteristics, 
ivermectin will be readily  eliminated from the  aquatic  and 
terrestrial environment. 
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Table 2 
EFFECT OF SOIL BINDING UPON  IVERMECTIN 

CONCENTRATIONS ARISING FROM USE OF MANURE 
CONTAINING  DRUG  RESIDUES AS FERTILIZER 

Conc Entering 
Conc in Pond Following  Conc In Pond 

Initial Water in Movement Through Following 
Conc Contact Unfertilized Binding To 
In soil With Soil'  Soilb Soil Sediment" 

DIRECT 
USE OF 
MANURE 0.74 ppb 7.4 ppt 0.074 ppt 0.00074 ppt 

USE OF 

WASHED 
WASTE 0.083 ppb 0.83 ppt 0.0083 ppt 0.000083 ppt 

WATER- 

' Assumes 99% remains bound to soil. 
Assumes only a single loss of 99% (i.e., fertilized soil 
adjacent to pond). 

e Assumes a second loss of 99%. 

8. Environmental  effects of released  substances 

A. Environmental  effects  studies 

i) Toxicity  toward Daphnia 

Daphnia, the freshwater  aquatic  species found to be  most 
sensitive to ivermectin (48-hr LC,,, 48-hr NOEL and 
estimated 21-day MATC of 25, -10 and 4 ppt, respectively) 
will be  used for aquatic  hazard  assessment  purposes. The 
effects of ivermectin,  avermectin and  related compounds upon 
a number of aquatic species (including Daphnia), as determined 
in laboratory tests, were reported in previously submitted 
environmental  assessments,  and are summarized in Table 3. 
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TABLE 3 
EFFECT OF IVERMECTIN, AVERMECTIN AND RELATED COMPOUNDS 

UPON AQUATIC SPECIES 

COMPOUND SPECIES EFFECT REFERENCES 

Ivermectin 

Ivermectin (qB,,) 
Monosaccharide 

Ivermectin (v,,) 
Aglycone 

Ivermectin 

F e c e s   f r o m  
ive rmec t in -dosed  
swindsoil column 
percolatesb 

F e c e s  f r o m  
ive rmec t in -dosed  
steer/eoil  column 
percolate2 

Ivermectin 

Ivermectin 

Avermectin B, 

Avermectin Bh 

Avermectin B, 

Avermectin B, 

Avermectin B, 

Daphnia 

Daphnia 

Daphnia 

Daphnia 

Daphnia 

Daphnia 

Bluegill 
Sunfish 

Rainbow 
Trout 

Daphnia 

Bluegill 
Sunfish 

Carp 

Channel 
Catfish 

Mysid 
Shrimp 

&hour 
LC, 25 PPt 

LC, 400 PPt 
&hour 

48-hour 
LC, >17,000 
PPV 
&hour NOEL 
-10 ppt 

48-hour 
LC, >730 ppt' 

48-ho~r 
LC, -3,200 ppt' 

96-hom 
LC, 5.3 ppb 

96-hour 
LC, 3.3 ppb 

48-hour 
LC, 340 PPt 

E s t i m a t e d   L e t h a l  
Threshold 6.7 ppb, 
NOEL 2.3 ppb (Dynamic 
7-Day Toxicity Study) 

96-hour 
LCm 42 P P ~  

96-hour 
u=, 24 PPb 

L C m  22 P P ~  
%-hour 

Reference 10 

Reference 10 

Reference 10 

Reference 10 

Reference 10 

Reference 10 

Reference 8 

Reference 8 

Appendix D-10 

Appendix Dl9 

Appendix D-11 

Appendix D-12 

Appendix D-13 
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TABLE 3 (Continued) 
EFFECT OF IVERMECTIN, AVERMECTIN AND RELATED  COMPOUNDS 

UPON AQUA!t'IC SPECIES 

COMPOUND SPECIES EF'FECT REFEXENCES 
Avermectin B, Sheepshead S h o w  Appen dix D-14 

Avermectin B, 

Avermectin B, 

Avermectin B, 

d*-Avermectin 
B,, (photochemical 
degradation product 
of avermectin B, 

8a-Hydroxyavermec- 
tin B,, (aerobic 

soil degradation 
product of 
avermectin B,, 

Avermectin B, 

Ivermectin 

Avermectin B, 

Avermectin B, 

Avermectin B, 

Avermectin B, 

Ivermectin 

minnow 

OY- 

Rainbow 
Trout 

Bluegill 
Sunfish 

Daphnia 

Daphnia 

Daphnia 
(Life  Cycle) 

D a p h n i a  
(Life  Cycle) 

M y s i d  
Shrimp (Life 
Cycle) 

R a i n b o w  
Trout 
(EM)' 

Duckweed 

Selenaetrum 
capncornu- 
turn 
Chlorella 
E;lrrenoidOB€l 

LC, 15 PPb 

&how 
EC, 430 ppb 

S h o w  
LC, 3.6 ppb 

96-hour 
LC, 9.6 ppb 

&hour 
LC, 14 PPb 

21day MATC 

ACRd 6.6 

Estimated MAW 
4  PPt 

0.03-0.09 ppb 

28-day MAW 

ACR 3.8 
0.0036-0.0096 ppb 

MAW 0.52-0.96 ppb 
ACR  4.6 

14day 
EC, 3900 ppb 

%day EC, 
l~,oo(-) PPb 

Maximum Growth Rate, 
No Effect a t  10,OOO ppb 

Appendix D-16 

Appendix D-1 

Appendix D-2 

Appendix D-8 

Appendix D-9 

Appendix D-16 

Calculated Value' 

Appendix D-17 

Appendix D-18 

Appendix D-4 

Appendix D-5 

bference 10 
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a LC, could not be determined  accurately as the highest concentration 
of the aglycone studied  was 17,000 ppt. 

Feces from swine or steers (see footnot&) dosed with radiolabeled 
ivermectin was mixed with soil and applied to the tops of soil 
columns. Water  was allowed to percolate through the columns and 
tested. 

Because the low concentrations and low toxicities of ivermectin- 
related compounds in fecedsoil column percolates limited the extent 
of testing, sufficient data could not  be collected to calculate toxicities 
accurately. 

ACR = Acute to Chronic Ratio; LCJMATC (Maximum Acceptable 
Toxicant Concentration). 

e An estimated MATC  for ivermectin was calculated from the 21-day 
MATC for avermedin (30 to 90 ppt; geometric mean of 52  ppt)  and 
the ratio of the ivermectin and  avermedin 48-hr LC, values for 
Daphnia  (25 and 340 ppt, respectively):  W52 = 25/340; X = 4 ppt. 

Early life stage, 60-day study. 
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Ivermectin and avermectin B, show comparable  aquatic 
toxicity; however, ivermectin is more toxic to daphnids than 
is avermectin B,. The concentrations at which toxicities are 
observed in these tests should be regarded as "worst-case" and 
not be directly compared to  estimated exposure  concentrations 
in Sec. 6.D. without consideration of environmental  fate 
discussed in Sec. 7. Ivermectin and avermectin B, show 
comparable mammalian toxicity." 

ii) Fish 

Fish are at least 100-fold less sensitive to the toxicity of 
ivermectin than are Daphnia. The ivermectin 96-hr LC, 
values (Table 3) for rainbow trout  and bluegill sunfish are 3.3 
and 5.3 ppb,  respectively.' In general, the acute toxicity of 
avermectin  toward fish [e.g., LC,, values of 3.6 and 9.6 ppb 
for rainbow trout (APPENDM D-1) and bluegill sunfish 
(APPENDIX D-21, respectively] is approximately the same as 
that exhibited by ivermectin. 

iii) Bioconcentration in sunfish 

The bioconcentration of PHIavermectin B,, by the bluegill 
sunfish is modest and occurs gradually (APPENDIX D-3). In 
water containing 0.099 pg of test compound per liter (0.099 
ppb) the daily bioconcentration factor for whole fish was only 
19 to 69, with a tissue uptake concentration for  whole fish 
of 1.9 to 6.8 ppb; accumulation ceased by about  day  ten. A 
95 percent clearance of radioactivity for whole fish was found 
for a 14-day depuration period; the whole-fish concentration 
dropped fiom 6.8 to 0.32 ppb (day 14). This bioconcentration 
value of less than 100 and the rapid  depuration are 
favorable, as they  demonstrate that avermectin B,, (and hence 
ivermectin) in fish does not concentrate and is not  retained. 

iv) Toxicity toward other aquatic species 

The toxicity of ivermectin and  avermectin B, toward other 
aquatic species is also presented in Table 3. Ivermectin has 
a moderate effect upon the growth characteristics of Chlorella 
pyrenoidosa, a fresh  water  unicellular, non-motile chlorophyte, 
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at the relatively  high  concentrations of 1 to 10 ppm." 
Avermectin B, exhibits  14- and 9-day EC, values of 3,900 and 
100,000 ppb, respectively, with duckweed  (APPENDIX  D-4) 
and a fkeshwater algae (Selenasnum cupricornutumXAPPENDIX 
D-5). 

v) Phytotoxicity 

The lack of phytotoxicity or  other  adverse effects on plant 
growth by avermectins  have been demonstrated with 
avermectin B, and three analogs in approximately  eighty 
greenhouse and field studies with numerous  plant species 
(alfalfa,  apples, cabbage, collards, corn, cotton, cucumbers, 
grapefruit,  lima  beans,  oranges, peaches, pears,  peanuts, 
potatoes, and sweet corn) at a wide variety of foliar and soil 
application rates.*  Slight stunting of tomato plants  was noted 
in one field trial when avermectin B, was applied a t  136 
g/acre; however, in two other trials conducted by the same 
researcher  under  similar conditions and at up to 10-fold 
higher avermectin soil-incorporation rates, no phytotoxicity 
was observed. 

vi) Toxicity  toward insects 

Both ivermectin and avermectin are toxic toward a wide 
variety of agricultural  pests including the Mexican bean 
beetle,  Southern  army worm, aphids, and mites. The  effect 
of ivermectin upon animal  ectoparasites  including flies, fleas, 
lice, ticks, and mites has also been determined.I6 A review 
article by Strong  and Brown discusses the avermectins in 
insect control." 

vii) Nitrification 

Avermectin B, has no effect upon nitrification in humic sandy 
or loam soils at up to 0.4 mgkg soil, or 0.4 ppm (APPENDIX 
D-6). There  was no effect upon nitrification  or  respiration for 
soil containing 30 ppb (the  highest concentration  tested) of 
ivermectin and metabolites in feces from subcutaneously dosed 
(300 & k g )  steers." 
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viii) Antibacterial and antifungal activities 

Avermectins do not  have  significant  antibacterial  activity 
except at extremely high concentrations." Onishi and Miller 
reported that avermectin B,, lacks  detectable  antifimgal 
activity at 400 ppm." Using standard  antibacterial  and 
antihngal screens,  ivermectin has been shown to have no 
antibacterial  or antihngal effects at concentrations as high as 
2000 ppm)." 

ix) Methanogenesis 

Avermectin B, was found to impair the total gas production 
and the methane production of anaerobic methane-forming 
bacteria above  a concentration of 1000 mg/L or 1000 ppm, the 
NOEC  (APPENDIX D-7). The EC, for total  gas production 
was  determined (by extrapolation) to be >>3200 mgL; a 
significant inhibition of methane production rate could not be 
detected. 

x) Earthworm  toxicity 

The LC, earthworm toxicity for ivermectin is 315 mgkg soil 
(315 ppm) and the corresponding 96-hr NOEL is 12 ppm." 

xi) Additional pharmacology and toxicity 
information 

An overview of the pharmacology of ivermectin and 
information on the toxicity of ivermectin to soil microbes, 
plants, various  aquatic  organisms,  nematodes,  arachnids, 
insects, and annelids, as well as a literature review, can be 
found in the s u m m a r y  of the Environmental  Assessment for 
IVOMEC@ (ivermectin) Injection for  Swine.' The present 
Environmental Assessment supplements this with recent 
information on ivermectin and supporting information on 
avermectin B, as discussed above. Summaries of these reports 
can be found in  the Appendices. 
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B. Environmental hazard assessment 

i) Hazard  assessment in aquatic ecosystems 

As mentioned earlier, Daphnia is the freshwater  aquatic species 
found to be most sensitive to ivermectin. The 48-hr LCw, 
48-hr NOEL and calculated 21-day MATC values for 
ivermectin  toward Daphnia are 25, -10 and 4 ppt, respectively 
(see Table 3). As indicated in Sec. 7.B.i. the presence of soil 
in the test systems reduced the toxicity of ivermectin and 
avermectin B, toward Daphnia. 

The feedlot runoff study involving subcutaneously dosed steers 
weighing 365 kg (APPENDIX C-7) demonstrated that, even 
with five steers excreting a total of 365 mg of 
ivermectin-related compounds (73 mglsteer) into an area of 
only 1000 sq R, the runoff water showed no acute toxicity 
toward Daphnia and no (e10  ppt by HF'LC analysis) 
ivermectin. Tight binding to soil of the excreted ivermectin 
greatly  attenuated its toxicity toward this aquatic species. 
Lack of toxicity should also pertain  with a swine feedlot 
runoff, as the expected amount of ivermectin residues 
introduced in swine  excreta will be only about 15% that for 
the above-described cattle feedlot (52.5 pg/sq R ~8 365 &sq 
R). It can  be  reasonably concluded that runoff water from a 
swine feedlot would contain no more than 1.5 ppt of 
ivermectin residue, which is below the calculated 21-day 
MATC value of 4 ppt. 

The likelihood of introduction of toxicologically significant 
amounts of drug-related compounds into the aquatic 
environment  through runoff from swine manure  used as 
fertilizer is remote. As calculated in Sec.  6.D.ii.a., spreading 
swine manure on a field a t  the rate of 25 tondame  results  in 
15.7 pg of ivermectin  residue per sq R, E 365 pg/sq R for the 
cattle feedlot study (factor of  1/23]. As no toxicity toward 
Daphnia was observed with runoff water from the cattle 
feedlot, it is highly unlikely any would  occur with  water from 
a swine-manure fertilized field. As was  estimated in Sec. 
7.C., because of tight binding to soil and sediment,  ivermectin 
concentrations  (ranging from a high exposure to a low 
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exposure; Table 2) in a body  of water (as a result of use of 
drug-containing manure as fertilizer) would be 0.00074 to 
0.000083 ppt,  far below the 48-h LC,, 48-NOEL and 
calculated 21-day MATC for Daphnia. Metabolites of 
ivermectin &om cattle,  sheep  and swine (tested  individually 
or as feces-soil column percolates) possess much less toxicity 
toward Daphnia than the  drug itself  (Table 3).* Further, 
photodegradation of the unbound ivermectin in water would 
rapidly remove the traces of drug from the aquatic 
environment. This is graphically illustrated in Figure 3. The 
initial concentration of only 0.00074 ppt would drop [by 
factors of  -2 and -16 ( in  winter  and summer, respectively) 
within 4 days] to even farther below any levels of toxicological 
concern, even toward Daphnia. If the swine received medicated 
feed during  the midpoint of their  stay in the feedlot, i.e., the 
week during which they receive 2.4 kg of feed per day,  direct 
use of the manure collected  over the  entire feedlot period as 
fertilizer would lead to an initial concentration of ivermectin 
in the aquatic  environment of only 0.002 ppt (0.00074 ppt x 
2.4/1), rather than 0.00074 ppt (see Table 2). This higher 
concentration is still far below any level of concern with 
respect to toxicity toward Daphnia (see Figure 3). Even if the 
swine were given medicated feed  twice,  once when they are 
-15 kg b.w. and receive -1 kg of feed per  day, and also later 
when they receive 2.4 kg of medicated feed per  day, the initial 
aqueous  concentration would  only be 0.003 ppt (0.00074 ppt 
+ 0.00074 x 2.4/1). 

According to the Environmental  Assessment  report for 
IVOMEC (ivermectin) 1% Injection for Swine (NADA 135- 
OOS), in certain  instances 67 to 60 tons of manure  per acre 
appears to be the highest application rate used for swine 
wastes. At 60 tons  per acre, the concentration of ivermectin 
in  the aquatic  environment would  be 0.007 ppt (0.003 ppt x 
60/25) when swine are given medicated feed twice, see above 
paragraph. The photodegradation pathway  (plus  degradation 
resulting fiom aerobic metabolism in soil) increases an already 
more than adequate margin of safety for the use of ivermectin 
in feed  for swine. 
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As ivermectin is toxic toward Daphnia at very low 
concentrations, this Environmental  Assessment has focused on 
this species. It is clear that the environmental  fate 
characteristics of ivermectin make it highly  unlikely that 
environmental  concentrations will reach levels toxic to any 
aquatic species, including Daphnia. Data in Table. 3 also 
support  the view that ivermectin-related compounds such as 
its monosaccharide and aglycone, and  cattle  and swine 
fecedsoil column percolates, which contain  ivermectin 
degradatedmetabolites, are much less toxic than the parent 
compound. Avermectin B, is less toxic toward Daphnia than 
is ivermectin, and the known degradation  products of 
avermectin B,, (e.g., the A*’@-isomer and the 8u-hydroxy 
compound) are also much reduced in toxicity toward Daphnia 
compared to their parent compound (APPENDIX D-8 and D- 
9, respectively). 
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FIGURE 3 

Comparison of lvermectin 48-h NOEL and Estimated 
21-d MATC for Daphnia  with  Effective  lvermectin 
Concentration in Pond as Impacted  by  Photodegradation. 
Scenario Involves  Introduction of lvermectin  from  Nearby 
Fields in which Swine Manure is Used as Fertilizer. 
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Fish are at least 100-fold less sensitive to the toxicity of 
ivermectin than are Daphnia. The ivermectin 96-hr LC, 
values (Table 3) for rainbow trout  and bluegill sunfish are 3.3 
and 6.3  ppb,  respectively.* These concentrations are far 
higher (factor of at least one-hundred  thousand) than  the 
estimated  concentrations that might occur in ponds as the 
result of swine receiving ivermectin in feed. Other aquatic 
species (e.g., chlorophytes, duckweed and algae) would also 
be exposed to ivermectin concentrations  (resulting from the 
use of ivermectin-containing manure as fertilizer) far below 
those (pprn) that would exhibit an effect on such species. 

ii) Hazard assessment in terrestrial  ecosystems 

Given the low concentration of ivermectin  residues in soil 
fertilized at 25 tons/acre with manure from ivermectin-treated 
swine (0.74  ppb), no deleterious effects would be expected 
toward plants,  earthworms, hgi or baderia. For example, 
the ivermectin LC,, toward the  earthworm is 315 ppm (96-hr 
NOEL of 12 ppm). Application of manure to a field at the 
maximum use rate of 25 tonslacre would lead to a 
concentration of 0.74 ppb. Use of water-washed  waste (also 
133-day collection) would result in a lower soil concentration 
of 0.083 ppb.  Any potential effect the low concentrations of 
ivermectin  or its metabolites in soil might  have upon life 
forms in soil would  be greatly diminished by degradation of 
ivermectin in the soil. 

C. Handler  safety  considerations 

I V O M E O  Premix (ivermectin) Type A Medicated Article for 
Swine contains ivermectin at 0.6% weightlweight in a finely 
ground corncob premix formulation. This premix is intended 
to be blended with swine feed at the rate of 303 g per ton 
of swine feed resulting in 1.82 grams of active  ivermectin in 
a ton of feed. The product is intended to be used in a 7-day 
treatment program in growing swine. 

Ivermectin has been  tested for acute oral toxicity in a variety 
of laboratory animal species." Acute toxic effects are 
characterized by signs of CNS toxicity including  tremors, 
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mydriasis and lethargy. The acute  oral LD, values  range 
from about 80 mgkg  in dogs to about 30 mg/kg in mice. The 
dermal LD, values for ivermectin following 24 hours occluded 
exposure in rabbits  and rats are 406 mg/kg and >660 mgkg, 
respectively. The  potential for percutaneous  absorption of 
ivermectin contained in the IVOMEW Premix  (ivermectin) 
Type A Medicated Article for Swine is discussed in more 
detail below. 

In assessing the toxicity of ivermectin, it is important to note 
that rodents,  and mice in particular, are poor models for 
predicting the effects of ivermectin in humans. For example, 
doses of ivermectin of 0.2 mgkg produced clinical signs of 
drug effects (tremors  and  ataxia) in mice." This dose (0.2 
mgkg) of ivermectin (MECTIZANB) is used to treat 
onchocerciasis infections in  humans. To date, more than 
300,000 people have been treated for onchocerciasis with no 
serious  drug-related adverse effects; MECTIZANO is approved 
for use in more than 20 ~ountries.'~ 

A comparison of acute exposure data  in Rhesus monkeys with 
humans suggest that primates are a better model for 
predicting the effects of ivermectin exposure in man. In 
monkeys, the minimum acutely toxic oral dose is 2 mgkg 
based on a 25% incidence of emesis in treated animals." Peak 
plasma levels at  this dose were 110 ng/ml or about 6-fold the 
human  therapeutic plasma concentration. Doses of 8-24 mg/kg 
in monkeys produced mydriasis and  sedation in addition to 
emesis  with no deaths, despite  plasma levels up to 680 ng/ml. 
These signs are similar to those  reported in a carefblly 
documented case of a  child after accidental ingestion of about 
8 mgkg ivermectin. Emesis, mydriasis and  sedation  were 
reported in this individual followed  by complete recovery. 
Therefore, the available information indicates that the primate 
is a better model  for predicting the effects of human exposure 
of ivermectin than rodents. In addition, a two-week repeat 
dose  monkey study with ivermectin administered at dosage 
levels up  to 1.2 mg/kg/day  produced no evidence of toxicity. 

Developmental toxicity studies conducted with ivermectin in 
rats,  rabbits  and mice have shown that the  drug is not 
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selectively toxic to the fetus. No effect levels for embryo/fetal 
toxicity were a t  or  near  those that produced severe 
maternotoxicity and even death in some pregnant animals, 
therefore, a risk assessment for developmental effects based 
on maternal exposure will provide even greater safety  margins 
for developmental toxicity." This is supported by target 
animal safety studies conducted in a variety of domestic 
animal species a t  2- or %fold the recommended use level of 
ivermectin with no evidence of developmental toxicity. In 
addition, an extensive clinical use of ivermectin in these same 
species with over a billion doses administered to cattle,  sheep, 
horses,  swine and dogs has confirmed the  safety of this  drug 
in  pregnant animals. 

The  primary  route of potential exposure during  handling of 
the TVOMECO Premix  (ivermectin) Type A Medicated Article 
for Swine is dermal. The risk of systemic torticity to the users 
of the TVOMECB Premix (ivermectin) Type A Medicated 
Article formulation is low, based on the limited use of the 
product (one 7-day feeding period), and on results of acute 
dermal  penetration  studies  and  dermal toxicity studies  in 
rabbits  and monkeys. As mentioned earlier, the dermal LD, 
value for ivermectin following a 24-hour occluded exposure in 
rabbits  and  rats is 406 mgkg  and >660 mgkg, respectively. 
Additional information on the potential for percutaneous 
absorption of ivermectin can be found in the dermal  penetra- 
tion study conducted in Rhesus monkeys with avermectin B,.." 
Avermectin B,, is the precursor for the synthesis of ivermectin 
Bl,, differing from the  latter only in being unsaturated  at the 
22, 23 position. Based on this similarity, the percutaneous 
absorption of avermectin B,, is believed to be a good  model 
for assessing ivermectin dermal  penetration. 
To determine the percutaneous  absorption of avermectin Bl,, 
the amount of radioactivity excreted in the feces was 
determined in a group of four monkeys a h r  an i.v.  dose or 
dermally applied doses of 6 or 300 microgramdmonkey  spread 
over a 6 cm2 area." A comparison of these amounts in the 
dermal exposure group to those achieved following  i.v. 
treatment  (representing 100% absorption) gives the percentage 
of the dose absorbed percutaneously. Tritiated avermectin B,, 
was applied to the skin in an isopropano1:water (6.7% 
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isopropanol) suspension, or in a hexanol based formulation or 
this formulation diluted with water. Topical exposures of one 
and  10  hours were done with collection of plasma, feces and 
urine to determine areas under the plasma concentration- 
time  curve (AUC) and  total  amount excreted. Each monkey 
received the drug intravenously to establish its individual 
pharmacokinetic parameters  and after a 6-week wash-out 
period, the animals were retreated d e d y  6th each  animal 
serving as its own control. 

When the monkeys were treated i.v., more than 96% of the 
administered dose was recovered from feces, whereas with 
dermal  application 299% of the dose  recovered was recovered 
at  the topical site of application. A comparison of the 
excretion data confirmed these results by indicating that only 
about 0.5% of the dermally applied dose was absorbed even 
after a 10-hour exposure to all three vehicles. The poor 
penetration of avermectin B,, through  skin is consistent with 
it relatively  high molecular weight (873) and  high lipophilicity, 
preventing it from penetrating  into  the  plasma compartment. 

The  dermal absorption of avermectin (ivermectin) through 
monkey skin, which is similar to human  skin in regard to its 
percutaneous absorption characteristics, was found to be 
about 0.5% aRer 10 hours.20*2' The fact that ivermectin is 
present in the swine premix adsorbed on fine  ground corncob 
carrier  makes the potential for dermal  absorption &r 
incidental  contact  extremely small. 

Discussion of the toxicology studies  relevant to human safety 
can be found in the Freedom of Information Summaries 
associated with notification of a proval of ivermectin for 
previous antiparasitic indications.** P 

9. Use of resources and energy 

The raw  materials utilized to manufacture  avermectin, ivermectin, 
and the lVOMEC@ Premix  (ivermectin) Type A Medicated Article 
for Swine are in ample commercial supply. Energy  usage for the 
manufacturing  and  formulation of IVOMEC@ Premix (ivermectin) 
Type A Medicated Article for Swine will result  in a small increase 
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in energy  utilization  since production will occur at existing Merck 
facilities. 

No effects upon  endangered  or threatened species and upon 
property listed or eligible for listing in the National Register of 
Historic Places are anticipated. 

10. Mitigation  measures: 

The  measures  taken to avoid potential  adverse  environmental 
impacts associated with the  manufacture of IVOMEW Premix 
(ivermectin) Type A Medicated Article for Swine include proper 
disposal of Liquid and Solid Waste as described in Section 6 of 
this Environmental Assessment. 

The following paragraph on the label minimizes the potential 
adverse  impacts associated with the use and disposal of 
IVOMEC@ Premix (ivermectin) Type A Medicated Article for 
Swine: 

"Environmental Safetv. Studies  indicate that when  ivermectin 
comes in contact with the soil, it readily  and  tightly  binds to the 
soil and becomes inactive over time. Free ivermectin  may 
adversely affect fish and  certain water-borne 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  or by incineration." 

11. Alternatives to the proposed action: 

At this time there are no alternatives to chemotherapeutic agents 
for the control of the important endo- and  ectoparasites of swine. 
Compared to the majority of the agents now used, IVOMECB 
Premix (ivermectin) Type A Medicated Article for Swine ha8 two 
important  attributes. It has a very broad spectrum  and therefore 
obviates the need for multiple treatments with different  agents; 
and it results in the release into the environment of negligible 
amounts of active  ingredient and metabolites. From an 
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environmental  standpoint, IVOMEOB Premix (ivermectin) Type A 
Medicated Article for Swine poses an environmental risk which 
is minimal compared to the alternatives. 

12. List of preparers: 
Bruce A. Halley B.A. - Chemistry, 1970 

The College of Wooster 
Wooster, Ohio 

Ph.D. - Organic  Chemistry, 1977 
The University of California, 
Santa Barbara 
Santa Barbara,  California 

Research Fellow, 
Animal and Exploratory Drug 
Metabolism 
Merck Sharp & Dohme Research 
Laboratories 

Richard Robertson B.S. - Chemistry, 1967 
The Citadel 
Charleston, South  Carolina 

M.S. - Bio-Chemistry, 1969 
University of Georgia 
Athens, Georgia 

Ph.D. - Bio-Chemistry, 1971 
University of Georgia 
Athens, Georgia 

Executive Director, 
Toxicology and Developmental Biology 
Safety Assessment 
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W.J.A. VandenHeuvel AB. - Chemistry, 1966 
Princeton  University 
Princeton, New Jersey 

Ph.D. - Organic Chemistry, 1960 
Princeton  University 
Princeton, New Jersey 

Senior Investigator, 
Animal and Exploratory Drug 
Metabolism 
Merck , Sharp & Dohme Research 
Laboratories 

Bruce Wallington B.S. - Chemical Engineering, 1982 
New Jersey Institute of Technology, 
Newark, New Jersey 

Engineering Associate 
Corporate Environmental Resources 

Theodore Wishousky B.S. - Chemistry, 1971 
The Pennsylvania State University 
University Park, Pennsylvania 

B.S. - Bio-Chemistry, 1971 
The Pennsylvania State University 
University Park,  Pennsylvania 

M.S. - Chemistry, 1976 
Villanova University 
Villanova, Pennsylvania 

Ph.D. - Analytical Chemistry, 1980 
Villanova University 
Villanova, Pennsylvania 

Director, Regulatory Af fa i rs  - ASR 
Merck Sharp & Dohme Research 
Laboratories 
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13. Certification: 

The undersigned official certifies that the idormation presented 
is true, accurate  and complete to the best of the knowledge of the 
prospective contractor  or  applicant  submitting the environmental 
assessment. 

Signature: 2iiL-t Date: z/T</y/ 
(Edward M. Convey, P 

Title: Executive Director, Regulatory Affairs 

Signature: @am Date: V!(h 
(Dorothfl. Bowers, P.E.) 

Title: Executive Director, Corporate Environmental Resources 
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APPENDM B-1 

Materia3 Safety Data Sheets for Avermectin in Broth; 
Avermedin Spent Broth,  Detoxified;  and Avermedin Pure 
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HEBCK L CO.,IIYC., P.O. BOX 2000, W A Y ,  RJ 07065 
Her& Chemical  Hanufactruing  Division 

****e SdFgTY D m  SHEgZ ***e* 

LABEL "B: AWRMECTIII BP- PLAHT HSDS  CODE 

Emergency Telephone (201) 594-5555 

418 

-68 

SECTIOll1 - M A T E R I A L  IDEHIITICAIIOII 0 o o 

Chemical Rae- A fermentation  broth of Avermectins 
(primarily  Avcrmectin Bla md Blb) 

Synonyms (Common)-  -Avermcctin  Broth, Avermectin  Whole  Broth 
(Chemical) -Ua$n 

Material  Statistical Eumber-----2-99427 

Material  Product lVumbcr----Unhown 

Chemical Classification------- Glycosides 

Intended Use------ --- Avermectin  Process 

Molecular  Molecular 
ComDonent  Formula We inht CAS 19umbcr Percent t%) 

A mixture of avennectins 
in fermentation broth- 
primarily  Avermectin  Bla 
and Avennectin  Blb UnImOwn unknown Bla=6519545-3  Variable 

Appearance---------- ---- Amber  colored  liquid 

Odor/Threshold  Level (ppm)---Characteristic fermentation  odor 

Boiling Point (%/OF)---- Unknown 

Freezing  Point ( O W O F )  unknoun 

Melting Range ( O W O F )  uxlknovn 

pH --- unknown 

Solubility in vatcr  Soluble 

Specific  Gravity (Water = l)-C8. 1 

Vapor  Density (Air=l) unknown 

*e* Continued on next page *** 
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mPCK & Coo) 1flC.m P o 0 0  Bm 2000, RAHWAYy, l.J- 07065 
Her& Chemical  Hannfacturing Division 

LABEL RAMB: A\TERMECJTIX BROTH 

Emergency  Telephone W b e r  (201) 5944S55  

419 
PLbloT m s  CODE 
CB-068 

Volatile  Componentr ( X  v / v ) - - 4 o t  applicable 

Flash  Point (OC/OF)------- 4 0 t  applicable 

Flash Point  Test Method----- 4 0 t  applicable 

Autoignition  Temperature (°C/oF)--mLknown 

Flammable  Limits -LEL (%)--4ot applicable 
-UEL ( X ) - - - - 4 0 t  applicable 

Combustibility Information----own 

Dust  Exploaivity Information--ovn 

Shock  Sensitivity Infomation-om 

Extinguishing Media------ ----------Use vatet  to  fight  fires  involving 
avermectin  whole broth. 

Special  Fire  Fighting Proccdures-Firefighters must vear  full protective 
equipment  including self-contained. 
breathing  apparatus. A decontamination 
station  must be used by firefighters at 
the completion of  their job.  

Fire/Explosion Hazards------Xont known 

Hazardous  Decomposition  Products  Resulting  From A Firc-Bone known 

-Stability (Rormal Storage Conditions)-Stable solution  under  normal 
conditionsof  rtorage, use at misuse. 

Storage  Conditions to A v o i d 4 o n e  known 

Thermal  Stabilitp/Iaatability Information-Unknown 

Incornpatabilities (Chemical Entities)-nonc known 

Incompatabilitics  (Materials of Canstruction)-U&uown 

Hazardous  Polymerizations none known 

*** Continued on next page *** 
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)IEBCK h CO., IHC., BOX 2000, IUHWAX, )1. J. 07065 
Werck Chemical  Iknufacturing Dirision 

420 

LABEL l"E: AVKRHBCJCIII BPQTB 

Zmergmcy  Telephone lCllmber (201) 594-5555 

PLART XSDS CODB 
CH-068 

Eye Contact- Flush eyes vith plenty of water for 5 
minutes and set  medical attention. 

Skin Contact-------  -Flush affected  area vith soap  and  water 
and  get  medical  attention if irritation 
develop8 

Inhalation---------- -----Remove victim to fresh  air  supply  and 
seek quick  medical attention. 

Botcs to Physician--------  -none 

Component 

OSRA ACGIH-1988-89 Merck 
Permissible Threshold Exposure 

Exposure Limit Limit  Value Control  Limit 
(PEL) (=VI (ECL) 

A mixture of avermectins Bot  established Not established  Bot  established 
in fermentation  broth - 
primarily  Avermectin  Bla 
and  Avermectin  Blb 

Carcinogen Designation----Urhovn 

kffects of Acute  XxDosure 

Eye Contact--- - 4 a y  cause  alight eye irritation. 

Skin Contact----- Ron-irritating to  the  akin  vhen 
topically  8pplied,  but  rkin  absorption 
may  cause  toxic reactions. 

Inhalation- Animal  8tudier  rhov 8 lov  order of 
toxicity ria inhalation of pure  active 
ingredient 

fng es t i on----- Pure active ingredient has caused 
central  nervous  system  effects  via 
ingestion  in  animal studies. 

*** Continued on next page *** 



LABEL XAMB: AVEB)IIECnH BEUIE 

Euergmcy Telephone  Runber 201-S94-5555 

PUEI XSDS CODE 
-68 

Bffects of Chronic -sure 100 information on chronic  health 
effects in humans. Avermectin  has been 
shown to be non-mutagenic in the Ames 
Test  and  the  Hicronucleus Test. 

Ouantitative Toxicim Dam 
LC50 - Dapbnla  Magna, 48 hour8 0.34 ppb 
LC50 - Rainbov  Trout, 96 houre 3.2 ppb 
LC50 - Bluegill  Sunfish, 96 hour8 9.6 ppb 

Steps  to  be taken in case  materials released: 
Immediately  contact  emergency  response 
personnel. Keep  unnecessary  persons 
away. If emergency  response  personnel 
are  unavailable,  absorb small  spills on 
spill  pillovs or other  suitable 
absorbing  material  and place in a 
sealed  container  for  disposal. Dike 
large  spills and transfer to an 
appropriate  container  for  disposal. 
Use suitable  protective  equipment 
(Section 9). Follow  all  fire 
prevention  procedures  (Section 4). 

For  additional  assistance, CBEMTBEK provides a toll-free Hotline  for 
chemical  emergencies  regarding  spills, 
leaks, exposure or accidents: 
800-424-9300. 

Environmental Data- unknown 

Waste  Disposal  Infornation This material i r  very toxic to certain 
aquatic species. Avoid  contact of 
spilled  materials  and nmoff  with  eoil 
and  eurface vatemaye.  Residual 
aurface  material  should be removed  with 
tovels  moietened with methanol. 
Incinerate  all  #pill  material  rad 
residues  at  temperatures  greater than 
soooc . 

*** Continued on next page *** 
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LABEL llbWE: AVERIGCTIII BROTH 

Emergency  Telephone b b e r  201-594-5555 

422 
PLAHT XSDS CODE 
QI-068 

Respiratory----- -0 specific  respiratory  protection  is 
required when handling  avermectin  whole 
broth. 

HanddArms-------------Wear nabber gloves  when  handling 
exposed  solution. 

&&Face-------------------Wear chemical  splash gOgglC8 when 
handling  exposed  solution. 

Additional  Protective Equipment-Wear ~leevelets, a nabber apron, and 
rubber boots. 

Ventilation----------------Local exhaust  ventilation  should be 
provided, 

Special  Precautions  to be taken den: 

Handling--------------H~dl~ with great  care,  ensuring  proper 
personal  and  environmental  protection. 

Other-------------------Avoid alloving  material from entering 
rtrtame  and  other  watenayr. 

SECIIOll 11 - BASIC TRAHSPORTATIOB DBSmPIIOR 

U. S . DOT------ 
ICAO/IATA 

Thia material 3 s  
not  normally  shipped 
commercially. 

IMO-- 

Bazardous  Subetancc-Reportable Quantity (RQ)--Aot k i l a b l c  

List  all  other HCMD plants  requiring Copy of  this MSDS: 

*** Continued on next page *** 
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me*** MTKBXAL SAFlDT DATA SBggzs ****** 423 
LABEL HbwB: AVERHECTIl! BROTH 

Emergency  Telephone lhunber 201-594-SS55 

PLbKT HSDS CODE 
a 4 6 8  

J.W. lhiu 
Safety---- Date: June 13, 1989 
L. Overblt 
Technical Operations------------ Date: June 13, 1989 
T.J. LaBuz 
Site Environmental--------------- -- Date: June 13, 1989 

3. Ponguillo 3 $ / )  . - I  

Corporate  Environmental Resourccs-t-b--  --Date: June 13, 1989 
3. Cotro 
Rahway Technical  Operations ------Date: June 13, 1989 
B.V. Sargmt, Ph.D. 
Corporate'  Safety & Industrial Eygiene--- ---e Date: June 13, 1989 

4 . 'L; :+ 

SBCTIOB 14 -wEBCK DISCLAIMER 0 0 0 0 

While  this  information and recommendations set  forth  are  believed  to be 
accurate as of the date  hereof, KERCK t CO., IRC. makes no warranty  with 
respect  hereto and disclaims  all  liability from reliance  thereon. 
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U S E L  EME: AVEEXECIIR S P m  BROTH, DBTOXIFXD 

Emergency Telephone (201) 594-5555 

PLaRI WSDS CODE 
c8-069. 

SECLlOH l-"EUAL IDEBrIFICATIOII . . e . . . . . . . . . . 
Chemical Same Detoxified  avermectin  broth 

Intended Use Hone, Spent  Broth 

Rot applicable 
i 

SECIIOE 3 - PHXSIcbI, PBOPEKn 0 0 . . . . . 
Appearance- Amber  colored ba61c rolution 

Odor/Threshold Level ( p p )  Characteristic  fermentation odor 

. 

*** Continued on nest page **a 
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WEB= C COO, IHC., P.0. BOX 2000, W A Y ,  RoJo 07065 
Her& Chemical  Hannfactnring Division 

LABEL HAHE: AVEENECTIII SPEKI BROTH, DETOXIFIED 

Emergency  Telephone  Rumbcr (201) 594-5S55 

KdKT MSDS CODE 
CH-068 

Autoignition  Tunperature (°C/oF)--onknova 

Flammable  Limits -LEL ( X )  Rot  applicable 
-VEL ( X )  Rot applicable 

Combustibility  Information unkrovrr 

Oust  Explorivitp Infomation-UaSaaovn 

Shock Sensitivity fnfoxmation-UPlmovn 

ExtInguIshia Media Use water  to  fight  firer  involving 
avcrmectin  treated broth. 

Special Fire Fighting Procedures-Firefighters must  wear  full  protective 
equipment  including  self-contained 
breathing  apparatus. 

FirdExgloeion Hazards- lone h o v n  

Bazardous Decomposition Product8 Resulting From A Fire-None h o v n  

Storage  Conditions to Avoid Peactr vith  vater  to.generate he8t. 
Beat may be 8ufficitnt to ignite 
flanrmable material8  under c t r t a h  * 

eondi toam. 

Thermal  Stability/Iastability Informrtion-Ronc h o e  

Iacompatabilitics  (Material8 of  Constmction)-Unbown 

8azardous  Polymerizatiorm lone b o r n  



LABEL XAHE: AVEl??fECTII SPEKT BBMH,DETOHFIED 

Emergency Telephone b b e r  (201) 594-55fS 

PLbKI XSDS CODE 
CH-069 

Eye Contact  Flush  eyer  with  plenty of water for 15 
minuter m d  get  medical  attention. 

Skin Contact  Flush  affected  area vith plenty  of Soap 
m d  water  for  15 minuter. Get  medical 
attention. 

Inhalation Move victim  to fresh air  rupply and 
get quick  medical 8tttr~tiOI3. 

Ingest ion----- brink  large  volumes  of  vater and get 
immediate  medical  attention. 

Roter  to Physician ---aonc 

S E C I I O I I ~ - H E A L ~ E A Z W ~ A T A  . . . . . . . . . . 
OSHA ACCIH-1988-89 Mcrck 

Expoaure  Limlt Limit  Value Control  Limit 
Permirsible  Threshold  Exposure 

L D V )  0 
Rot  applicable Rot cstablirhcd  Rot  established  Rot  established 

Carcinogen Designation--dcaom 

Eye Contact  May  cause  severe eye b u m .  

Skin Contact ?¶ay eaure  revert akin b u m .  

1~h81ation Inhalation of eaurtic  mirtlaerorol 
vapor8 may embe burniag menration in 
wrcoru membranes m d  upper respiratory 
tract 

Ingemtion Nay cause  severe b u m  to t h e  mouth, 
.throat rad gastrointerti~l tract. 

Effects of Chronic -OS= 100 h o v n  chronic  effects of 
o~erexporure. 

*** Continued on next page *** 
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PLbRT B D S  CODE 
CE-069 

Wantitatide Toxiti- Dam . .  
Ro toxicity  data  established  for  avermcctin  treated broth. 

SBCTIOI 8 SPILL/LEAIVDISPOSILL PBOCEDURB o o 

Step8 to be taken in  ca8e  materials releared: 
Immediately  contact  emergency response 
personnel. Keep unnecessary  perrons 
away. If emergency  response  personnel 
are  unaV8ihble,  absorb  small  rpillr on 
spill  pillows  or  other  ruitable 
absorbing  material  and  place in 8 
sealed  container  for  disporal. Dike 
large  spillr and transfer  to an 
approgriate  container  for  disposal. 
Use suitable  protective  equipment 
(Section 9). Follow  all  fire 
prevention  procedure8  (Section 4). 

For  additional  assistance, C E M T R E K  provider a toll-free  Hotline  for 
chemical  cmergencier  regarding  spills, 
leak8, exporure  or  accidentr: 
aoo-424-woo. 

Environmental  Data uptcnovn 

Waste  Disposal  Information Thir material ir very toxic to certain 
aquatic rpecier. Avoid  contact of 
rpilled  material8 and runoff  with .Oil 

rurface  material  rhould be removed  with 
tovclr  boirtened  with methanol. 
Incinerate  all  rpill  material  and 
residue8 at temperatures  Ireater than 
soooc . 

md 8Urf8Ct WateWay8. Peridual 

e** Continued on next page *** 
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ltEBQt C CO., IRC., P.O. BOX 2000, Rahvay, l . J .  07065 
Mer&  Chemical  I¶anufacturing Division 

PLaRI MSDS CODE 
c8-069 

428 

Oerpiratory No specific  respiratory  protection ir 
required when handling  rvermectin  whole 
broth. 

Wear chemical  rplash goggle8 when 
handling  exposed  solution. 

Additional  Protective  Equipment-Wear  rleeveletr, 8 rubber  apron, 
rubber bootr.  

Ventilation  Local  exhrurt  ventilation  should be 
provided. 

SECTIOE 10 SPECIAL PBECAUTXOICS 0 0 0 0 0 0 a 0 a a a 

Special  Precautionr t o  be taken when: 

Haidling  Handle vith great  care,  ensuring  proper 
personal and environmental  protection. 

Storing-  Store in a cool,  vell-ventilated 
location. . 

Other Avoid  allowing  material  from  entering 
atre-  and  other  watenrayr. 

mi8 material I8 
not normally  8hipptd 
commercially. 

Barrrdous Sub8t.nce-Peportab1s mlntity ( P Q ) 4 n k n o v n  

List all other MCMD pl8nta tequiriw 8 copy of this B D S :  . 
e+* Continued on next page *** 
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mBQ: & CO., InPC., P.O. BOX 2000, Pahvay, B.J. 07065 
Werck Chemical  Xanufacturiog Division 

*e**** UAIEPIbt SAFETY DAXA SHEETS ***- 429 
&AB= lWa: AVEBKECTIH SPZRT BROTH, DBTOXIlpIED 

Emergency Telephone Rumbe? 201-594-Sf5S 

PLbRT HSDS CODE 
cH-069 

J.W. mize 
Safety D8te: June 13, 1989 
L. OIerholt 
Technic81  Operations Date: June 13, 1989 

Site  Environmental D8te: June 13, 1989 

R. Ponquillo yJ\c -2 hc! ;? 
Corporate  Environmental  Berourccsd- D8tc: June 13, 1989 
E. Cutro 
Rahvay Technical  Operations - Date: June 13, 1989 
X.V. Sargmt, PhaDa 
Corporate  Safety & Industrial  Hygiene- --- Date: June 13, 1989 

ToJo ~ R Z  

SECIIOII 14 mBCK DISCLA= 0 o o 

While thia information and  recommendations #et forth  are  believed t o  be 
accurate  as o f  the  date  hereof, KEBCK & CO., IIVC. makes no uarraaty  with 
respect  hereto and disclaims  all  liability  from  reliance thereon. 



PAGE 1 of 7 

)IEpm C C O O  SIRCOB P.O. BOX 2000, W A Y ,  BJ 07065 
H e r d  Chemical  Manufacturing Division 

***** HATEBIAL SAFBTY DATA SRXEI tfftt 
430 

LAB= lW¶B: AvEpzIgCTIII HmB 

Bmergency Telephone (201) 594-5555 

PLANT WDS CODB 
cE-005 

Chemical lV- Avermectin  mixture  containing  primarily 
Avermectin  Bla and Blb 

Synonyms (Conmon) Avcmcctfn m e ,  GO 76 
(Chemical)- -unknown 

Material  Statistical lVuaber 2-56189 

Material  Product Rumbet----- -unknown 

Chemical Classification-------Glycoside 

Intended Use ----------Veterinary anti parasitic  agent 

ComDonent 
Molecular  Molecular 
Formula WdR h t  $AS Rumbe: Percent ( x 2  

Bla=5-O-demethyl-8vennectin Ala  C48H72014 
Blb=5-O-demethyl-25de(l-methyl 

-propyl)-25-(l-methylethyl) C47E70014 
avennectln Alb 

Ethyl  Alcohol  CZHSOH 
n-Hexane C6H14 
Toluene C7H8 
Methanol  CH3OH 

873.08 86753-29-9 ) 
)**97 

859 .os Hot avail. ) 
) 

46.06 . 64-17-5 M a x .  5.0 
86.17 . 110-54-3 Max. 0.s 
92.13 . 108-88-3 M a x .  0.5 
32.04 67-56-1 MU. 0 .S  

**Calc. on vater and solvent  fret basir. 

SEmIOfl 3 - PHYSICAL PROPERTY DATA e 0 

Appearance Clean, moist, off-white to alightlp 
yellov lumpy solid 

Odor/Threshold  Level ( p p m ) 4 d o r l e a s  

Boiling  Point (OC/OF) Rot applicable . 

Freezing  Point (OC/OF) Rot 8ppliCabh 

Solubility in vater  Insoluble 
. .  *** Continued on next page *** 
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431 
LAB= M13g: AVERMECTIR PDPE PLblR R S D S  CODE 

Emergency  Telephone  Humber (201) 594-5555 ~ .~ 
CH-5 

Specific  Gravity (Water = 1)- Hot  applicable 

Vapor D e n s i t y  (Air=l) Hot applicable 

Vapor  Pressure (mm Bg e oC/oP)----lOot applicable 

Volatile  Components ( X  v/v)--- Rot applicable 

Flash  Point (°C/oF)-----  -Hot applicable 

Flash  Point  Test Method------Not applicable 

Autoignition  Temperature (°C/oF)-Unhowa 

Flammable  Limits -LEL (%)-------Rot applicable 
-uEL (X)---- Not applicable 

Combustibility Information----Unknown 

Dust Explosivity Information--Unknown 

Shock Sensitivity Infoxzation--Unhovn 

Extinguishing Media-- ---Use carbon  dioxide  or dry chemical 
fire  extinguishers. 

Special  Fire  Fighting Procedures-Avoid creating  significant  airborne 
dust. Use full  protective  clothing and 
self-contained respiratory apparatus. 
Contain  all  runoff vater. See spill 
procedures section. All uposed 
personnel  and equipment should be 
dectntaminated at the aitc. 

Fire/Ekplosion H a z a r d s Y a t e r i . 1  vi11  burn  if ignited. C a n  
form an explosive  mixture  vith  air in 
dusty conditions. All contaminated 
material  and  protective  gear  should  be 
decontaminated to prevent  spread of 
contaminated  residual material. 
Prevent/collect nmnoff  of contaminated 
vater  from  firdspill  for  proper 
disposal. (See Section 8.) 

*** Continued on next  page *** 



LAEXL HAMB: AVEWCTIZI PURE 

Emergency Telephone m b e r  (201) 594-SSSS 

PLbRT HSDS  CODB 
CE-005 

Hazardous  Decomposition  Products  Resulting  From A Fire-If involved in a 
fire, toxic  gases  (including COD 
C O z ) ,  tox ic  dust  and smoke may be 
generated. 

SErnOB S -  e s s e 

Stability  (Normal  Storage Conditions)-Stable compound  under  reasonably 
foreseeable  conditions of storage and 
use 

Storage  Conditions  to Avoid---Rone & o m  

Thermal  Stability/Instability Information-Unknown 

Incornpatabilities (Chemical Entities)-Can  be  hydrolyzed  by  strong 
caustic solution. 

Incornpatabilities (Materials of Constnaction)-Unhown 

Hazardous Polymerizations----- Roae h o r n  

Eye Contact-------------Plush with plenty of water .for at  least 
5 minutes. Seek medical  aid if 
irritation develops. 

Skin Contact---------------Wash affected  area  vith  soap  and  large 
volmes  of vater. 

Inhalation---------- Immdiately remove  victim  from 
contaminated  area  and g e t  medical 
attention. 

Ingestion-- - - G e t  immediate  medical  attention. 
Induction of vomiting  may be performed 
by  physician  depending on the quantity 
ingemted. 

Rote8 t o  Physician- Hone 

*** Continued on next page *** 
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LbBEL KAHB: AVERXECIIII PUBg 

Emergency  Telephone haber  201-594-5555 

PAGE 4 of 7 

433 

PLANT WSDS CODE 
CH-005 

CornDonen€ 

OSHA ACGIH-1988-89 Herck 
Permissible  Threshold  Erposure 

Exposure  Limit  Limit  Value  Control  Limit 
(PEL) (TLV) (ECL) 

Bla=5-O-demethyl-averectin Ala Rot cstabl. Rot cstabl. ) 
Blb=5-O-demethyl-25-de(l-methyl-propyl) )*40mcg/m3 

-25-(l-methylethyl) avermectin  Alb Rot establ. Rot establ. ) 
Ethyl  Alcohol 1900 mg/m3 1900 mg/m3 Rot establ. 
n-Hexane 180 mg/m3 180 mg/m3 Rot establ. 
Toluene 375 w/m3 375. mg/m3 Rot establ. 
Methanol 260 mg/m3 260 mg/m3 Rot establ. 

Carcinogen Designation-------Dietary carcinogenesis  studies  in mice 
and  rats  are negative. 

Bffects of A o t e  Erposnrg 

Eye Contact--------------- Slightly  irritating  to the  eyes  in rabbits. 

Skin Contact------------------Ron-irritating to the  skin  in  topical 
skin testing. Slightly  toxic in animal 
tests vhen absorbed  through skin. 

Inhalation------------------ Animal  studies  demonstrated a lov  order 
of toxicity  via  inhalation of avcrmectin. 

Ingestion--------------- Acute  health  effects in humans  are  not 
known. Avcnnectin I s  highly  toxic  via 
ingestion in animal  studies,  cuasing  central 
nervous  system effects. 

Effects of Chronic RDosnr~-------ITo information on chronic  health  effects 
in humans. Avermectin has  been  shown  to be 

reproductive  toxin in laborrtory  animal 
rtudies  but only at  doses  vhich  are  acutely 
toxic to  the  maternal animcal. Avermectin 
has  been  ahova  to .be non-mutagcnic in the 
Amcs test  and  the  Hicronucleus Te8t. 
Dietary  carcinogenesis  rtudies in mice and 
rats  are negative. In 14 veck  oral  toxicity 
8tUdieB in monkeys, no effects  vere ~ e e n  at 
0.2, 0.5 or 1.0 mg/kg/day; , emesis vas seen 
at 2.0 mg/kg/day; delayed  pupillary 
construction at 6 and 8 mg/kg/day and 
mydriasis  at  12 mg/kg/day. 

*** Continued on next page **f 



LbBEL flhME: AVEB13ECTIR PURE 

Emergency  Telephone l%nnber 201-594-5555 

PLbm HSDS CODB 
CE-5 

Quantitative Toxicim Data 

The following  toxicity  data i o  baaed on the  pure  active compound. 

LD5O - Mouse (F), oral, 14 day8 10-29 e 7  
LD50 - Rat (M,. F), oral, 2 days. (DOT) 18.4 -/kg 
LD50 - Rat, dermal, 14 drys 330 -/kg 

Eye (AC) - Rabbit,  direct  contact, 14 days Slight  ocular  irritant 
Acute  Inhalation Toxicity - Rat, inhalation, 14 days At 5.73 mg/L-no deaths, 

Skin (Ac) - Rabbit,  topical, 14 days  Ron-irritating 

normal  behavior  and 
body wights 

LC50 - Daphnia  Magna, 48 hours 0.34 ppb 
LC50 - Rainbow  Trout, 96 hours 3.2 ppb 
LC50 - Bluegill Sunfish, 96 hours 9.6 ppb 

Steps  to  be  taken in case  material8 released: 
Immediately  contact  emergency  response 
personnel. Eliminate  all  ignition 
sources. Keep unnecessary persons away. 
If  emergency response persormel  are 
unavailable,  sweep up spilled  material  in  a 
manner  that  produces  the least  amount of 
airborne  dust and place in an appropriate 
container  for disposal. Use suitable 
protective  equipment  (Section 9). Follow 
all  fire  prevention  procedures  (Section 4). 

For  additional  assistance, CEEMTREK provides a toll-free Botline  for 
chemical  emergencies  regarding apills, 
leaks,  exposure or accidentr: 800-424-93.00. 

Environmental  Data U P k l O M  

Waste  Disposal  Information This material is v e r y  toxic  to  certain 
aquatic rpecier. 'Avoid  contact  of  rpilled 
material8  and runoff vith Boil urd surface 
vateruayr. Residual  surface  material 
rhould be removed  vith towel8 moistened 
vith methanol. Incinerate  all  rpill 
material and residues  at  temperatures 
greater than SOOOC. 

-* Continued on next page *** 
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WEBCK h CO., IHC., P.O. BOX ZOOO,  Pahvay, R.J.  07065 
Mer& Chemical )IanPfacturing Division 

***e** I¶ATEBIdL S U X T Y  M I A  SEKETs e***** 
435 

LABEL, XAKB: AVEBMBCTIH PURE 

Emergency  Telephone  Rumber 201-594-5555 

PLAlVT MDS CODB 
CH-005 

Pcspiratory-------------- An airline  mask  or  air  supplied  hood is 
necessary  for  direct  dust exposure. 

Hands/Anns-------------------Hitrile rubber gloves are  requlred 
vhen handling  this compound. 

Eye/Face---------------------Chemical goggles are  recornended  for 
direct exposure. 

Additional  Protective Eguipment-Full body  garments  should be w o r n  when 
handling this compound. Disposable 
protective  clothing  including  Tyvek 
syits, head  cover, and  shoe  protectors 
should  be worn.  

Ventilation-------------------Local exhaust  ventilation  must be 
provided  where  dust  may  enter  the  work 
room environment. Containment  areas 
should $ve dedicated  exhaust and dust 
collection  systems (REPA filters  or 
collectors). 

Special  Precautions  to be taken vhm: 

Storing---------------Store in a tightly  closed  container In a 
cool, dry,  vell-ventilated  location. 
Compound  should be handled in a 
contained  area  with  access  limited  to 
authorized  personnel and arranged 80 
that material is prevented  from 
entering  unregulated areas. 

Other--- Protective  clothing must be removed 
prior to leaving  the  controlled area. 
Shovers  are  required  after  handling  the 
material  at  the m d  of the vork d8y. 
Always  vash  hands  vith  aopa and  water 
prior to eating, drinking  or smoking. 

*** continued on next page *** 
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mCX & CO.8 IHC., P.O. BOX 2000, P d h v a y ,  B o J o  07065 
Her& Chemical Wufacturing  Diri8ion 

****** HAIH2IA.L SAFETY DAXA SHEHZS -- 436 

LABEL HAHB: AVEPWECTII p[JpB 

Emergency  Telephone llimrber 201-594-5555 

PLAlVT MDS CODE 
a 4 0 5  

U.S. DOT - Poison B 801id B.O.S., (Avermectin), 

ICAO/IATA-- UTA-Poisonous  solids NOS (Avcmectin); 
ufl 2811, C h m i C d 8  NO1 

6-18 UIO 2811, Cugo Aircraft only; 
615, I1 

IMO--- --------Not applic8ble 

Hazardous  Substance-Reportable  Quantity (EQ)-Ro RQ 

SECTION 12 - IBTEB-PLAKT . 0 0 0 0 . . . 0 0 . 0 . 
List all  other MCMD plants  requiring 8 copy of  thfs MSDS: Puerto  Rico 

SECTION 13 - S D S  PRBPAUTIOH - Revision 2 . . 0 0 . 0 .  

J. W. Haize 
Sa€ety------- -------- Date 3 / 2 0 / 8 9  
L. Overholt 
Technical  Operatioas- e-- -Date u 2 3 / 8 9  
J. LaBuz 
Site Environmental----------------- Date 4/5/89 

8 .  Bonquillo 

B. Cutro 
Rahvay  Tcthnical Operations-----  -Date 5 / 9 / 8 9  
E. Sargent, Ph.D. 
Corporate  Safety br Industrial  Hygienc-  Date 4 / 9 / 8 9  

Corporate  Environmental 6/9/89 

While  this  information  and  recommendations  aet  forth  are  believed 
to be accurate  as of the  date  hereof,  MEBCK &I CO., IIVC. makes no 
varranty  vith  respect  hereto  and  disclaims  all  liability  from 
reliance thereon. 
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IVOMEC@ (ivermectin)  Type A 
Medicated  Article  for Swine 

Page 59 

APPENDIX B-2 

Material Safety Data Sheets for Ivermectin  and IVOMEC@ 
Type A Medicated  Article  (Premix) 

437 

DEC DOC 000118 (DAR) 
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HBBCK & CO.,IRC., P.O. BOX 2000, RARWAY, Iu 070615 
Xerck  Chemical  Chnufacturing Division 

**e** MTBBIAL SAFETY DATA SKEET a**** 
438 

LABEL HAME: IVERKECTIH 

Emergency  Telephone (809)  846-3620 

PLART W D S  CODE 
PP-20 

Material  Statistical Rumber------Hot available 

Material Product Number--------- SP-2097 

Chemical Classification--------- Theoretical  mixture of 80% (minimum 
22.23 dihydro C-076 Bla  and 20% 
( m a x i m u m )  22.23 dihydro C-076 Blb 

Molecular  Molecular 
ComDonent  Formula We i Rht CAS Rumber  Percmt t%) 

Dihydro C-076 Bla C48H74014 875 70161-11-4 83 
Dihydro C-076 Blb C47A72014 861  70209-81-3 23 

Odor/Threshold  Level (pprn)--------Odorless 

Boiling  Point (OWOF)---------- Rot  applicable 

Freezing Point (OWOF)---------- Rot  applicable 

Melting Range (OC/OF)---------Approx.  lSO°C 

Specific Gravity (Water = 1)- Rot  applicable 

Vapor Density (Air=l)----------- Rot  applicable 

Vapor Presnne (mm Hg e OC/OF)---Rot applicable 

Volatile  hzponents (% w/v)---- Rot  applicable 

*** Continued on next  page *** 
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KEBCK & CO., XRC., P.O. BOX 2000, RAIWAY; H . J .  07065 

Mer& Chemical  Xanufacturing Division 

PAGE 2 of 7 

433  
*e**** ?lATEBIAL SAFBTX DATA SHgBT e***** 

LABEL KAWE: lVERHBCTIH PfdKT MSDS CODE 

Emergency  Telephone Hmber (809) 8463620 
PB-20 

Flash  Point (OC/OF)------------- Rot applicable 

Flash Point  Test Nethod-------llot applicable 

Autoignition  Temperature (OC/OF)-Rot available 

Flammable  Limits -LEL (X)------- Rot available 
-UEL (%)------Not available 

Combustibility Information------Hot avrilable 

Dust  Explosivity Information-----  Not available 

Shock Sensitivity Information---- Rot available 

Extinguishing Media-----------Use carbon  dioxide  or  dry chemical  fire 
extinguishers. 

Special Fire Fighting Procedures--Avoid creating  significant  airborne dust. 
Use full  protective  clothing and self- 
contained respiratory apparatus. Contain  all 
runoff water. See  spill procedures  section. 
All exposed personnel  and equipment  should be 
decontaminated at the site. 

Fire/Explosion Hazards---------- Material vi11 bum if ignited. Can form ex- 
plosive mixture with air  in  dusty conditions. 

Hazardous  Decomposition  Products  Resulting  From A Fire--If involved in a 
fire, toxic  gases includding CO, C02, and 
smoke may be generated. 

SECTIOR 5 -  PEbCTIyITY DATA e e e e e e e e e e e e e e 

Stability (Normal Storage Conditions)--Stable compound  under  reasonably 
foreseeable  conditions of storage  and use. 

Storage  Conditions to Avoid---- Rot  applicable 

Thermal Stability/Instability.Infomation-Rot availble 

Incornpatabilities (Chemical Entities)-Can be hydrolyzed by strong  caustic 
solution. 

Incompatabilities  (Materials  of Construction)--Rot available 

Hazardous Polymerizations-------Will not occur. 

*** Continued on next  page *** 
- 



154 PAGE 3 of 7 

LAB= MXB: IVEBMECTIE 

Emergency  Telephone  Rumber (809) 846-3620 

PWKI WSDS CODB 
PR-20 

Skin Contact-------------Wash affected area with soap and  large 
volumes of vater. 

Inhalation-------------------Remove from contaminated area 
immediately.  Get  medical  attention. 

Ingestion---------------------- Get  immediate  medical  attention. 
Induction of vomiting ray be performed 
by a physician  depending on the 
quantity  ingested. 

Rotes  to Physician--------------- Hone 

ComDonent 

OSEA ACGIH-1988-89 Merck 
Permissible Threshold Exposure 

Exposure  Limit Limit  Value Control  Limit 
(PEL) ( TLV (ECL) 

Dihydro C-076 Bla Hot available Rot  available 0.08 mg/m3 
Dihydro C-076 Blb Rot available Rot  available 0.08 mg/m3 

Carcinogen Designation-----------Not available 

gffects of Acute EmosorC 

Eye Contact-----------Slightly irritating  to  the  eyes in 
rabbit teats. 

Skin Contact---------------Absorption: T h e  skin 58 considered 8 
primary  route o f  exposure to the 
compound in liquid  formulation8 and a 
secondary  route of exposure to  the dry 
s o l i d  compound. 

Inhalation------------------Animal inhalation  demonstrated 8 low 
order of toxicity  by  this route. It is 
considered  the  primary  route of 
exposure t o  the dry solid 
compound. 

*e* Continued on next page *** 
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LABEL KAME: IVERMECTIH 

Emergency  Telephone lhmrber (809) 846-3620 

PLART ISDS CODE 
PR-20 

Ingestion------------- Ro toxic  effects 8etn in humans at 
doses up 200 micrograms. Absorption 
following oral  administration ir rlov. 
Compound is considered  highly  toxic in 
acute  animal  toxicity  8tUdie8, 

Bffects of Chronic  ExDosur-- Ro information on maternotoxic dosage 
levels  or  chronic  health  tffectr in 
humans. In 14 week  oral  toxicity 
studies in monkeys, no effects  vere 
seen at 0.2, 0.5, or 1.0 mg/kg/day; 
emesis  vas seen at 2.0 mg/kg/day; 
delayed pupillary  constriction  at 6 and 
8 mg/kg/day; mydriasis  at  12 mg/kg/day; 
and sedation  at 24 mg/kg/day. 
Ivemectin  has  been  shovn  to be 8 
reproductive  toxic in  laboratory  animal 
rtudies, but  only  at  doses  vhich  are 
acutely toxic to  the  maternal animal. 
Compound is negative in the Ames test 
for mutagenicity. 

guantitative  Toxicity  Data 

LDSO - mouse (F), oral, 14 days 
LD50 - rat, (M,F,), oral, 2 days 
LD5O - rat,  dermal, 14 days 
LDSO - rabbit,  dermal, 14 days 
Skin (AC) - rabbit,  topical, 14 days 
Eye (AC) - rabbit,  direct contact, 14 days 
LC50 - rat,  inhalation, 14 days 

37 ms/u 
51.8 rpg/kg 
660 mg/kg 
406 mg/kg 
Son-irritating 
Very elighty  irritating 
Respirable  fraction 0.37%. 
Animal  dose calculated  at 
0.4 mg/kg. Slight eye 
irritation. Ao deaths 
or systemic  toxicity 
observed. 

Steps to  be  taken in case  materials released: 
Immediately  contact  emergency  response 
personnel. Keep  unnecessary  persons 
away, If emergency  response  personnel- 
are  unavailable,  vacuum,  shovel or . 
sweep up  spilled  material in a  manner 
that produces  the  least  amount of 

*** Continued on next  page *** 
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****** UATERIAL SAFBIY DATA SHgglS **e*** 

WEL KAKB: IVEMCTIII 

Emergency  Telephone Ranaber (809) 846-3620 

PLbRT WSDS CODE 
PP-PO 

airborne  dust  and  place in an 
appropriate  container  for disporal. 
Use suitable  protective  equipment 
(Section 9). Follov  a11  fire 
prevention  procedure6  (Section 4). 

For  additional  assistance, CHEHTREK provider a toll-free Ratline for 
chemical  emergencies  regarding spills, 
leaks, exposure or accidentr: 
800-424-9300. 

Environmental Data---------------- Rot  available 

Waste  Disposal Information------ This  material ie very  toxic to certain 
aquatic  species. Avoid  contact of 
spilled  materials and runoff with soil 
and surface vatervays. Residual 
surface  material  should be removed vith 
tovels  moistened  with methanol. 
Incinerate all  spill  materials  and 
residues at temperatures  greater than 
500oc. 

SECTIOR 9 - SPBCIbL PBOTBCTIOR IHPOWATIOH 0 . 

Eye/Face-------------------------Chemica1 goggles are  recommended  for 
direct exposure. 

Additional  Protective  Equipment--hll  body  &annets  should be vOrn vhcn 
handling  this compound. Disposable 
clothing  including  tyvek suit8, head 
cover, and shoe protectors  should be 
v o m  . 

Ventilation--------------------Local exhaust  ventilation must be 
provided  where  dust may enter the 
workroom environment. Containment 
areas  should  have  dedicated  exhaust  and 
dust  collection systems (HEPA filters 
or collectors). 

*** Continued on next page *** 
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MEBCK & C O S ,  IHC., P.O. BOX 2000, Pahvap, R.J. 07065 
Her& Chemical  Kanufrcturing Diviaion 443 

a***** MATERIAL SAFBlT DATA SKKBIS ****** 
LABEL M: IVBB)IIBCZIII 

Emergency  Telephone b b e r  (809) 846-3620 

PLIWT HSDS CODK 
PR-20 

SECTIOll 10 - SPECIAL PPECAUTIOXS . . . . . . . . . . 
Special  Precautions  to be taken vhen: 

Other----------------------------Protective clothing must be removed 
prior  to  leaving  the  controlled area. 
Shovers  are  required  rfter  handling  the 
material at the  end of the workday. 
Always  wash  hands  vith  soap  and  vater 
prior  to  eating,  drinking, or smoking. 

SBCTIOll 11 - =IC TRARSPORTATIOH DBSCRIPZIOH . . . . . . . . . 

Hazardous  Substancc-Reportable  Quantity (RQ)---lOot available 

SBCTIOH 12 . IRTBB-PLbRT C O M C A T I O H  . . . . . . . . . . . . .  
List  all  other MCMD plants  requiring  a  copy of this MSDS: 

SECTIOll 13 . XSDS PREPWIOH . Periafao 2 . . . . . . . . .  
6. Rodriguez 
Safety---------------------- ----------- Date: June 22, 1989 
1. C8rdOM 
Technical Opcrations---------------------Date: June 22, 1989 
C. Bassat 
Site Environmental--------------  ---Date: June 22, 1989 

P. Ponquillo 
Corporate  Environmental Resources------------------ Date: July 20, 1989 
P. Cutro 
Rahway  Technical Operations-------------------- Date: June 22, 1989 
K.V. Sargent, P h . D .  
Corporate  Safety & Industrial Bygienc--------------Date: June 22, 1989 

*** Continued on next page *** 
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HERCK C CO., IRC., P.O. BOX 2000, Pahway, H.J. 07065 
?fer& Chesfcal 15anufacturing Division 4 4 4  

*****e HATBPIAL SdpHzp DATA SHEETS ****e* 

LABEL luEJB: ryEBpIEcTIX 

Emergency  Telephone ?lumber (809) 846-3620 

PtAKT MDS CODB 
PP-20 

While this infomation and recoxsendation8 re t  forth are believed to be 
accurate as of the  date  hereof, XERCK & CO., IRC. makes no warranty  with 
respect  hereto  and  dssclaims  a11  liability  from  reliance  thereon. 
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MSD AGVET DIVISIOR, P.O. Box 2000, RARWAY, NJ 07065 

***** W m R I A L  SAFETY DATA SHEET ***** 445  

PRODUCT HAME: IVOMEC PREMIX FOR  SWINE PEDS CODE 

Emerpencv  Telephone  Numbers 
A G O 4 3  

Product  usage 
& Animal  Health  adverse experiences: 8:30 am-4:30 pm (CST) (800) 325-2577 
(emergency calls only after 4:30 pm) after 4:30 pm (CST) (908) 594-5555 

Human health  adverse experiences: 8:30 &:30 pm (EST) (215) 661-7300 
after 4:30 pm (EST) (215) 661-5000 

Chemical Name--------------------- Ivermectin  (active  ingredient) is a 
theoretical  mixture of 80% (minimum) 
22.23 dihydro C-076 Bla  and 20% 
(maximum) 22.23- dihydro C-076  Blb. 

Chemical Classification----------- Multicomponent  Solid 

Intended Use---------------------- A 0.6% Type A Medicated  Article  to 
be  used as a veterinary  anthelmintic 
for swine  by  administration in a 
complete feed. 

Molecular  Molecular 
Component  Formula  Weight CAS Rumber  Percent (%> 

Ivermectin Comp. Bla C48H74014 8 75 70288-86-7 0.6 

Fine  Ground  Corn  Cob Not  established Not  established  Not  established 70.1 
Inert  Ingredients Not  established  Not  established  Not  established 29.3 

Comp. Blb  C47H72014  861  (mixture) 

Appearance------------------------ Clean,  free-flowing,  non-dusty, slightly 
yellow  to  light  brown  fine  fibrous  meal 
mixture. 

Odor/Threshold  Level (ppml-------- Practically odorless. Do  not  test €or 
odor  to  avoid  breathing powder. 

Boiling  Point (OC/OF)------------- Not  applicable 

Freezing  Point (OC/OF)------------ Not  applicable 

Melting  Range (OC/OF)------------- Not established 

*** Continued on next  page *** 
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MSD AGVET DIVISION, P.O. Box 2000, W A Y ,  RJ 07065 

***** MATERIAL SAFETY DATA SHEET ***** 446 
PRODUCT AAME: IVOMEC PBEMIX FOB SWINE MSDS CODE 

EmerPencv  TeleDhone Humbers 
A G O 4 3  

Product  usage 
& Animal  Health  adverse  experiences: 8:30 am-4:30 pm (CST) (800 )  325-2577 
(emergency  calls only after 4:30 pm) after 4:30 pm (CST) (908)  594-5555 

Human health adverse experiences: 8:30 am-4~30 pm (EST) (215)  661-7300 
after 4:30 pro (EST) (215)  661-5000 

pH ............................... Not  applicable 

Solubility in water---------------  Not soluble 

Specific  Gravity (Water=l)--------  Not applicable 

Vapor  Density (Air=l)-------------  Not applicable 

Vapor  Pressure (mm Hg @ OC/OF)----Not applicable 

Volatile  Components ( X  w/w)------- Not  established 

SECTIOH 4 - FIRE AND EXPLOSION HAZARD DATA 0 . . . . . . . . . . 0 - . 
Flash  Point (OC/OF)---------------  Not  established 

Flash Point Test Method-----------  Not applicable 

Autoignition  Temperature (OC/OF)--Not  established 

Flammable Limits-LEL-(X)---------- Not  established 
-UEL (%)---------- Not  established 

Extinquishing Media--------------- Use  water  spray  or  all  purpose  dry 
chemical. 

Special  Fire  Fighting Procedures--Fire  fighters should wear self- 
contained  breathing  apparatus  and  full 
protective  equipment.  Avoid  creating 
dusty  conditions. 

Fire and Explosion Hazards-------- As with all organic  dust,  finely  divided 
particles  dispersed with air in 
sufficient  concentrations  may  generate 
an explosive  mixture if an ignition 
source is present. 

Hazardous  Decomposition  Products  Resulting  From  A  Fire--If  involved in a 
fire,  toxic  gases  including  carbon 
monoxide and carbon  dioxide may be 
generated. 

*** Continued on next page *** 
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***** MATERIAL SAFETY DATA SHEET ***** 4 4 7  
PRODUCT lWE: IVOMEC  PREMIX ?'OR SWINE MSDS  CODE 

Emerrencv  TeleDhone  Numbers 
AGO43 

Product  usage 
ti Animal  Health  adverse  experiences: 8:30  am-4:30 pm (CST) ( 8 0 0 )  325-2577 
(emergency  calls only after 4:30 pm) after 4:30 pm (CST) (908) 594-5555 

Human  health  adverse  experiences: 8 ~ 3 0  am-4~30 (EST)  (215) 661-7300 
after 4:30 pm (EST) (215) 661-5000 

Storage  Conditions to Avoid------- None known. 

Incompatibilities----------------- None known 

Hazardous Polymerizations--------- None known 

SECTION 6 - EMERGENCY ARD FIRST  AID  PROCEDURES . . . . . . . . . . . . 
Eye Contact----------------------- Flush  thoroughly  with  plenty  of  water 

for at least 5 minutes.  Get  medical 
attention if irritation  occurs or 
persists. 

Skin Contact---------------------- Emergency  treatment is not  necessary. 
However,  wash  contact  area  with  soap 
and  water  after  handling.  Remove 
contaminated  clothing  and  wash  before 
reuse. If  irritation  occurs  or 
persists,  get  medical  attention. 

I&alation------------------S------In case of accidental  overexposure,  get 
to fresh air. If  irritation  occurs or 
persists,  get  medical  attention. 

Medical  Conditions  Aggravated By Exposure--None known 

Component 

OSHA ACGIH-1990-91 Merck 
Permissible Threshold Exposure 

Exposure Limit Limit  Value Control  Limit 
(PEL) (TLV) (ECL) 

Ivermectin Not established Not established 0.08 mg/m3 

*** Continued  on  next  page *** 
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HSD AGVET DIVISION, P.0. Box 2000, BABWAY, 1w 07065 
448 ***** MATERIAL SAFETP DATA SHEET ***** 

PRODUCT HAME: IVOMEC PREMIX FOB SWIm MSDS CODE 

EmernencY  TeleDhone Itumbers 
A6043 

Product  usage 
& Animal  Health  adverse  experiences: 8:30 &:30 pm (CST) (800)  325-2577 
(emergency calls  only  after 4:30 pm) after 4:30 pm (CST) (908)  594-5555 

Human health adverse  experiences: 8:30 m-4:30 pm (EST) (215)  661-7300 
after 4:30 pm (EST) (215)  661-5000 

Carcinogen Designation----------  Not  listed as a  carcinogen with NTP, 
IARC,  or OSHA. 

Ouantitative  Toxicity Data--------- For  pure  Ivermectin 

TEST 

LD5 0 
LD5 0 
LD50 
LD50 
LD5 0 
LD50 
LD50 
LD5 0 
LD50 
LD50 

SPECIES 

Mouse 
Mouse 
Rat 
Rat 
Rat  (infant) 
Rat 
Rat 
Rabbit 
Dog 
Rhesus  monkey 

ROUTE 

Oral 
Intraperitoneal 
Oral 
Intraperitoneal 
Oral 
Inhalation 
Dermal 
Dermal 
Oral 
Oral 

RESULT 

25 mg/kg 
30 =/kg 
50 =/kg 
55 mg/kg 
2 to 3 mg/kg 

More  than 660 mg/kg 
406 mg/kg 
About 80 mg/kg 
More  than 24 mg/kg 

* 

*Maximum  attainable  concentration of 5.11  mg/liter  produced  transient 
irritation of mucous  membranes  but no deaths  or  other  signs  of 
toxicity  after 1 hour exposure. 

Effects of Acute  ExDosure 

Eye Contact--------------------- Slight  ocular  irritant in animal 
studies. 

Skin Contact-------------------- Ivermectin  is  nonirritating in animal 
studies.  Although skin absorption of 
this formulation of Ivermectin is not 
established,  it has been shown that 
less  than 1% of the  closely  related 
compound  abamectin is absorbed  through 
the skin of rhesus  monkeys when it is 
applied as emulsifiable  concentrate  or 
suspended in alcohol. 

Inhalation---------------------- Animal  inhalation  demonstrated  a low 
order of toxicity by this  route  but 
this is accounted for by  the  large 
particle  size of the  sample  used in 
this test. Inhalation is considered 
the  primary  route of exposure  to  the 
dry  solid  compound. 

Q 

*** Continued on next  page *** 
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MSD AGVET DIVISION, P.O. Box 

***** I4ATEBIA.L SAFETY 

PRODUCT RAME: IVOMEC PREMIX FOB SWIHE 

2000, BABWAY, RJ 07065 

DATA SHEET ***** 
449 

WSDS CODE 
A G O 4 3  

Emernencv  TeleDhone  Numbers 
Product  usage 

61 Animal  Health  adverse experiences: 8:30 am-4:30 pm (CST) (800) 325-2577 
(emergency calls only  after 4:30 pm) after 4:30 pm (CST) (908) 594-5555 

Human health  adverse experiences: 8:30 d : 3 0  pm (EST) (215) 661-7300 
after 4:30 pm (EST) (215) 661-5000 

Ingestion----------------------- Pure  Ivermectin is considered  highly 
toxic in acute  animal  studies.  The 
acute  oral  toxicity  studies  of 
Ivermectin  have  shown  clear  differences 
among species  in  sensitivity  to 
Ivermectin toxicity. Rodents  are 
uniquely  sensitive  compared  to  the 
other  species  in  which  the  compound  has 
been tested. It is  therefore 
inappropriate  to  base  human  risk 
assessment on  the  response in mice. 
Ivermectin is used  at a therapeutic 
dose  of 200 mcg/kg in a variety  of 
species,  including  human.  Ivermectin 
can  be excreted in milk. 

If overexposed to  Ivermectin,  symptoms 
may  include  decreased  activity,  slow 
rate  of  breathing,  dilation  of  the 
pupils,  muscle  tremors,  and 
incoordination. 

Effects  of  Chronic Exposure-------- Unknown for product  mixture. 
Ivermectin  has  tested  negative  in 
several  mutagenicity  studies. 
Ivermectin  was  administered  to  dogs 
daily  for 3 months  and  to  monkeys  daily 
for 2 weeks. In dogs  there  was  no 
effect up  to 500 mcg/kg/day  and in 
adult  rhesus  monkeys  there  was no 
effect  at  the  maximum  dosage  used 1.2 
mg/kg/day. At  higher  doses in dogs 
there  was  dilation of the pupils,  and 
at  still  higher  doses  tremor  and 
anorexia  were  noted. 

Ivermectin  can  be  given  during 
gestation in horses,  cattle,  pigs and 
sheep. 

*** Continued on next  page *** 
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WSD AGVET DIVISION, P.O. Box 2000, W A Y ,  RJ 07065 

***** MATBBIAL SAFETY DATA SHEET ***** 450 

PRODUCT HAME : IVOMEC PREMIX FOB SWINE ?JSDS  CODE 

Emernencv  TeleDhone  Humbers 
AGO43 

Product  usage 
& Animal  Health  adverse  experiences: 8:30 am-4:30 pm (CST) (800) 325-2577 
(emergency  calls only after 4:30 pm) after 4:30 pm (CST) (908) 594-5555 

Human health  adverse  experiences: 8:30 am-4~30 (EST) (215) 661-7300 
after 4:30 pa (EST) (215) 661-5000 

SECTION 8 - SPILL/LEAK/DISPOSAG  PROCEDURE . . . . . . e . . . . . . 
Steps  to  be  taken in case  materials  are  released: 

Vacuum  or  shovel up  spilled  material 
and  place  in  an  appropriate  container 
for  disposal. Use  suitable  protective 
equipment  (Section 9). Follow  all  fire 
prevention  procedures  (Section 4). 
Inform  emergency  response  personnel for 
large  spills.  Keep  unnecessary  persons 
away. 

Ivermectin  is  very  toxic to certain 
aquatic  species.  Avoid  contact of 
spilled  materials  and  runoff  with  soil 
and surface  waterways.  Residual 
surface  material  should  be  removed  with 
towels  moistened with methanol. 
Incinerate  all  spill  material  and 
residues at temperatures  greater  than 
5OO0C. 

Do  not  flush  into  drains  or  natural 
waterways  or  areas  draining  into 
potable  water  supplies. 

Environmental Data---------------- Pure Ivemectis: LC50 (Daphnia 
Magna) = 25 ppt  (parts  per  trillion) 

Respiratory----------------------- A n  MSHA-NIOSH approved  respirator for 
dusts is recommended  for  any  direct 
exposure  to  the dust. 

Additional  Protective  Equipment---Protective  clothing  such as coveralls 
and/or  apron. 

*** Continued  on  next  page *** 
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HSD AGVET DIVISION, P-0. BOX 2000, W A Y ,  NJ  07065 

***** MATERIAL SAFETP DATA SHEET ***** 451 
PRODUCT HAME: IVOMEC PREHIX FOR SWIHE HSDS CODE 

Emergency  Telephone  Rumbers 
AG-043 

Product  usage 
C Animal  Health  adverse experiences: 8:30 am-4:30 pm (CST) (800) 325-2577 
(emergency  calls  only  after 4:30 pm) after 4:30 pm (CST) (908) 594-5555 

Human health  adverse experiences: 8:30 am-4:30 pm (EST) (215) 661-7300 
after 4:30 pm (EST) (215) 661-5000 

Ventilation----------------------- Proper  ventilation  should  be  maintained 
at all  times  to  prevent  high  dust 
concentrations. 

Special  Precautions To  Be  Taken When: 

Handling and  Storing, Etc.-------- Store  in a  cool, dry  place  away  from 
direct  sunlight. Avoid  generating 
dust. Avoid  contact  with  eyes  and 
skin. Do  not ingest. Refrain  from 
smoking  or  eating  when  handling.  Wash 
thoroughly  after use. 

Other ---------_-______-__________ Keep  container  closed  when  not  in use. 
Keep  out of the  reach of children. 

SECTION 11 - BASIC  TRANSPORTATION  DESCRIPTION . . . . . . . 
Shipping Requirements------------- Not regulated 

SECTION 12 - MSDS  PREPARATION - Revision 1, September 1991 . . . . . . . . 
Corporate  Safety & Industrial Hygiene-------- Date: June 5, 1990 
Merck & Co., Inc., Rahway, New Jersey, U.S.A. 

While  the  information  set  forth  is  believed to be  accurate  as 
of  the  date  hereof, MSD AGVET makes  no  warranty  with  respect 
hereto and disclaims  all  liability  from  reliance  thereon. 
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