 Environmental Impact‘Analysis Report

IVOMEC® (ivermectin) 0.08% bra]_Solution for Sheep

February 11, 1985

Merck .Sharp & Dohme Research Laboratories
Merck & Co., Inc.

" P.0. Box 2000

Rahway, New Jersey 07065

Environmental Information

1. Describé the Proposed Action

(a) Merck Sharp & Dohme Research Laborator]es Division of .
Herck & Co., Inc., has f11ed a New An1ma1 Drug App]ica-?
tion for IVOMEC® (1vermect1n) 0.08% Oral Solution for
Sheep to be administered‘to sheep and lambs for.the
treatment and control of fhé fdl]ow1hg inferna] para-
sites:
Gastrointestinal roundworms: Stomach Worm or Wire Norm.

(Haemonchus contortus, H. placei), Brown Stomach Worm

(Ostertagia circumcincta), Stomach Hair Worm or Bank-

rupt Worm (Trichostrongylus axei, T. colubriformis),

Cooperids (Cooperia oncophora, ‘€. curticei), Nodular

Worm (Oesophagostomum columbianum, 0. venulosum),

>Thread necked Strongyle (Nematodirus gpathlger

N. battus), Intestinal Threadworm (Strongyloides

papillosus).

N
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Page 2

1. Describe the Proposed Action

(a) Large-mouthed Bowel Worm (Chabertia oving). Whipworm

(Trichgris‘ovis); Lungworm (Dictyocaulus filaria); and

all 1§rva1 stages of nasal bot,(OeStrus-OV1s).

It is intended to be administered to sheep at a dose

rate of 0.2 mg ivermecfin‘ber 2.2 pounds of body weight
(1 ké). The anticipated highest retreatment rate is 4
times;pér year and-the drug withdrawal beriod prior to

slaughter is eleven days.

‘Treatment may be Eepeated at intervals of not less than
n daysj howe?er,‘rate of paraﬁite reinfestation, pru-
dent husbandry practices and economic considerations

. wod]d djctate that most sheep would be treated four
times or less durfng thé 1ife of the animal. Sheep
kept for breeding,purposes might be treated once or

twice yearly throughout their Tives.
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1. Describe the Proposed Action

(b) Physica]yand Chemical Properties Are as Follows:

Empirical Formula ' Molecular Weight
(R = CZHS) C48H74014 875.10
(R = CH3) C47H720]4 B 861.07

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. The chemical names of the two
homologues are: 22,23—d1hydroavermect1n B1a
(R=CéH5) ahd‘25-de(1—methy1propy1)f22,23—d1hydro-
és-(l-meuéylethyl) avermectin B,, (R=CH;). The

latter is also known as 22, 23-dihydroavermectin B,,.
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1. Descrige the Proposed Action

- (b) Physical and Chemical Properties (Cont'd)

Ivermectin contains at least 80% of the compound in
which R 1h the above structure is the ethyl group and
less than 20% of the compaund*1n which R is the methyl
group. It is a white to vellowish white crystaliine
powder and has an il1-defined meiting point of about
150°C. The material is optically active and has a
specific rotation [a] 23°C, ~-19° (C=0.5, CH30H).
The ultraviolet absorption spectrum 1ﬁ methaﬁo] is
characterized by maxima at 237, 245 and 253 nm with
Al%lcm values of about 349, 382 and 248, respectively.
Ivermectin is very insoluble in water, the concentra-
tion of a saturated'aqueous solﬁtion being 5 ppm.
Ivermectin is freely soluble 1h methanol, chloroform,
p-dioxane, dimethylformamide and ethyl acetate; soluble
| in 95% ethanol, diethyl ether, methylene chloride,
acetone, and aromatic hydrotarbons; and very slightly
soluble in é]iphatic hydrocarbons. The infrared and
nuclear m;ghetic absorption spectra are consistent with

proposed structures.

Ivermectin has been shown to be stable for at least

&

87/
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Describe the Proposed Action

(b) Physical and Chemical Properties (Cont'd)

six months when stored under ambignt conditions. In a
solution, ivermectin is photolabile. This suggests
that sunlight could photochemically degrade ivermectin

residues in the environment.

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

chromatography.

Based on radioactivity measurements, the 6ctano] coef-
ficient for ivermectin is 1651; i.e.,
Kp of __octanol = 1651

pH 7 buffer

(or water)
This indicates a strong affinity of ivermectin for
1ipid systems; but the residue data contained in the
’ New Animal Drug Application show a rapid depletion of

drug and metabolites from animal fat.
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1. Describe the Progosed Action

(c)

Pharmacology

Ivermectin inactivates nematodes, arachnids and in-
sects. Its action'onfthe nematodes is by inhibiting
signal transmission from the ventral cord interneurons
td the excitatory motor neurons. It acts by stimulat-
ing the ré]ease of the inhibitory neurotransmitter
gamma-aminobutyric acid (GABA) from présynaptic nerve
terminals as well as by potentiating GABA binding to
the poStsyhaptic receptbrs. The ivermectin-treated
nematodes lose centka] command to move. Ivermectin
acts on the arthropods by inhibiting signal transmis-
sion‘at the neuromuscuiar junctions via the same mech-
anism of amp]ifyﬁng GABA action. The treated arthro-

pods become paralyzed.

Ivermectin and the avermectins are not effective

against flukes and tapeworms, in which GABA is not

found as a neurotransmitter. Ivermectin has much less

effect on-mammals since the principal peripheral neuro-
transmitter in mammals, acetylcholiﬁe. is unaffected by

ivermectin. Ivermectin does not readily penetrate the
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1. Describe the Proposed Action

()

Pharmacology (Cont'd)

central nervous system of mammals where GABA functions

as a neurotransmitter.

In a laboratory screen, a mixture of at least 80% aver-

mectin B,_ and not more than 20% avermectin By

la

was gfven by gavage to rodents harboring 3-week-old

Fasciola hepatica infections. Five control rodents had
1 to 3 worms at necropsy four days after treatment,
while two animals dosed at 2.5 mg/kg of the avermectins

had 2 and 3 worms each. In a similar screen using the

tapewdrm'ﬂxmeno1egj§_dimigg;g, 1aboratory rodents har-
boring 14-day-old worms were given placebo, commercial
yomesan at 37.5 mg/kg as a positive control or ivermec-
tin at 1 mg/kg. Necropsy 6 days after treatmént indi-
cated 3 to 5 worms in each of the four animals receiv-_
ing the placebo, zero worms in the three animals re-.
ceiving quesan.‘andvz, 4 and 6 worms in the three

animals receiving ivermectin.
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1. Describe the Proposed Action

(c) Pharmacology (Cont'd)
Also in field trials, ivermectin, at 50 to 400 mcg/kg

had no effect against the tapeworms Dipylidium caninum
and Taenia spp in dogs.(1)* Similarly, in anthelmin-
tic tests in equids, ivermectin was shown to be inef-

fective against natural tapeworm 1nfectfons.(2)

Ivermectin administered ora]]y.to sheep at levels up to
4vmg/kg body weight (20 times the recommended use
level) resulted in coughihg and tachypnea but no evi-
dence of toxicosis or serious adverse reaction. Iver-
mectin is also well toférated 1h»humahs in sing]e»doses

up to 200 mcg/kg body weight.

'Ivermectin is unrelated structurally to any of the
present available parasiticides. Because of this and
its unique mode of action not shared by any other par-

asiticides, croﬁs-resiStance is not expected to occur.

*Literature references on page 163.
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1. Describe the Proposed Action
(c) Pharmacology (Cont'd)
| Ivermectin has mild anticonvulsant activity .in the
. pharmacometric screen of central nervohs:system effects
in the mouse. The L050 24‘hours after drug adminis-

tration was estimated to be less than 10 mg/kg.

Ivermectin was virtually inactive against electroshock
and bicuculiine~1nduced convulsions one hour following
treatment. However, anticonv01$ant act1v1ty‘of:1ver—
mectin increased markedly in both assays when measured

4 hours after treatment}

At a dose of 0.5 mg/kg IV, ivermectin had no signifi-
cant effect on blood pressure or heart rate of anesthe-
‘tized dogs, nor did it modify blood pressure or heart
rate responses to autonomic drugs in a standard assay.

The B

la component of ivermectin enhanced the 3H-

diazepam binding in rat brain P, membranes by 32% at

a concentration of 1 mcM.

Ivermectin, at an intragastric dose of 0.5 mg/kg, did
nqt affect evoked or basal gastric secretion in dogs

with a chronic gastric fiétu]a.

- 92
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1. Describe the Proposed Action

(c) Pharmacology (Cont'd)
Ivermectin, at 1 and 2 mg/mil (parts per thousand). did
not inhibit the growth of 9 bacterial or 5 fungal
strains. The bacterial strains were Staphylococcus

aureus, Streptococcus gyogene ,:Bordete]]a bronchsep-

tica, Klebsiella gﬂggﬁdnigg, Aerobacter aerogenes,
Fscherichia coli, Pséudomonas aeruginosa (two cul-
tures), and Proteus mirabilis. The fungal strains were
Alternaria, Fusarium, Ceghalosgorium, Pullularia pullu-
lans, and Aspergillus niger. The solvent for the iver-
mectin, DMSO, was present at a level of 1%. This level
of DMSO also had no effect on the growth of the bac-
terial and\fuhgai cultures. Ivermectin was also tested
in the antibacterial agent screen at 1 and 2 mg/ml
against 5 strains each of Escherichia coli and Salmo-
nella typhimurium of animal origin (calf and pig animal
sources). The solvent, DMSO, was agaijn present at a
level of 1%. Neither the fvermectin nor the DMSO had
any inhibitory effect towards growth of any of the test

organisms at these levels.
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1. Describe the Proposed Action

(¢c) Pharmacology (Cont'd)

Ivermectin displays no substantial activity against

protozoa. In an in vitro assay using Trichomonas foe-

tus, the major isomer of ivermectin, HZBIa' dis~
played some activity in reducing I. foetus growth, but
only at 100 mcg/ml in a stoék solution. Concentrations
of H281a at 0.2 to 50 mcg/mi were not effective in
the 40-hour assay, whereas the 100 mcg/ml level of
stla wasAeffective in only two out of three as-

B} says. Avermectin B]a\was inactive at 1, 10 and 100
mcg/ml. Similarly, in an in gigggvassay using Trypano-
soma brucei, HoB4 4 again displayed growth inhibi-
tion in a 6-hour incubation at 100 mcg/ml, but no ac-

tivity at 1 or 10 mcg/ml. Here again, avermectin B1a

was inactive at‘l, 10 and 100 mcg/mi. In an in vivo

assay of 1. brucei in mice, doses of 50 mg/kg of

H281a_and avermectin B,_ were toxic. Doses from

la
0.4 to 10 mg/kg produced some toxic reactions. Over

the dosing range of 0.1 to 10 mg/kg, HZB and

la
avermectin B]a provided no in vivo protection against

T. brucei infection.
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1. Describe the Proposed Action

(d)

Toxicity

Ivermectin has been shown to be negative in the Ames
Microbiological Mutation Assay and in a Mammalién Muta-
tion Assay using a mouse lymphoma cell line. In addi-
tion, ivermectin did not induce unscheduled DNA synthe-
sis in a human‘fibroblast cell culture. The results of
these studies showed no genotoxic hazard associated

with the use of ivermectin.

Ivermectinvis terafogenic in rats, rabbits and mice at
or near maternotoxic dose levels. Evidence of a tera-
togenic effect was limited to cleft palate that oc-
curred at a Tow frequency in a]i‘three species and

clubbing of the forepaws which occurred only in the

rabbit fetuses. Mice are the‘species most sensitive to.

the effects of ivermectin with maternotoxicity at a
dose of 0.2 mg/kg/day and teratogenicity at 0.4 mg/kg/
day. A dose of 0.1 mg/kg/day was without maternotoxic
or teratoéenic effect in mice. In rabbits, 6 mg/kg/day
was maternotoxic and‘teratogenic, and teratogenicity

was also evident at a dose of 3 mg/kg/day. A dose of

1.5 mg/kg/day in the rabbit was without maternotoxic

" 95
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1. Describe the Proposed Action

(d)

Toxicity (Cont'd) ‘, -

or teratogenic effect. The threshold for materno-
toxicity and teratogenicity in . rats was 10 mg/kg/day; a
dose of 5 mg/kg/day was neither maternotoxic nor

teratogenic.

In a reproduction study in rats, as well as in acute
studies, it was demonsfrated that neonates are signifi-
cantly more susceptible to the toxic effects of iver-
mectinvthan adult animals. The LDg, for infant rats

is approximately 10-f01d Tess than that of adults. In
a rat reproduction study, there was increased neonatal
mortality at a dose df 1.6 mg/kg/day. In a 14-week
oral toxicity study in which weanling rats (about 4
weeks of age) derived from the reproduction study were
given ivermectin at dqses up to 1.6 mg/kg/day, there

was no treatment-related morta]ity.

In the 14-week oral toxicity study in rats mentioned
above, no treatment-related effects were observed at a

dose of 0.4 mg/kg/day. At doses of 0.8 and 1.6

- mg/kg/day, enlarged spleens resulting from congestion

and extramedullary hematopoiesis occurred in a few )
- 96
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1.

Describe the Proposed Action

(d)

Toxicity (Cont'd)

rats. This was accompanied by the accumulation of

- fron-positive pigment in the renal tubujar'epithelium

‘and hyperplasia of the bone marrow.

In a 14-week oral toxiéity study in dogs, no treatment-
related effects were'observéd in animals given 0.5
mg/kg/day. Dbgs.given 1 and 2 mg/kg/day developed
mydriasis and lost a smai1,amount of weight.- Fﬁur of 8
dogs given 2 mg/kg/day developed tremors, ataxia and
anorexia and became dehydrated. These dogs were killed
prior to termination of the study, and agonal gastro-
intestinal hemorrhage and/or congestion was observed in
2 of the dogs. No other treatment-related histologic

change was observed in any dogs.

Sheep given ivermectin orally in a micelle formulation
did not evidence signs of serious reaction until doses
(4-mg/kg)—éxceeded 20 timgs the use level. In cattle
trials designed to examine the effects of ivermectin

doses in up to 8,000 mcg/kg. Deafhs occurred in 3 of 4

animals at this dose rate, but no clinical signs of
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1. Describe the Proposed Action

(d) Toxicity (Cont'd) v
toxicosis were seen at 6,000 mcg/kg, which is 30 times

use-level dose rate.

Trials indicate that signs of toxicity (partial mydria-
sis) may be seen in some horses at levels approximately
15 times the proposed use‘]eve], énd toxicosis and some
fatalities occurred in horses receiving doses (12

mg/kg) in the vicinity of 60 times use level.

The élinica] signs of acute toxicity caused by ivermec-

tin in the pig:are lethargy, followed by ataxia, mydri-
-~asis, intermittent tremors, labored breathing and lat-

eral recumbehcy. These signs appeared in p1§s injected

subcutaneously with ivermectin at 30 mg/kg body weight

(100 times the recommended use 1eve1). Pigs treated

Qith 1vefmect1n at levels up to 15 mg/kg body weight

(50 times the recommended use level) did not ekhibit

signs ofvioxicity.

N
The oral acute LD, of ivermectin in the mallard duck

is 85 mg/kg, with 95% confidence 11mits. 67 to 120
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1. Describe the Proposed Action

(d) Toxicity (Cont'd)
mg/kg. At the lowest dosage level tested of 10.0
mg/kg, slight lethargy and loss of coordination
occurred immediately after dosing and lasted through
day one. Toxicity symptoms were pronounced and lasted
longer as the~dosage levels of the drug increased.
Symptoms of toxicity observed included lethargy, loss
of coordination, prostrate posture, lower 1imb rigidi-

ty, loss of kight1ng reflex and depression.

The subacute LC50 in this avian species in an eight-
day dietary study 1s 383 ppm, with 95% confidence lim-
its, 302 ppm to'487 ppm.

O
O
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1. Describe the Proposed Action
(d) Toxicity (Cont'd)

At 162 ppm, the lowest concentration tested, lethargy,
reduced reaction to external stimuli (sound and move-
ment) wing droop, loss of coordination and lower Timb

. weakness occurred within three hours of exposure to the
treated diet, and lasted for five days. However, birds
appeared normal 24 hours after being on basal diet;
there was 20% mortality at the 288 ppm concentration
level, 80% at the 511 ppm concentration level, and 100%
at highericbncentration levéls;‘ Ddrétion of toxicity

symptoms 1ncreased as the levels of avermectin Bla

increased.

The acute oral L050 of ivermectin in the bobwhite

quail is estimated to be greater than 2000 mg/kg.

At an avermectin B1 level of 62.5 mg/kg, the birds

exhibited lethargy, reduced reaction to external stimu—
11 (soun& and movement) and loose droppings that lasted
for two days. There also was no morta]ity at the low-

est avermectin B] level (62.5 mg/kg) tested.
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1. Describe the Proposed Action

(d)  Toxicity (Cont'd)
At higher dose levels of avermectin B, (125 mg/kg),
toxicity symptoms appeared within 1-2 hour;, well es-
tablished within the fifst day, ;nd lasted for five
days. These symptoms 1nc1uded.1055 of coordinatisn,
shallow and rapid respiration. depression, reduced
reaction to external stimuli (sound and movement) wing
droop, lower 1imb weakness, prostrate posture, ruffled
appearance, lethargy, comatose state and some loose
droppings. However, no‘mortaiities occurred at the 125
mg/kg‘dose Tevel. Mdrtaiity 1ncidents were inconsis-

tent with increased avermectin B.I Tevels.

Avermectin B1 dosage levels of 250 mg/kg and 1000
mg/kg caused only 10%;morta11fy. but levels of 500
mg/kg and 2000‘mg/kg caused 40% mortality. However,
severity of the toxicity symptoms increased as Avermec-

tin B] dosage 1e§els increased.

L o SO A e e
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Impact Analysis Report (Continued)

1. Describe the Proposed Action

(d)

Toxicity (Cont'd)
In an eight-day dietary study in this species, the

. Subacute LCc, value of ivermectin was determined to

be 3102 ppm, with confidence limits (95%) of 2338 to
4393 ppm.

The Towest concentration tested (288 ppm) induced toxi-
city symptoms within four hours of exposure to the
treated diet. - These toxicity symptoms included lethar-
gy and reduced reaction to external stimulj (Sound and
movemént) and lasted for‘three days after which birds

appeared normal. Duration of the toxicﬁty symptoms

- increased as a funétion of increased avermectin B]

concentration in the diet. Mortalities occurred at

concentration levels > 1620 ppm.

(See Table 1 on following page -- 20.)




TABLE .

Results of Acute, Subacute, Oral Teratology, and Genotoxic Studles of Ivermectin

0z =2begd

SIGNIFICANT FIPDINGS

NO EFFECT LEVEL

Syntheslis iIn
Human Lung
Fibroblast

TYPE OF STUDY SPECIES DURATION ANTEMORTEM POSTMORTEM {mg/kg/day)
Acute Oral Mouse (M,F) - - LD50 11.6~41.6 mg/kg -
Acute Oral Rat (M,F) - - LD 0 42-53 mg/kg -
Ocufar Irritation  Rabblt - - Sl?ghfly irritating -
Dermal irritation Rabblt - - Non-irrltating -
Dermal LD50 Rabbit - - LD__ 406 mg/kg -
Dermal LD50 Rat - - LD50 660 mg/kg -
Acute inhalation Rat 1 hr. exposure Translent irritation mucous No deaths - Actual exposure based on resplir-
membranas able particies 0.4 mg/kg
Acute Subcutaneous Young Dogs - - LD50 210 mg/kg LD50 4.8 mg/kg (KTE
Toxiclty Rat In utero phases Hypothermia, absence of Increased pup mortallty 0.8
. ‘ milk In eplgastric reglon
14-Week phase None Enlarged spleen, possible 0.4
Intravascular hemolysis
Toxlcity Dog 14-Yeek Tumors, atexla, dehydration, Dogs. sacrificed due to poor 0.5
mydrlasis condltlion, agonal changes in 2
: dogs - no other changes
Teratology Mouse Day 6-15 of Mortallty, tremors, Cleft palate Maternal effects ~ 0.1
: gestation - convulslons, coma Teratogenic effect - 0.2
Teratology Rat Day 6-17 of Sedation; 3 rats sacrificed Cleft palate Maternal effects -~ 5.0
gestation- In poor physical conditlion Teratogenic effect - 5.0
Teratology Rabbit Day 6-18 of Sedation, decreased body Decreased fetal welght, in- Maternal effects = 3.0
s gestatlion welght ' creased number fetal deaths, Teratogenlic effect ~ 1.5 £
j cleft palate, clubbed forepaws : K\:E
Teratology - Dog Day 5, 15, 25, None No treatment~ related external, 0.%
- 35 or Day 10, visceral or skeletal malforma-
= 20, 30, 40 of tlons
A gestation »
Ames. Bacterlal - - Negative - 2 mg/plate
Mutagen Assay ' '
Mouse Lymphoma - - Negatlve - 80 g/ml
Mutagen Assay
Unscheduled DNA - - Negative - 10 mg/flask
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1. Describe the Proposed Action

(e) Purpose and Benefits

The cost of parasitism, in terms of morbidity and re-
sultént depression of‘growth and feed efficiency, has
long been recognized as a significant factor in the
economical production of both meat and wool. Thus, the
increased significance'of‘paras1tism has led to the
widespread u§e of antipara§1t1c drugs. Losses to the
sheep and wool 1ndustry have been pfimafi]y attributed
to the reduﬁéd feed efficiency, general debility and

mortality caused by internal and external parasites.

IQermect1n is an effective, new antiparasitic agent
which is not chemically related to any other drug now
being marketed for sheep. In the proposed form, iver-
mectin provides the most convenient, ready-to-use me-
thod of controlling important species of gastrointes-
tinal roundworms found in the United States, plus lung-
worm and nasal bots, a spectrum of activity not shared

by‘any'otﬁer currently available product.
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1. Describe the Proposed Action

(e)

Purpose and Benefits (Cont‘d)

The unique activity of this product also permits con-
trol of parasite strains shown to be resistant to

benzimidazole compounds. Clearly beneficial effects

. with economic value would result from its use, such as

()

decreased morbidity, ahd increased wool production and

weight gain, due to the remova1 of the parasites.

Potentjg] Market Hgggling_ggg Storage

Currently, two products dominate over 80 percent of
the estimated 16.3 million doses of anthelmintics
adminisfered to 12.4 million sheep in the United
States. IVOMEC® 0.08% Oral Solution for Sheep is

‘expected to attain a significant market share within

the anthelmintic market, due to its unique control of

a broad range of parasites.
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1.

Describe the Progoséd‘Act1on

(f) Potential Market Handiing and Storage (Cont'd)

There are no special storage requirements for
IVOMEC® 0.08% Oral Solution for Sheep. Stab111ty
studies shoﬂ that IVOMEC® 0.08% Oral Solution for
Sheep will be stab]e for two years’when stored under

normal conditions.

Spills of IVOMEC® 0.08% Oral Solution for Sheep.
should be contained and soaked up with absorbent
towels or 1ﬁto loose soil. Gloves should be worn to
prevenf skih exposure. All the collected méteria]s
(contaminated towels and soil) should be bagged in
plastic film bags and disposed of by incineration or

in an approved landfill.
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1. Describe the Proposed Action

- (f)

(9)

Potential Market Handling and Storage (Cont'd)

The proposed trade channgls for d1str1but1on of
IVOMEC® Oral Solution for Sheep will be similar to
other currently marketed’anthe1m1nt1c products. Ani-
mal health wholesalers, deaiers. their distributors
and licensed veterinarians will be utilized.

Literature - Ave?mect1ns and Ivermectins as Insecti-

cides, etc.

There are several reports in the literature describing

the insecticidal as opposed to the parasiticidal activ-
1tyfof jvermectin and structurally related analogs, the

avermectins.

The first report(3) tested the insecticidal activity

of several avermectins against Tribolium confusum (con-
fused flour beet]e); qur avermectin analogues were
100% lethal by ze-days to I;_confusum at 100 ppm, as
compared to a 34% mortality in the controls. Mala-
thion, the positive control, was more potent, showing
similar activity at 10 ppm and less. This report and a
second report(4) also reported 6n the ectoparasitic
activity of avermectins on Cuterebra spp. (robust bot

fly) larvae and Lucilia cuprina (sheep blow fly) larvae.

PR
e, “E
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1. Describe the Proposed Action

(9)

Literature - Avermectins and Ivermectins as Insecti-
cides, etc.

A report by Putter et a1.(%) summarized the activity
of avermectin B.la against several mites, pesticidal
worms, beetles, aphids, ants, larval flies and mosqui-
toes, and nematodes. Averméct1n‘was active against all
motile mite stages, but had no ovicidal activity. The
lethal action of avermectin was slower thén that of
conventional organophosphates and pyrethroid insecti-
cides. In the fire ant, averme§t1n permanently halted
egg produ;tion in the queen at 0.12 g/ha, but was not
100% lethal to the worker ants. Larval flies and mos-
quitoes'eqused to 2 to 50 ppb in their rearing medium

failed to pupate. Another avermectin, B.., con-

2a
trolled soil nematodes at a rate of 0.16 to 0.24 kg/ha
and was not observed to be phytotoxic to greenhouse
tomatoes and cucumbers at doses as high as 10 kg/ha.
It was postulated that the avermectins inhibit nervous

signal transmissions at the neuromuscular junctions of

~ arthropods and block signal transmission from ventral

interneurons to excitatory motor neurons in the nema-

todes.
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Describe the Proposed Action

(9)

were sufficient to prevent development of the immature

Literature - Avermectins and Ivermectins as Insecti~

cides, etc.

(6-8)

Reports on the 1arvic1da1 activity of ivermec-
tin, MK-§33, towards horn, stable, face and house flies
have been published. The first of these determined the
LCgy and LCgy, cohcentrations of insecticides for
stable and horn flies in a larval medium of a dry mix,
bovine feces and water. The larval susceptibilities
were determined on the basis of emerging adults,
corrected against the:numbe; of adults emerging from
medium"treéted with acetone (insecticidal solvent)
only. MK-933 displayed cho values of 0.186 ppm for
stable flies and 0.006 ppm for horn flies by this
method. The second report looked at larvicidal activi-

ty of MK-933 in the feces of steers given daily oral or

subcutaneous doses, or a single subcutaneous or oral

‘(bolus) dose. Daily oral doses as low as 20 mtg/kg

stage of the stable fly, while as little as 0.5
mcg/kg/day provided horn fly control. A single injec-
tion of 200 mcg/kg, the antheimintic dosage, controlled
horn flies in the manure for up to 4 weeks post-
treatment. Oral doses of 1 mcg/kg/day killed all horn

fly larvae in the manure, while a 5 mcg/kg/day . 105
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1. Describe the Proposed Action

(9)

Literature - Avermectins and Ivermectins as Insecti-
cides, etc. '

oral dose killed all the face flies, about 60% of the

stable flies and 90% of the house flies in the manure.

The third report on larvicidal activity of MK-933

reported that a 200 ﬁcg/kg injection resulted in 100%
corrected mortality of the face fly larvae deve]oping
in the feces for 9 days. Larvae emerging from feces
sampled 10 to‘15 days pdsttreatment developed into
malformed pupae, with approximately 90% failing to
undergo eclosion. Effectiveness of ivermectin

decreased after 15 days posttreatment.

Results of tests of avermectin Bla against the red

imported fire ants, Solenopsis invicta Buren, have been

reported.(9310) The avermectin Bla' fed to labora-
tory colonies at concentrations as low as 0.0025% in
soybean oil bait, inhibited reproduction of queens.
Some worker mortalities occurred at concentrations of
0.025% or greater. Field tests indicated only 8 out of
928 colonies that fed on bait applied at rates of
0.0077 to 7.41 g/ha had worker brood. The primary

effect of avermectin B was on the reproductive

la
capacity of the queen rather than acute toxicity
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Describe the Proposed Action

(9)

(h)

Literature - Avermectins and Ivermectins as _Insecti-
cides, etc.

for the workers. The damage to the QUeen was charac~
terized by irreversible cell and tissue damage to the
ovaries, resulting in compJete stertlity or reduction

in the numbers and size of eggs laid.

The efficacy of avermectins for rootknot control in
tobacco was reported.(11) Control of Meloidogyne
1hcogn1ta was stUdied in tobacco fields for two sea-
sons. Applications of 0.05 to 0.50 kg/ha suppressed

" root galling and egg production.

And finally, a fecent article in Science summarized
data on the microbiology, isolation and structure de-
termination, chemistry, antiparasitic efficacy, mode of
action, safety and mefabolic disposition of fhe aver-
mectin family of compounds.“z)

Brief Deshription of Primary (and Secondary) Environ-

ment Affected

This‘subject_is'discussed more fully in Section D-2
following. The primary impact from the use of
ivermectin in sheep on the natural environment will be

the excretion of the drug by treated sheep via their -

feces and urine. Data have been collected relevant to
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3. Describe the Proposed Action

(h) Brief Description of Primary (and Secondary) Environ-
ment Affected

the following properties and the drug sponsor has con-
cluded that the use of ivermectin in sheep does not
repnesent an action that would have a s1gn1f1cant'1m—

pact on the quality of the human environment.

In the analysis of the potential adverse impact on the
environment from treating sheep with ivermectin, the
following areas were examined and are reported in

greater detail in Section D-2:

1) The Environmental Burden
The expected environmental burden based on the
concentration of ivermectin and its metabolites in
the accumulated waste in a sheep feedlot both under
normal practices and in a "worst-case®" situation.
This environmental burden is calculated as the soil
concentration (ppb) when feedlot waste is spread on
a field at a level of nine tons ber acre and mixed

with the top 6 inches of soil.
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1. Describe the Proposed Action

(h) - Brief Descriptidn,of’Primary (and Secondary) Environ-
ment Affected

2)

3)

4)

Stability in Soil
Half-1ife of ivermectin and‘ivermectin in feces was

measured when treated soil was exposed to outdoor

conditions in New Jersey, both in the winter and in

the summer. Analysis of water percolated through
these §amp1es permitted characterization of the
effluent.

Stability in Water

A sample of feces from steers dosed with radio-
labeled ivermectin was extracted with water and the
extractability and‘stability over eleven days were
measuréd. |

Soil Column Leaching

Experiments were carried out to determine the aque-
ous leaching of ivermectin and its metabolites from
feces of sheep‘doéed with ivermectin. Feces alone
and feces mixed 1:1 (w/w) with Iowa silt loam soil
and placed on top of a 2 cm depth of this soil were
leached for a few days with water.‘ The Teachates

were assayed for total percolated drug and metabo-

ot
L—
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1. Describe the Proposed Action

(h) Brief Description of Primary (and Secondary) Environ-
ment Affected ' ‘

4) Soil Column Leaching (Cont'd)
1ftes, for extractability of radiocactivity into
~dichloromethane, for percent of 1vgrmect1n in the
leachates, and for toxicity of leachates towards

Daphnia magna.
5) Soil Toxicity -- Microbial Effects

Feces from steers dosed with ivermectin were mixed
with either pasture or forest soil and the‘effects
on soil nitrification and soil respiration were
measured.

6) Phytotoxicity of Ivermectin

A fresh-water, uhice]luiar. non-motile chlorophyte,

Chlorella pyrenoidosa was used in an algal toxicity

test to measure the effect of ivermectin on overall
cell growth,'meén specific growth rate,‘maximum
standing cfop, algalkbiomass and lag period.” Ob-
servafions were also recorded relative to the phy-
totoxicity of‘aVermectin on a variety of food crops

during the conduct of insecticidal efficacy studies.
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1. Describe the Proposed Action
(h) Brief Description pf Primary (and Secondary) Environ-

ment Affected

7

8)

9)

Toxicity to Aquatic Organisms

The toxicity of ivermectin toward three aquatic
species was measured: the bluegill sunfish, rain-
bow trout and the arachnid, Daphnia magna or water
flea. |

Toxicity to Nematodes, Arachnids and Insects

The effect of ivermectin and related compounds on a
number of insects, phytophagous mites, and soil
nematodes, was measured in a variety of tests.

Toxicity to Annelids

Studies were conducted to determine the LC50 for
ivermectin to the earthworm, Eisenia foetida in
artificial soil under contro]]ed laboratory condi-

tions.

From the results of these studies, it was concluded
that the greatest potential for adverse environ-
mental impact would be on aquatic organisms should
ivermectin be permitted direct entry into ponds,
streams, or rivers. The following statement was

added to the labelling to avert such an action:

115
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1. Describe the Proposed Action

(h) Brief Description of Primary (and Secondary) Environ-
ment Affected

9) Toxicity to Annelids (Cont'd)
"ENVIRONMENTAL SAFETY

Studies indicate that when ivermectin comes in
contact with the sojl, it readily and tightly binds
to the 5011‘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 feéd]ots to enter lakes,
streams, or ground water. Do not éontaminate water
by-direct application or by the improper disposal
of drug containers. Dispose of drug container by

1ﬁc1nerat10n or in an approved landfiil.”

A Secondary and minor poteﬁfia] adverse impact on
the evnironment could occur in the manufacture of
ivermectin and in formulating IVOMEC 0.08% Oral
Solution for Sheep. The environmental controls
imposed during each of these operations at four
locations have been examined and have been found to
meet or exceed all of the réduirements set forth by

the respective governmental regulatory authorities.

6 -
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(a) Environmental Burden

The projected use of ivermectin in sheep’invq1ves the
oral administration of the drug at a level of about 0.2
mg/kg body weight. The animals may be cdntained in a
pasture or concentrated in a commercial feedlot. Gen-
erai]y. the sheep will receive only one dose of the
drug; however, year-round parasite control programs
could involve up to 3 or 4 treatments per year in young

réplacement stock.

Many sheep will be dosed with ivermectin in a large
feedlot. The following calculations based on the U.S.

(13) show

Environmental Protection Agency publication
the expected concentration of ivermectin and metabo-
1ites in the "Raw Waste" (mandre) of a feedlot and the
concentraiion in a field when the manure is spread as
fertilizer. These calculations show that the concen-

tration in the manure will be only 18 parts per
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(a)

Lambs

Environmental Burden (Cont'd)
billion and in field, when spread as a fertilizer at a
level of 9 tons per acre and mixed with the top 6

inches of so11; will be only 0.16 parts per billion.

Below (Figure 1) is a flow diagram from the above cited
reference showing the daily raw waste produced in a

typical feedlot operation in which a 36 kg lamb entered

the operation and in 120 days reached a market animal

weight of about 52 kg. During this period, the animal
would be treated once with ivermectin ét a dose level

of 0.2 mg/kg.

36 kg

| Feed — '~

—p

LAMB FEEDLOT b——p Lambs to slaughter

2.1 kg/hd/day

‘ = 52 kg

Time in Feediot

Bedding

~ Approx. 0.45 .kglhd'/dly*,’

Typically 120 Days

1

Aversge Raw 'w»te, 3.3 kg/hd/day

co

Figure 1 ~ ]
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences

(a) Environmental Burden (Cont'd)
The following calcu]ations show the average concentra-
tion of ivermectin and its metabolites in the waste
produced by the single animal. The concentration, of
course, will not change regardless of the actual number

of sheep treated in the feedlot.

Weight of lamb ' 36 kg
Dose of jvermectin x_0.2 mg/kg
Weight of ivermectin dosed =7.2mg
Waste produced per'sheep per day ' 3.3 kg
Total time in feedlot x‘120 days
Total waste produced per shegp v ; = 396 kg

Concentration of drug and metabolites in waste:

1.2 mg dose = 0.018 mg = 18 ppb
396 kg waste kg:




)

A
R s

" ENVIRONMENTAL TMPACT ANALYSIS REPORT (Continued)
"IVOMEC® (ivermectin) 0.08% Oral Solution for Sheep

Page 37

2. Discuss the Probable Impact of the Action on the Environment
{(including primary and secondary consequences)

(a) Enyironmental Burden (Cont'd)
If the manure from the feedlot were spread on a field
as fertilizer at a rate of 9 toﬁs per acre, equivalent
to 190 to 250 1bs nitrogen per acre, (14-13) 4he
total ivermectin plus metabolites would be 153 mg/acre

or 3.5 micrograms per square. foot:

Dose of ivermectin per lamb: 7.2 mg

Waste produced per lamb: 396 kg

Concentration of ivermectin and metabolites in waste:

1.2 mg x 1 kg y __2000 1b = 17 _mg*
396 kg waste 2.2 1b 1 ton (U.S.) ton (U.S.) waste

at a rate of 9 tons/acre:
(9 tons/acre)(17 mg/ton) = 153 mg/acre

153 mqg x 1 acre x 1000 ug - 3.5 micrograms/sq.ft.
acre 43560 sq.ft. mg

*Equivalent to ___ 18 mg
ton (metric) waste
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(a) Environmental Burden (Cont'd) |
when mixed into soil at a depth of 6 inches, the total
concentration of ivermectin plus metabo]ftes would be
only 0.16 ppb. |
1 sq.ft. x 6 in. depth = (144 sq.in.)(6 in.) = 864 cu. in.

864 cu.in. 4 16.4 cc y 1.5a . 21,254 g soil
cu.in. °  cc soil

3.5 ug x 1000 ng - 0.16 ng/g soil . 0.16 ppb
21,254 ¢ 1 ug

Based on the analysis of the feces for the presence of
unaltered drug (see Section b below) the concentration
of ivermectin in the feces/soil mixture described above

would be only about 0.10 ppb..

A “worst—éase“ situation in the utilization of manure
from a sheep feedlot might include the‘yse of the first
three day's»manure after dosing, which‘;ontains about
60% of the‘administered dose. The ivermectin plus

metabolite level in the feces would then be:

H
-F\J
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(a)

Environmental Burden (Cont'd)

1.2 mg dose x 60% excreted in first three days . 0.436 mg/kg
’ 3.3 kg waste/day x 3 days

436 ppb
Application of over 12 tons of livestock manure'per
acre per year is not rgcommended by the United §tates
Department of Agricu]ture.(ls) The Wisconsin Manure
Management plan estimates the amount of nitrogen that
can be applied annually without accumulating nitrates

(186)

as 250 1bs. ber acre. This would be 9 to 12 tons

per'acre for sheep feceﬁ, based upon 21 to 28 1bs.

nitrogen per ton fresh sheep manure.(14'15)

Using 12
tons sheep manure/acre as a "worst-case," and the level
of 436 ppb 1vermect1n’and‘metabolites in the first
three days post-dosing feces, would lead to an applica-
tion of 109 micrograms of drug and metabolites per
square foot: |

0.436 mg/kg , 2000 1b/ton - 396 mg/ton waste
- ' 72.2 1b/kg

396 mg/tofi x 12 tons/acre . 109 micrograms/sq.ft.
43,560 sq.ft./acre

-o122




ENVIRONMENTAL IMPACT ANALYSIS REPORT (Continued)
IVOMEC® (ivermectin) 0.08% Oral Solution for Sheep

pPage 40
2'

Discuss the Probable Impact of the Action on the Environment

(including primary and secondary conseguences)

(a) Environmental Burden (Cont‘'d)

Plowing this application inté a depth of 6 inches uguld
lead to a "worst-case' level of 5.1 ppb of fvermectin

and metabolites in soil.

109 microqrams/sq.ft. =5.1_n9g =5.1ppb
21,254 g soil/1 sq.ft. x 6 in. depth g soil

The *"worst-case" of ivermectin applicatioh‘in pastured
sheep would be an intensive pasturing situation with as

many as 60 sheep/acre.(17'13)

If the sheep were held
at this level for 70 days, as is possib]e on Swede

turnips, (18) then most or all of the 7.2 mg dose

| would be excreted, leading to an ivermectin and metabo-

1ite level or 432 mg/acre, or about 10 micrograms/

sq.ft.:
7.2.ma x 60 lambs/acre - 432 mg/acre
lamb

432 mq/acre = 10 microgram/sq.ft.

43,560 sq.ft./acre
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2. Discuss the Probable Impact of the Aétion on the Environment
(including primary and secondary conseguences)

(b) Metabolism of Ivermettin

Essentially all of the dosed tritium-labeled ivermectin
is excreted via the feces, either'as the unaltered drug
orvas'metabolites; only about 0.5% of the dose is ex-
creted in the urine (see Table 2). Analyses of a 1-3
day feces composite by.the revérse isotope dilution
assay accounts for about 61% of the total radiocactivity
in the feces as unaltered drug. The remaining 39% of
the radioactivity consists of ivermectin metabolites.
These compounds are soluble in methylene chloride but

are generally more polar than ivermectin. Based on

extensive analyses of the residues found in the Tiver
and fat of steers dosed with iverméttin. one might
expect that the metabolites present in feces consist of
i“  - the hydroxylated ivermectin and also the monosac-

’ | charides and‘ag1ycones of ivermectin and the hydroxy-
lated analogs (seé Figure 2). Figure 2 also shows the

Structural similarities between ivermectin and the

i
o
o
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2. Discuss the Probable nggct of the Action on the Environment

(1nc]ud1ng grimary and secondary conseguences)

(b) Metabolism of Ivermectin (Cont'd)

products of its hydrolysis. Section D-2(k) summarizes
the results of insecticide assays with ivermectin,
ivermectin monosaccharide, jvermectin aglycone and

avermectin 813.
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FIGURE 2 : PRODUCTS OF HYDROLYSIS OF DIHYDROAVERMECTIN B,

D1hydroavermect1n-8l

Dihydroavermectin-Bl-
Monosaccharide

D1hydroavermectin—81a: R = CZHS

Dihydroavermectin—Blb: R = CH3

Dihydroavermectin~ﬁl-Aglycone

€y 9bed
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2. Discuss the Probable Impact of the Action on the Environment
{including primary and secondary consequences)

(b) Metabolism

of Ivermectin (Cont‘q)

Bio]ogital assays of many compounds relafed to ivermec-
tin 1hd1cate that these compounds appear to be less
toxic than ivermectin towards Daphnia magna. As dis-
cussed in Section D-2(J), Toxicity to Aquatic Organ-
isms, preliminary uncontroiled studies found thatle1u-'
ates (some di]utéd 1:1) from soil columns containing
1vermect1n and its bovine‘metaboiites did not elicit a

1etha1 effect in 48 hours on Daphnia.

A variety of biological assays of several compounds
related to 1vermect1n showed that all these products

are less active than the parent drug. Similarly, toxi-
city of monosaccharide and thé'aglycqne of ivermectin
toward baghnia magna is less than that of parent com-
pound. (See Table 3)
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2. Discuss thekPrgggble Impact of the Action on the Environment
(including primary and secondary consequences)

(b) Metabolism of Ivermectin (Cont'd)

Table 2

Comparison of Dosing and Excretion
of MK-0933 for Swine, Steer and Sheep

Dosage Dosage % of Dose
Dose Given Sought Excreted in First Percent of
Route in In Study In NADA ___1 Days Parent Drug

Animal Study mg/kq mg/kg  Feces Urine in_Feces
Swine Subcutaneous 0.4 0.3 36 0.4 39
Steer Intraruminal 6.3 : 0.2 80 = 0.5 N.D.
Steer Subcutaneous 0.3 0.2 62 1.5 40-50
Sheep Intraruminal - 0.3 0.2 69 0.5 61

N.D. = Not Determined

g
e
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2. Discuss the Probable Impact of the Action on the Environment

{including primary and secondary consequences)

(b) Metabolism of Ivermectin (Cont'd)

Table 3

Comparison of the Toxicity of Ivermectin
and the Monosaccharide and Aglycone of its Major Isomer

' Compounds

"MK-933 (> 80% HBj,,
< 20% H3Byp)

HyBqa-MS (L638,724)
HyBqa-AG (L638,723)

48-Hour Daphnia Magna Results
' ‘ Approximate No

LCs0, PPD Toxicity Level, ppb
.02 .01
0.4 0.1
> 17 10

Chemical structures may be found on page 43.

- 129
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2. Discuss the Probable Impact of the Action on the Environment
‘(including primary and secondary consequences)

(c) Stability of Ivermectin in Soil |

Experiments were conducted at the Merck Sharp & Dohme
Research Laboratories to determine the stability of
ivermectin in soil and of 1vermé§t1n in samples of
composite sheep and composite steer feces in soil dur-
ing the summer. Ioﬁa si1t Toam soil was used for all

» samples. The samples were placed outdoors at the Merck
site on June 24, 1981. Percolated rain water was col-
lected as necessary and pooled until fime of assay.
Assay times were at 0, 1, 2, 4, and 8 weeks. Soil
samples were assayed for tofaT radioactivity and for
the percent of total radioactivity represented by iver-
mectin.. Percolated water samples were assayed for
total radioactivity, for extractability into dichloro-
methane, and for the percent of total radiocactivity

contributed by ivermectin.
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(c) Stability of Ivermectin in Soil (Cont'd)

The ivermectin in soil samples were prepared by mixing
1.13 ug ivermectin into 50 g of‘Iowa silt loam soil,
for an ivermectin level of 22.6 ppb. Four 10-g por-
tions were placed on top of glass fiber filters in
coarse sintered glass funneis. One 10-g portion was
reserved as a zero time sample. The funnels were
p1aced on erlenmeyer flasks in a plastic tub at the

| | - outdoor site.

The composite feces in soil samples were all prepared
by mixing 2.5 g of the,abpropriate feces with 47.5 g of
Iowa si1t loam soil. After thoroughly mixing, one 10-g
portion was‘reserﬁed as a zero time sample, while four
| 1 10-g samples were placed in coarse sintered glass fun-
| | nels containing glass fiber filters. The funnels were
placed on erlenmeyer flasks in the tub at the outdoor
site. :The feces/soil samples were 50 mg feces/g and

total drug equivélent levels were 23 ppb fof the com-
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(c) Stability of Ivermectin in Soil (Cont'd)

posite steer feces in soil 52 ppb for composite Sheep '

feces in soil.

The soil/feces samples were assayed by weighing, homog-
enizing with an equ&] wéight of water, and combusting
trip]icaﬁefpdrtions to determine total radioactivity
per gram. The rest‘of the hdmogenate was spiked with
unlabeled 1verm¢ct1n and mixed with an equal volume of
acetone. After centrifuging, the acetone was removed
and a second écetsne extraction was perfofmed., The
pooled acetone‘extracts were evaporated after an ali-
quot was removed for scintillation counting. ‘The‘fesi—
due was dissolved in methanol, filtered and redissolved
in methanol. Ivermectin components were isolated by
high performance liquid chrdmatography (HPLC). The

specific activity of the H2l3]a and HZBIb
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2. Discuss the Probable Impact of the Action on the Environment
{including primary and secondary consequences)

(c) Stability of Ivermectin in Soil (Cont'd)

components of the ivermectin were determined to allow

calculation of the percent of ivermectin in the sample.

The rain water whicn'percolated through the sampies was
collected as needed and frozen until assay time. After
thawing, the volumes were determined, é]iquots were
.removed for scintillation counting, and unlabeled iver-
,mectin was édded. The aqueous samples were extracted
twice with 10% by volume of dichloromethane. The
pooled dichloromethane extracts were evaporated after
aliquots were remoVedvfor scintillation c;unting and
chromatographed to determine the percent of ivermectin
in the percolates. In all cases, no ivermectin was
observed in the aqueous percolates; only very polar
compounds were present. The percent of ivermectin in
the entire sample (feces/soil mixture plus percolated
water) was determined by corréfting the percent of

ivermectin in the feces/soil mixtures for the

Cal
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2. Discuss the Proggple Impact of the Action on the Environment
{including primary and secondary conseguences)

(¢) Stabilityfof Ivermectin in Soil (Cont'd)

amount of non-ivermectin radioactivity which perco-
lated. Table 4‘pre§ents'the results which are plotted
“in Figure 3. As can be seen, the 1eve1 of ivermectin
in each sample decreased *pseudo-exponentially® with
apparent half-lives of 1 to 1.5 weeks in every case.

The decomposition products were more polar compounds.
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Table 4: RIDA Data for Outdoor Stability Study of Ivennect1n

Sample

2. Discuss the Probable Impact of the Action on the Environ-
ment including primary and secondary consequences)

RIDA %

‘ {ﬁﬁgggsin in Soi‘l.

Coxposite steer
feces in soil

Coxposite sheep
feces 1n soil

(1.00)~ Corrected

Time of Soll/Feces  (Fraction of DPMs In _ RIDA % Total %

(weeks)  HzBjp HpBja  percolated H0) H2B1p HzBla MK-0933
0 20.7 98.0 1.0 20.7 98.0 118.7 -
1 9.7 47.85 889 8.6 42.2  50.8
2 3.5 21.0 804 2.8 16.9 19.7
4. 12 5.5 665 0.8 3.7 4.5
s 1.5 7.9 552 0.8 4.4 5.2
o 4.0 30.1 ! 1.0 6.0 301  &4.1
1 1.5 331 634 9.2 21.0  30.2
2 6.0 16.0 725 4.4 11.6  16.0
4 5.1 8.7 468 2.6 &5 6.9
s 1.0 2.4 423 0.4 1.0 1.4
° 13.3  61.2 1.0 13.3 61.2 %S5
1 8.9  42.7 841 7.5 35.9  43.4
2 43 242 .766 s.3 185 218
4 2.4 15.1 649 1.6 9.8 114
e 0.4 3.3 .650 0.3 2.1

2.4

(N
(@)
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(c)

Stability of Ivermectin in Soil (Cont'd)

Experiments were a]so‘carried out at Merck Sharp &
Dohme ReséarchkLéboratories (MSDRL) to determine the
stability of ivermectin in soil, of ivermectin mixed
with control steer feces in soil, of ivermectin and its
metabo]ités in feces from steers dosed with tritiated
ivermectin (composite feces) in so11, and of‘ivermectin
in control steer feces when these samples were exposed
to an outdoor winter environment. The amount of iver-
mectin remaining in these outdoor stability samples was
determined‘by reverse fsotope dilution assay (RIDA) at
various times. Rain water,/percoTated through these
samples, was collected and assayed for dichloromethane-
extracfable materials, 1ncihd1ng ivermectin, and for

toxicity of the eluated materials towards Daphnia magna.

g
~
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences) .

(c) Stability of Ivermectin in Soil (Cont'd)

Samples of ivermectin in soil, of ivermectin 1n control
feces in soil, and of composite steer feces in soil,
!~‘ o _ ‘  were prepared. Triplicate, weighed portions of each
| | sample were placed into 8 cm coarse—fr1tted'§1ntered
glass funnels. Triplicate samples of ivermectin mixed
into control feces were weighed into 4 cm medium-

fritted, sintered glass funnels.

The glass funnels were placed into filter flasks and
the flasks were placed into a plastic tub and set out-
Lo o | | doors in a fenced-in area at MSDRL where the samples
| were exposed to the outside environment.‘ A graduated

Cy]inder was also placed in the tub to measure rainfall.

The samples were placed outdoors on October 30, 1980.
Outdoor stability samples were taken after 1 week, 3
weeks, 7 weeks and 13 weeks. Ra1n‘water and melted

snow were collected as necessary.
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2. Discuss the Probable Impact of the Action on the Environmen
(1nc1ud1ng primary and secondary consequences)

(c) Stabilitv of Ivermectin in Soil (Cont'd)

Outdoor samples were assayed by adding a known amount

of unlabeled 1vermect1hﬁto a weighed sample. Suffi—
cient acefone was added with'mixing to.eduilibrate the
added and endogenous ivermectin. Acetone was used to
extract the cold carrier and endogenous tritium-iabeled
ivermectin. The extract was chromatographed on a high
‘performance 1iquid chromatography (HFLC) system. The
HPLC eluates which contained H,8,, and H,B

' _ 2°1b 27 1a
components of MK-933 were collected.

The total radioactivity in the sample was determined by
combustion of weighed samples. From the total radio-
activity in the extracted sample, the amount of unla-
beled HZBia and HZBlb added, and the specific
activities of the isolated compounds, the percent of

(]
0O
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(c) Stability of Ivermectin in Soil (Cont'd)

each ivermectin component in the sample could be cal-

culated.

Percolated water samples were co\lectéd and the total
concentration of ivermectin, its metabolites and de-
gradatidn materials in solution was determined by
counting aliquots. The- amount of radioactivity ex-
tractéble 1nto dichloromethane‘was determined either by
extracting‘the origfnél solution, then adding unlabeled
1vermectin for RIDA analysis, or by adding an equal
volume of acetone and an aliquot of unlabeled ivermec-
tin to the original solution, then extracting with

- | dithioromethane. ~The material extracted into the di-
chloromethane was then chromatographed by HPLC, and the

specific activities of the HZB and H

| la 281b
components of 1Vermectin were determined. The per-

colated_water samples were also assayed for toxicity

‘towards Daphnia magna.

AN
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(c) Stability of Ivermectin in Soil (Cont'd)
The dich]oromethane extraction and HPLC analysis of the
leachate from outdoor stability samples of composite
feces in soil indicated less than 10 né ivermectin per
liter in solution. This is below the 48-hour no-mor-
tality level for toiicity toward Daphnia magna. This
low level were cdnf1rmed in a preliminary, uncontrolled
Daphnia toxicity experiment, where ho mortality oc-
curred in 48 hours. The dichloromethane extractions
and HPLC analyses of the leachates from the outdoor
stability experiments of ivermectin in soil, pf iver-
mectin in control feces in soil, and of 1vermectfh in
control feces also showed low levels of ivermectin in
solution. and less.than 50% mortality towards Daphnia
magna after 48 hours.
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2. Discuss the Proggplé Impact of the Action on the Environment
(including primary and secondary consequences)

(c) Stability of Ivermectin in Soil (Cont'd)

The polar compounds which eluted from the outdoor sta-
bility sampies of ivermectin in soil represent exten-
sive degradation of ivermectin. These compounds were
more polar than the corresponding monosaccharides or
aglycones of ivermectin. The amount of these polar
Vdecompositioﬁ\materials in the soil samples when de-
termihing the rate of degradation of ivermectin in
soil. Initially, ivermectin comprised 59% of the
radioactivity in the ivermectin in soil sample and
polar compounds-accountéd for only 2%. After 13 weeks,
about 17% of the initial radioactivity hadve1uted as
polar material. Inclusion of this eluted ho!ar
‘material with the polar compounds in the soil means
that 46X of the radioactivity after 13 weeks was polar
material, while 31% of the total rad16act1v1ty was i
jvermectin. Thus, in 13 weeks, the level of ivermectin
decreased from 59% to 312 indicating a half-1ife of

about 14 weeks.

L
0




ENVIRdNMENTAL IMPACT ANALYSIS REPORT (Continued)
"IVOHECO (ivermectin) 0.08% Oral Solution for Sheep

~ -Page 60

2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences) ‘

(c) Stability of Ivermectin in Soil (Cont'd)
Similarly, for the outdoor sample of composite feces in
soil, 35% of the original radioactivity percolated in
13 weeks, and the decrease in remaining ivermectin in
the sample suggested_a half-1ife of about 31 weeks.
Ivermectin in control feces in soil, the ha]f-Tife
estimate was 52 weeks; and fdr ivermectin in control

feces without soil, it was 16 weeks.

Thus, there were low levels of ivermectin in the leach-
ates from the outdoor winter stability samples of iver-
mectin in soil, ivermectin in control feces in soil,
ivermectin in control feces without soil, and of com-
posite feces in soil. The levels of ivermectin in
these were below the Lc50 level of 20 ng/1 as deter-
mined by‘Daghnia‘mgggg assay. Most of the percolated
radioactivity. represented highly polar materia],vindif
cating gxtensive degradation bf the original ivermec-

P tin. Half-1ife estimates for the degradation of

- 143
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2. Discuss the Probable Impact of the Action on the Environme t
(1nc1uding primary and secondary conseguences)

(c) Stability of Iverme;tin in Soil (Cont'd)

ivermectin in various soil/feces mixtures in an outdoor
environment from November through January ranged from

14 weeks to 52 weeks.

Experiments on the stab111ty of ivermectin in feces
mixed with soil were carried out in aerated brown bot-
t]és at 22°C over a period of 3 to 18 days. The exper-
imental set consisted of twp types of samples: (1)
feces from stéers dosed with tritium-labeled ivermectin
and (2) control feces spiked with tritium-labeled
ivermectin. Each of these materials was mixed with
either sandy 1oaﬁ pasture dr gravelly clay forest
soils. The:experiments were set up with triplicate
samples. On a prescribed schedu1é. the samples were
extracted with water and then water/acetone. The
extracts and spent solutions were assayed for radio-
activi;y content and the water/acetone extract assayed
by an HPLC/fluorometric procedure for the ivermectin

content.
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2. Discuss the Probable Imggct of the Action on the Environment
(1nc1ud1ng grimary and secondary consequences)

(c) Stability of Ivermectin in Soil (Cont'd)

Considerable intragroup and intergroub.var1ation in the
radioactivity of ivermectin assays was encountered.
Calculations Of the half-1ife for the degradation pro-
cess were by the linear least squares fitting of the
logarithm of concentration at sample tjme. The half-
Tives indigate a re]atively slow, but significant,
degradation of ivermectin. Thus, there would not be a
gradua1 accumulation of ivermectin even if it were
introduced into the soil on repeated but 1nfrequent

1ntervals.

Half-lives of Ivermectin Degradation in Feces/Soil Hixtgfes

Sample __Soil Half-life-days
Feces from dosed animal Pasture 196
Feces from dosed animal o Forest 1M
Control feces plus jvermectin Pasture _169‘
Control feces plus ivermectin Forest 260
14

(S
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(c) Stability of Ivermect1n 1n4§Q11 (Cont'd)

At the end of the experiment, a small fraction
(2.4-7.0%) of the initial radijoactivity had been col-
lected in the ethanol used to trap volatile products.
The formation of such products indicates that extensive
degradation of the 1vermect1n}and metabolites had oc-

curred.

Further analysis of the radioactivity in these ethanol
traps at MSDRL showed that the radioactive component
was completely volatile. Mi]d heating of the trap
samples gave distillate and residﬁe fractions each with
the same:specific act1v1ty. Thus, this volatile radio-
activity appears to be tritiated water. Since the
tritium Yabel is in a chemically inert portion of the
ivermectin molecule, any Toss of tritium would have to
'occuk after extensive degradation of this bortion of

the motgcule.
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(d)

Stability of Ivermectin in Aqueous Extracts of Steer
Feces ‘

To simulate the situation expected to arise ih runoff
from feedlots containing ivermectin-treated cattle, the
extractabi]ity-of ivermectin and its metébo]ites from
fecal material by water, and the stability of ivermec-

tin in the aqueous phase, were studied.

Samples of feces from steers dosed with tritium-labeled
ivermectin were extracted with either lake water or
revefse osmosis water at a level of 50 mg of feces/ml
of water. The feces used in the study were a composite
co]ﬁécted 2 to 5 days after a:0.3 mg/kg dose, and the
level of ivermectin and its metabolites was 600 ppb.
This Tlevel is over 30 times the level of 18 ppb ex- '
pected under typical feedlot conditions [see Section

0-2(a), Environmental Burden].

L,
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2. Discuss the Probable Impact of the Action on _the Environment
{(including primary and secondary conseguences)

(d) Stability of Ivermectin in Aqueous Extracts of Steer
Feces (Cont'd)

After blending, centrifuging and filtering through
glass fiber filters, the feca] exfracts were transfer-
red: to 1000-ml amber bottles, sealed with rubber septa
and stored at 22°C. Samples were flushed three times a
jweek»With‘dry air to prevent anaerobiosis. Weight
losses taused by evaporation during flushing were
corfected by addition of reverse osmosis water.

Samples were assayed at 0, 2, 7, and 11 days.

At a loading of 50 mg feces/ml water, 30 ppb would be
the maximum nominal concentration of ivermectin and
metabolites in the extracts. Based upon the tritium-
activity, lake and reverse osmosis water extracted 36.5
and 35.0%, respectively of the total radioactivity, for
solﬁtion cqncentrations of about 10-12 ppb in total
drug-equiva]ent; High performance 11d01d chromato-
graphic aﬁa]ysis determined the concentration of iver-
mectin in lake watef at 2.8 ng/ml (ppb) and at 2.6

ng/ml in reverse osmosis water, which are 9.3% and 8.7%

s
¢
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2. Discuss the Probable Impact of the Action on the Environment |

(1nc1ud1ng_grimary and secondary consequences)

(d)

Stability of Ivermectin in Agueous Extracts of Steer
Feces (Cont'd)

~ of the maximum nominal concentrations, respectively.

Comparison of mean tr1t1um;act1v1ty in the extracts and
mean ivermectin concentration between lake and reverse
osmosis water showed no significant differences. Also,

there was no significant decliine in the ivermectin or

, total residue level during 11-day study in either lake

" or-reverse osmosis water.

The small amount of unaltered drug extracted from the
feces into thekWater probab]y reflects sorption to the

organic material in the cattle wastes.

3
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consegquences)

(e)

Soil Column Leaching

Experiments were carried out to determine the aqueous
leaching of ivermectin and fts metabolites from feces
of sheep dosed with 1vermect1n. Feces alone and feces
mixed with 1:1 (w/w) with Iowa silt loam soil and
placed on top of a 2 cm depth of this soil were leached

for a few days with water. The leachates were assayed

for total percolated drug and metabolites, for extract-

ability of radioactivity into dichloromethane, for

percent of ivermectin in the 1¢achates. and for

‘toxicity of leachates towards Daphnia magna.

For the leaching of composite feces mixed into soil, 50
g of composite sheep feces was mixed into 50 g of Iowa
silt loam soil. The drug équiva]ent level was 516 ppb,
over three thousand times higher than expected in
fertilized fields. Ninety grams of this mixture was

placed on top of a nine centimeter diameter by 2 cm
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2. Discuss ‘the Probable Imgact of the Action on the Environment
(including primary and _secondary consequences)

(e) Soil Column Leaching (Cont'd)
~ deep column of Iowa silt loam soil. A similar column

was prepéred'with control sheep feces. A volume of 944
ml (over 10 column void‘vo1umes) of distilled water was
passed through the control feces plus soil column. The
total drug equ1va]ent in the leachate from the com-
posite sheep feces,plus‘soil column was 2.9 ppb. A
portipn. taken for chemical analysis, was extracted
with dichloromethane after 0.9 mg of 1vermect1h was

 added. Only‘36% of the radioactivity was extractable

" into the dichlormethane, and chromatography of the
extracted materia] showed only about 1% of the perco-
lated drug-equivalent was ivermectin, or 0.029 ppb.

Thus a total of 0.027 ug of ivermectin had percolated.
The remainder of the percolated water was used for a

bioassay with Daphnia magna. The solution was assayed
at full strength (2.9-ppb) and at several dilutions

- 152




), : ’ . i
€ ! /
e i’

ENVIRONHENTAL IMPACT ANALYSIS REPORT (Continued)
IVOMEC® (ivermectin) 0.08% Oral Solution for Sheep

Page 69

2. Discuss the Probable Impact of the Action on _the Environment

(including primary and secondary consequences)

(e)

Soil Column Leaching (Cont'd)

with spring ahd river water. The leachate from the
control sheep feces plus soil column was similarly
diluted for control solutions in the biodssay. High
Daphnia mortalities were observed in the leachates from
the control feces/soil columns, especially undiluted |
and diluted with less than three equivalent volumes of

water. This mortality in the concentrated leachates

'was presumably due to bacterial or osmotic effects.

However,}]eachates from control feces/soil and com-
posite feces/soil, diluted with 3 parts or with 7 parts
of water caused no Daphnia mortalities in 48 hours. In
these solutions, the total drug-equivalent concen-
trations were 0.73 and 0.37 ppb, respectively. Since
ivermectin was chemically determined to be 1% of the
drug-equivalent in the percolate, the respective solu-
tion concentrations of ivermectin were 0.007 and 0.004
ppb, both below the 48 hour no-mortality level of 0.010

ppb. Thus, the perco]éted drug metabolites were not
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2. Discuss the Progggle Impact of the Action on the Environment
(including primary and secondary consequences)

(e) Soil Column Leaching (Cont'd)
toxic in these two solutions at 0.73 and 0.37 ppb,

indicating the water leachable metabolites are at least
37 to 73 times 1éss toxic than the pargnf compound.
These results are entirely consistent with those
obtained in previous MSDRL studies with composite steer

feces in soil.

For the leaching of sheep feces‘alone, forty five grams
of composite sheep fecés, cdntéining 1032 bpb total
dfug equivalent (roughiy.sox ivermectin and 40% polar
metaboiites) was'pTacé into a sintered glass funnel.
This drug‘equivélent Tevel is 57 times the level
expected in feedlot feces. A‘tbtal of 234 ml of dis-
tilled water was passed through the feces during the
four days. The total drug equivalent concentration in
the percolated water was 53.4;ppb_and‘26% of the total

radioactivity percolated. Ten percent of the sample

152
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary conseguences)

(e) Soil Column_Leaching (Cont'd)

was taken for chemical analysis, the remainder was used

' for bioassay. A sample'of-222 ml of distilled water
was passed through a sdmp]e of control sheep feces.
This sample was used for the control for the bioassay -

tested.

To the percolated water sample used for chemical
analysis was added 0.9 mg jvermectin in methano1-and
2oz,(y/v) of dichloromethane. After shaking, the
dichloromethane was removed. A second 20% (v/v) of
dichloromethane was used for a second extraction.
After removing an aliquot for scintillation counting,
the combined extracts werevevaporated. the residue was
dissolved in methanol and chromatographed. Only 24% of
the aqueous radioactivity was extrattab]e into dichlor-
- methane and chromatography‘showed<about 13% of the
perco]ateq drug equiva]ént was ivermectin. Thus, 1.6

ug of ivermectin had percolated.
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(e) Soil Column Leaching (Cont'd)

The percolates through the control and composite shegp
feces weré~d11uted Qith a 1:1 mixture of spring and
river water to provide solutions for toxfc1ty assays
using Daphnia magna. As with the leachates through the
control feces/soil columns, there were unacceptabiy
high Daphnia mofta]ities in many of the dilutions
tested. There were no dilutions tested with suffi-
ciently few Daphnia mortalities in the controls. (< 10%)
and sufficient'sur§ivals‘1n the correspondingly diluted
percoTate frbm composite sheep feces to meaningfully
~assess the fox1c1t1és of the leachable drug metabolites
Vre1at1ve ta parent drug. The composite feces used‘to
generate the bioassay samples (1032 ppb in total
drug-equivalent) had an ivermectin level 57 times that
expected in feedlot feces (18 ppb) and over twice that
calculated in a "worst case" feedlot situation (436
ppb). At the proposed target dose level of 0.2 mg/kg,

feedlot run-off might be expected to have tota] drug

- 155
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(e) Soil 001ﬁmn Leaching (Cont'd)
and metabolité levels on the brder of 35.6 ppb, since
leachates from the feces of sheep dosed at 0.3 mg/kg
contained 53.4 ppb drug equivalent. Thus, run-off from
a sheep feedlot may haye‘levels of ivermectin toxic to
aquatic organisms, but this run-off would be quickly
detoxified by‘passing over or through relatively small

amounts of soil.

| Since both tﬁe~feces column and the feces plus soil
column contained 45 g of composite sheep feces, the
removal of most of the aqueous ivermectin by soil can

- be seen. Whereas 1.6 ug of ivermectin pérco]ated
from the sheep feces column, only 0.027 ug percolated

from the sheep feces plus soil column.
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(e) Soil Column Leaching (Cont'd)
Additional column leaching experiments were carried out
‘at MSDRL to determine the mobility of ivermectin in
soil, of ivermectin mixed with control feces in soil
and of ivermectin and jts metabolites from feces.of
ivermectin-dosed steer mixed with 5011. Leaching
experiments were also run with ivermectin mixed into
control steer feces and with feces from steers dosed
with ivermectin, both in the absence of soil.
Leachates from the columns were assayed for extract-
ability of radioactivity; as tr1t1uh—1abe1ed‘1vermect1n
and its metabolites, into dichlormethane and for

toxicity of eluates towards Daphnia magna.

Four types of columns were used. Two cm diameter glass
tubes, with coarse-fritted disks and glass fiber
filters at the bottom were closed off with rubber
tubing anq pinch clamps. Towa si1t loam soil was added

to the column, the pinch clamp was opened, and the soil

}
oty
Q;."\E
=l




ENVIRONMENTAL IMPACT ANALYSIS REPORT (Continued)
- IVOMEC® (ivermectin) 0.08% Oral Solution for Sheep

Page 75

2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(e) Soil Column Leaching (Cont'd)
was allowed to pack while the water drained. Initial-
1y, 22 cm long c61umns were prepared. However, the
flow rates from these columns were so s]oﬁ that shorter
co]umns; f1Ve-cm long._were prepared té obtain enough

volume of leachate to assay.

Three 5. cm by 2 c¢cm diameter columns were prepared. A
control feces column was prepared by mixing 1.5 g of
control steer feées into 1.5 g of soil. This mixture
was added to the top of a soil column. A second column
was prepared by mixing 1 ug of tr1t1um—1abe1eq jver-
mectin into 1.5 g of feces from dosed steers (composite
feces) mixed into 1.5 g soil, and placed on top of a 5
cm soil column. The ivermectin and metabolite level in

this sample was about 300 ppb.

-
7
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(e) Soil Column Leaching{(Coht'd)
The effluent from‘thejcontrol column served as a
control in the Daphnia assays. Only 0.3% of the radio-
activity applied to the second column (asllabe1ed jver-
mectin) was eluted. Over 20 void volumes of water
percolated through the composite feces column, eluting
30% of the initial charge of applied radioactivity.
Only 17% of the e]uate's radioactivity was éxtractable
from a 1:1 mixture of eluate and acetone by dichloro-
metﬁane. High performaﬁde‘11qu1d,chromatography (HPLC)
analysis of this dichlormethane extract showed no
detectable ivermectin. The original eluate, diluted
1:1 with spring water, was not toxic to Daphnia magna
at 0.48 ppb (or 24 times the Lcso concentration), in

a preliminary uncontrolled assay.

i
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(e) Soil Column Leaching (Cont'd)

The 5 cm long columns were segmented. In the iver-
mectfn column 85% of the recovered radioactivity.Was
still in the soil layer on top of the column. On the
other hand, the original feces/soil mixture on top of
the composite feces column contained only 41% of the
reéovered radioactivity. This column showed greater

' amounts”of radioactivity along the column than did the

fvermectin column.

Even shortgr co]umns. 2 cm high by 9 c¢m diameter, were

prepared to increase the amounts of effluents. Again,

feces from steers dosed with tritium-labeled iver-
mectin, when mixed 1:1 with soil for a drug and metab-
olite level of about 300 pbb, was applied to the top of
a 2 cm deep column. A control column of control steer
feces plus soil was also prepared. A third column,
consisting of 39 ug of tritium-labeled ivermectin was

prepared at an ivermectin level of 455 ppb. A soil

o
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(e) Soil Column Leaching (Cont'd)
blank, without drug or feces, was also prepared. About
15 to 20 void volumes of water percolated through these
columns. About 9% of the radicactivity eluted from the
composite feces column, while only 0.5% of the radio-
activity eluted from the ivermectin column. The
effluent from the co]umn charged with the feces from
steers dosed with ivermectin was again non-toxic to
Daphnia Qgggg at 3.2 ppb. This is about 160 times the
48-hour LC;o value for ivermectin of about 0.020
ppb. The effluent from the column charged with 455 ppb
of 1vermect1n d1d show toxdicity towards‘Dthniajmgggg,
with an apparent 48-hour LC50 of about 0.12 ppb.
This would indicate about 32 ng of ivermectin per liter
of effluent from this high level of ivermectin in soil.
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(e) Soil Column Leaching (Cont'd)

Another exper1mént involved the leaching of ivermectin
and its metabolites from steer feces. No SoiIﬁwas used
to reduce the amount of ivermectin or its metabolites
in the leachate. Samp]es of 45 g of control feﬁes, 45
g_of_contro] feces into which 30 ug of ivermectin had
been mixed, and 45 g of feces from §teer feces dosed
with ivermectin (composite feces) were placed into 6 cm
diameter sintered glass funnels of medium porosity.

The level of ivermectin and metabolites in the com-
po§1te feces sample was abdut.630 ppb. About 160 ml of -
water was slowly percblated through each sample,
eluting only 0.2% of the radioactivity from the
tritium-labeled ivermectin/feces sample, and about 11%

of the radioactivity from the composite feces sample.
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2. Discuss the Probable Impact of the Action on the Environment

(1nc1ud1ng grimary and secondary consequences)

(e)

Soil Column Leaching (Cont'd)

The eluates from the three samples were assayed in a
preliminary, uncontrolled assay for toxicity towards
Daphnia mgggg. A1l eluates were'd11uted‘hith,an equal
volume of distilled water tb provide sufficient volume
for assay. The diluted eluate from the control feces
was not toxic to Daphnia magna, but the diluted eluate

from ivermectin plus feces sample was toxic to about

half the Daphnia at 0.35 ppb‘ The eluate from the

,composite.feces sample was toxic at 13 ppb. Further

dilution of this sample suggested an Lcso‘of about 7
ppb, which is about 350 times the 48-hour LC50 of
ivermectin. From this LCso of value, the amount of
ivermectin in the original eluate would have been about
0,07 ppb, or less than 0.3% of the total drug-

equivalent present.




C - 0O

~ ENVIRONMENTAL IMPACT ANALYSIS REPORT (Continued)
"IVOMEC® (ivermectin) 0.08% Oral Solution for Sheep

Page 81

2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary conseguences)

(e)

Soil Column Leaching (Cont'd)

Thus, some ivermectin can be leached out of feces when

" the original ivermectin level is at 600-1000 ppb. This

is much higher than the 18 or 19 ppb for ivermectin and
metabolites expectedlin sheep and steer feedlot feces.
Passing these eluates through a very short layer of
soil appears to lower the amounts of ivermectin in
solution, léaving soluble metabolites less toxic than

ivermectin to Daghnia«m&gna.

In another study, soil of four different types was
charged‘in triplicate to columns of 19 mm ID nylon film
tubing to a depth of 30 cm. A mixture consisting of
0.5 g of é feces composite,from three steers dosed with

ivermectin and 1.0 g of soil was placed on top of each
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(e) Soil Column Leaching (Cont'd)

of the 12 columns of soi1. The charge bf ivermectin
plus metabolites in the feces sample was 330 ng based
on the total radiocactivity in the sample.‘ Water was
added to the top and allowed to percolate through the

column.

The experiment continued for about 7 weeks. The total
amount of water pa551ng through the column depended on
the type of soil in the column and varied from 2-7

co]umn'volumesv(180-600 ml).

The leachate from each column was collected in frac-
tions and each was assayed for radioactivity content.
The radioactivity profiles of the leachate are shown in
the appended feport. The data in Table 5 below
summarized the recdvery of the radiocactivity charged to
the column and the analysis of the leachate for

unaltered ivermectin. It will be noted that the per-
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(e) Soil Column Leaching (Cont'd)
cent of radiocactivity recovered in the leachate plus
column (total recovered) was satisfactory (90-105%).
There was no detectable unaltered ivermectin in the
leachate suggesting that the dfug had undergone decom-
position in the soil/feces mixture and/or had absorbed

firmly to the soil in the column.
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2. Discuss the Probable Impact of the Action on_the Environment
(including primary and secondary consequences)

(e) Soil Column Leaching (Cont'd)

Table 5
Soil Column Leaching - Summary of Results

Percent of Charged Radioa::

- Leachate Leachate Total

Soil m] Total Per mil Column __ Recovered
Silt Loam , 295 - ‘27.0 .091 - 69.6 96.6
Clay Loam 595 48.1 081 57.3 105.4
Sandy Loam 591 42.17 .072 52.9 95.6
Loam ‘ 193 . 9.8 .051 81.5 91.3
Sandy Loam*** 632 46.8 .074 43.8 | 90.6

iyjty* Analysis of
jvermectin

in

Leachate

ND**
ND
ND
ND
ND -

* Total Radioactivity charged to columns:
6.60-6.62 x 104 dpm.

** ND - ivefmectin'not detected at the iimit of
13 ng per assay.

**%x Applied soil/feces mixture which had been
aerobically aged for 30 days.
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(e) Soil Column Leaching (Cont'd)

In these soil perc01at10n experiments the concentration
of ivermectin plus metabolites in the steér feces was
660 ppb. This value is substantially higher than the
value of 19 ppb calculated for the residue concen-
tration in the cattle feedlot waste. In the laboratory
the fecal sample was a composite of 2-5 day post—dose
collection, a period when most of the drug and metab-
olites are excreted. The 19 ppb arises from the calcu-
lation based on the more realistic dilution that occurs

during the 130 days in the feedlot.

Because of the extremely low concentrations of residues
in the feedlot wastes and the detection limits of the
aSSays. it was not feasible to dilute the feces con-
taining the 660 ppb of‘res1due. The detection limits
were about 1 ppb for the~rad10act1v1fy measurements and
about 10 ppb for the fluorescence assay of ivermectin.
However, evén at this excessively high column loading,
about 35-fold higher (660 ppb/19 ppb) than that ex-
pected in the feedlot, there was no detectable ivermec~

tin in the leachate.

168
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2. Discuss the Probable Impact of the Action on the Environmen

(1ncluding primary and secondary consequences)

(f)

Distribution of Ivermectin Between Water and Soils

The absorptioh of ivermectin from water by soil was
1hvest1gatéd‘using tritium—]abe]ed ivermectin at an
initial concentration of about 2 ug/ml Héol(ppm)

with varying amounts of soil. The final aqueous phase
jvermectin concentfation ranged from about 0.9 to 0.06
ug/mi HZO' depending on the amount and nature 6f

the soil. Soils from_Iowa and New Jersey were inves-
tigated. The Freundlich constants K.'an’empirica1
constant analogous to a distribution coefficient
(soil/water), were found to be approximately_azo and

540 for Iowa and New Jeksey‘soi1s, respectively.

The absorption and desorption of tritium-labeled iver-
mectin was inveétigatéd'in greater detail with the Iowa
soil. Triplicate samples containing'I.S g of soil of
clay loam texture, 7.5 m1 0.01 M Cac12‘solution and

10, 25, 50 or 100 u1 of ivermectin in methanol at
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary conseguences)

(f) Distribution of'Ivérmectin Between Water and Soils
(Cont'd)

0.463 mg/m1 were mixed for 16 hours in the dark, then

» centrifuged. The ivermectin in solution was determined
- by scinti]]ation counting of the aqueous.1ayer, while
the bound ivermectin was determined by combustion of a
portion of the soil. The soil samp1es‘wgre desorbed
twicé by replacing the‘rémdved aqueous layer with fresh
‘CACIZ solution. The ﬁolution concentrations of iver-
mectin ranged from 0.001 wg/ml to 0.17 ug/ml while
the ‘bound concentrations ranged from 3.1 ug/g to 40.4
wg/g. The ratio of bound ivermectin to free (Kq)
was slightly lgss during adsorption than desorption

- steps, but the average value for both adsorption and
desorption waS‘332.7. From‘this value (the distribu-
tion constant) the binding constant normalized to>the
organic carbon content, Koc' was calculated to be
12600, since K,. = 100 x Kd/%oc and %oc = % organic
matter/1.724 (19). For this Iowa soil, the % organic
matter was 4.56%.

~f
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consegquences)

(f) Distribution of Ivermectin Between Water and Soils
(Cont'd) ‘ ‘

- The adsorption and'desorption data was also fit to the

Freundlich equation:

K 1/n
X =
@ C

where x/mris the ugkbound/g soil, ¢ is the solution
concentration and K and n are cbnstants; If nél. then
the Freundlich K equalé the distribution coefficient,
Kd' Using all the adsorption and desorption data,

overall values of K = 207 and 1/n = 0.8652 were ob-

tained.

The value of Koc can also be used to estimate the
'Rf va]ué for ivermectin on soil, thin layer chromato-

graphy plates as f611ows:

- — e 273
1+ (K ) (% 0c/100)(d ) (176272 - 1)

o,

e
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(f)

Distribution of Ivermect1n Between Water and Soils
(Cont d)

where 0 is the soil pbre fraction, ds is the den-
sity of the soil solids, and ¥ oc is the % organic
matter/1.724.(19). Using @ = 0.5, d = 2.5 g/cc, %

= 1.40, values appropriate for a Hagerstown silty
clay Toom (19), and K, = 12600 for ivermectin, R
is calculated to be‘0.0038;1 This value classified
ivermectin as *immobile" (19) and is consistent with
unpub]ished soil TLC ﬁtudies with the related compound,
avebmectin,81a. In thosé studies avermectin

disp]ayed’no mobility on TLC plates of six soil types.

At the level of interest, 0.10 ppb in the ﬁiowed field,
ca]cu]aiions based on the distribution coefficient,

Kd show that the total concentration of drug‘and
metabolites in the water equilibrium with the top 6»
inches of sqi] would be about 0.3 parts pef trillion.
That is, Kﬁ = s0il ivermectin concentration + solu-
tion ivermectin concentration = 332.7 for Iowa clay

loam soil, therefore:

a2
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(f) Distribution of Ivermectin Between Water and Soils

A LA A AR A ]

(Cont'd)
Solution concentration - soil concentration
Kd
= 0.10 ppb = 0.00030 ppb

332.17

0.30 parts per trillion.

- Thus, in plowed fields under eapected fertilizer appli-
cations, thé ground water in contact with the ferti-
111ed‘soil would have ivermectin concentrations 33-fold
Tower than the 48-hour no-mortality ]eQe] for Daphnia
magna which is about 10 parts per tr11110h.‘

Thé results from these soil-binding experiments are
consistent with those obtained in the column leaching
studies. In the 1atter experiment, feces containing
ivermectin was placed on top of 30 cm columns of soil.
The columns were washed with water but the ivermectin
was bound-to the soil and no detectable amountrwas

found in the 1éachate.

~
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2. Discuss the Probable Impact of the Action on the Environment
(inc]uding p 1mary,and secondary consequences) :

(f)

(9)

Distribution. of Ivermectin Between Water and Soils

e e e e e e e e e i

lrnnf'd\

. The binding of ivermectin to soil and the practical

implications of this bindihg was further qemonstrated
in toxicity studies using Daphnia magna as the test
organism. The toxicity of ivermectin to the Daphnia

was reduced by more than 99% by mixing the test solu-

‘tion with 2.5 g of 5011/100 ml.

Biological Activity and Toxicity of Ivermectin Metabo-
1 : ermectin letabo

ites

A variety of biological assays of several compounds
related to ivermectin showed that all these products
are less than active than the parent drug. Similarly,
toxicity of the monosaccharidé and the agliycone of
ivermectin toward Daphnia magna is less than that of
the parent compound by a factor of 20-40 fold (monosac-
charide) and at least 200-400 fold (aglycone). Analy-
sis of thgvfeces from a sheep dosed with tritium-

Jabled jvermectin shows that only 60% of the total
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

"~ (g) Biological Activity and Toxicity of Ivermectin Metabo-
lites (Cont'd) ' |

fecal residue is intact drug. Thus, 40% of the fecal
residue will prbbab]y be many fold less toxic to aqua-
tic organisms than is ivermectin. This wés the con-
clusion from the bioassay of percolated steer and sheep

metabolites.

A substantial reduction in toxicity was observed in
experiments carried out at thg Merck Sharp & Dohme
Research Laboratories with feces from ivermectin-dosed
steers mixed into soil at ivermectin residue levels of
33 ppb, over 360 times the level expected in the
field. Aqueous leachate from this experiment showed no
toxicity towards Daghnié magna at a solutionvconcentra—
tion of 260 parts per trillion drug-equivalent, about .
13 times the LC50 of the parent drug.
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(9)

(h)

Biological Activity and Toxicity of Ivermectin Metabo-
lites (Cont'd) '

—

Feces from dosed steers were also mixed with soil in

1:1 ratio. This provided a drug residué jevel of over

300 ppb, threeéthousand times the level expected in a

field plowed with dosed-steer féces. Leachate from
this mixture, after passing through a 2 c¢m deep soil
column, was also not toxic to Daphnia magna at a

concentration of drug-equivalent of 3160 parts per

“trillion, almost 160 times the LC.y Tevel of the

parent drug.

Soil Toxicity-Microbial Effects

A laboratory screening teSt was conducted to determine
the potential for ivermectin residues present in wastes
from treated cattle to affect two soil processes: the

microbial conversion of soil ammonia to nitrate (nitri-

fication) and the overall conversion of carbonaceous

soil organics to carbon dioxide (soil microbial respir-
ation). Other soil microbial community processes and
activities were not examined, nor were any tests |

conducted with sheep feces.

J—y
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2. Discuss the Probable Impact of the Action on the Environment

{including primary and secondary conseguences)

(h)

Soil Toxicity-Microbial Effects (Cont'd)

In pasture and forest soils to which appfoximate]y 5%
feces from a steer treated with ivermectin was added,

no biologically significant effects on nitrification or

overall soil community respiration were observed during

the one-month test period when those results were com-
pared to control soils amgnded with steer feces that

did not contain ivermectin residues; The 5% amendment
rate was approximafe]y,ten times the rate normally used
when cattle manure is applied to agricultural soils as
a fertilizer. No other ahendment levels or 1vermétt1n

doses were screened in this test.

~
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2. Discuss the Probable Impact of the Action on the Environment

includin

rimary and secondary consequences
(h) Soil Toxicity-Microbial Effects (Cont'd)
(1) Nitrification

The effect of steer feces containing ivermectin
and its metabolites on‘the nitrification process
in two types of soil was determined by measuring
their effect on the reaction.

+ -
NHy N0 NO3

~An aqueous homogenate of steer feces was added to

either pasture or forest soil at a level of 50 mg

feces/g soil (or 30 ppb of 1vermectih plus metabo-
Jites). After the mixture aged for periods from 0

to 4 weeks, (NH,) S0, (at a level of 100 {
ppm N) was added and the system further aged for

1-2 weeks. The samples were extraéted and the
concentration of jons in solution measured by the

use of ion-specific electrodes. Sodium azide

(NaNs) at a concentration of 1000 ppm was used

as a.positive control.
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(h) Soil Toxicity-Microbial Effects (Cont'd)

Thevdata summariied in Table 6 showva very small,
variable effect of ivermectin on the nitrification
process in soil as indicated by the.measured ion
concentrations. Thé pos1t1veAcontr01 NaNa, at 2
and 4 weeks consistently showed reduced concéntra—
tions of NO, and increased concentrations of

NHZ”énd NOE compared with the controls. .

" Even though there 15 essentially no effect of
ivermectin and its metabolites on the nitrifica-
tion process 1n soil at the level of 30 ppb, the
actual concentrations in soil (assuming a mixture
down to 6 inches), is about O.l ppb or a factor of

300-fold lower.




- T O

'ENVIRONMENTAL IMPACT ANALYSIS“REPORT'(CdntinUed)
~IVOMEC® (ivermectin) 0.08% Oral Solution for Sheep

Page 97

2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(h) Soil Toxicity-Microbial Effects (Cont'd)

Table 6: Effect of Ivermectin and Metabolites in Feces
on Soil Nitrification Process

Assay Soil Mean - ppm N in §011
Weeks Type Treatment NO3 NHE NO3
0 Pasture Control Feces 42 35 10

Feces -+ drug 51 46 9
- NaN3 1000 ppm 41 94 9
0 Forest - Control 14 85 0.5
: Feces + drug - 14 101 0.5
NaN3 14 119 13
2 Pasture Control 85 9 2
Feces + drug 120 5 1
~ NaNj3 30 100 12
2 Forest Control 38 73 2
Feces + drug 43 - 92 2
NaN3 25 141 26
4 Pasture Cdntrol ‘ 127 10 B
Feces + drug 1585 1 6
NaNj 51 115 N
4 | Forest Control 43 69 1
' Feces + drug 33 I 1

NaN3 18 145 19
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary conseguences)

(h) Soil Toxicity-Microbial Effects (Cont'd)

(2) Respiration

The effect of steer feces containing ivermectin
and 1ts'metabolites on the respiration process in
two types of soils was determined by periodically
measuring_the CO2 content in the head gas of the

bottles containing the feces-soil mixture.

The steer feces had no effect on respiration com-
pared to the controls in pasture soil and caused

only a very small increase in respiration in for-
est soil. Sodium ézide clearly depressed respira-

tion in both soils. The data are summarized in

Table 7.

H
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(h) Soil Toxicity-Microbial Effects (Cont'd)

Table 7: Effect of Ivermectin and Hetabo11tes in Feces on

the Soil Respiration Process

~Assay  Sofil Mean Accumulation of % €0,

Days Type Control Feces Sodium Azide

1 Pasture 1.9 1.8 1.1

Forest 3.5 3.1 1.6

2 Pasture 3.0 2.1 1.4

Forest 5.3 4.7 2.1

6 Pasture 6.9 6.1 1.9

Forest 10.4 9.9 3.0

10 Pasture - 10.8 10.1 2.2

Forest 15.7 15.7 3.5

20  Pasture 19.4 17.6 2.9

Forest 27.8 30.2 " 4.6

30 pPasture 24.3 21.5 3.2

Forest 34.2 37.8 5.1

“
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2. Discuss the Probable Impact of the Action'on the Environment
(including primary and secondary consequences)

(h) Soil Toxicity-Microbial Effects (Cont'd)
| As with the nitrification experiment, the test

level of 30 ppb is a factor of 300-fold higher
than that which would be expected in a field fer-
tilized with manure from a feedlot (at 9 tons/
acre) and plowed to a depth of 6 inches (a calcu-

lated concentration of about 0.16 ppb).

(1) Phytotoxicity of Ivermectin
Ch1orel1a pyrenoidosa, a fresh water unicellular, non-

motile ch]orophyte, was used in an algal assay bottle
test to determinekthe*toxicity of 1vermeétih toward
algae. The experiment was carried out.by preparing a
stock solution of ivermectin in N,N-dimethylformamide
(DHF) at a concentration of 20 mg/m1. The test concen-
trations were prepared by mixing the required volume of
stock solution with synthetic algal nutrient medium to

yield the-appropriate final concentration.
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and_secondary consequences)

(1) Phytotoxicity of Ivermectin (Cont'd)

A medium control, a solvent control (0.5 ml OMF/1) and

ivermectin test concentrations of 1.0, 1.8, 3.2, 5.6,

and 10.0 mg/1 (pbm) were prepared.

The tests were carried out in Erlenmeyer flasks, con-

tinuously agitated under fluorescent 1ighting and main-

tained at 24°C. Cell counts were‘made.on 0, 2, 3, 4,

7, 9, 11, and 14 test days. The foilowing results were
- obtained:

(1) Effect on overall cell growth: None
(2) Effect on umax (mean specific growth rate): None

(3) Effect on Maximum Standing Crops (HSC); cell/ml:
Significantly reduced when compared to controls.

(4) Effect on algal biomass: Significantly reduced in
the IO.OYmgll concentration.

(5) Effect on lag period: None

"~ 184
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2. Discuss the Probable Impact of the Action on the Environmen

(inc)ud1ngggr1mary4and secondary consequences)

(1) Phytotoxicity,of‘Ivermectin (Cont'd)

It is obvious from these results that ivermectin, at
these relatively high concentrations, has moderate

effeét on the‘growth characteristics of this alga.

Only a very limited amount of studies have been con-
ducted on the application of ivermectin to plant foli-
age or roots. However, a considerable volume of data
has been generated on three ivermectin analogs, aver-
mectin B,, avermectin BZa' andavermectin'BZa
23-ketone, of interest in plant agriculture which de-
monstrates the complete lack of phytotoxic effects at
application rates as high as 9.0 1b active ingredient

per acre. A summary of the studies follows:

To date the three avermectin compounds of interest to
row crop agriculture, avermectin 81, Bz, and 32

23-ketone, have been evaluated in efficacy screens on
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(1)

Phytotoxicity of Ivermectin (Cont'd)

plants in more than 50 greenhouse trials and more than
30 field trials on a total of 17 crops. There has been
one as yet unexplained incident of phytotoxicity with
avermectin in a cooperator tria] on tomatoes at Braden-
ton, Florida. 1In the.remaining approximately 80 green-
house and field studies, no phytotoxicity nor other ad-
verse effects on plant growth have been‘observed due to

avermectin treatment.

Alfaifa: Foliar applications of'avermectin B1 to
alfalfa at rates as high as 0.1 1b ai/acre in four
field trials in 1980 resulted in no observable phyto-

toxicity.

Apples: Eighteen field studies have been conducted
with avermectinlB1 on apples dUring the years 1979
and 1980.. The highest rate was 0.02 1b ai/100 gallons
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary conseguences) .

(1) Phytotoxicity of Ivermectin (Cont'd)

_ (approximately 0.16 1b B]/acre) applied to foliage in
dilute spray. No phytotoxicity was recorded. A single
case of phytotoxicity was observed when avermectin B1
was combined with oil and followed threevdays later
with an application of fungicide (Captan). The injury
w95'sim11ar to that caused by the interaétion of o0il
and Captanﬁon apple foliage, and the investigator at-
tributed the phytotoxicity to the oil/Captan coﬁbina-

tion and not to avermectin B].

Cabbage: Two trials were conducted with avermectin 8,

as foliar épplication on cabbage in 1980. The r*jhest
use rate was 0.05 1b'éi/acre.' No phytotoxicity was
observed. In soil 1ncorporation tests conducted in 1979,
avermectin Bi and BZa at rates of 2.5 1b activesacre

did not adversely affect cabbage growth.

(98]
.y
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(1) Phytotoxicity of Ivermectin (Cont'd)
Collards: A single trial was conducted at 0.05 1b B,/

acre. No phytotoxicity was observed.

Corn: A single greenhouse and one field trial have
been conducted on corn. in the greenhouse study no
phytotoxicity was obser?ed with ‘avermectin B1 or
avermectin 32 Qhén soil 1ncorporated at 1.5 1b ai/
acre. In the field trial, no phytbtoxicity was ob-
served with multiple applications of 0.05 1b ai/acre of

avermectin 81 to. corn foliage.

Cotton: Seven field trials have been conducted on
cotton. Multiple applications of 0.05 1b ai/acre and a
single application of 0.1 1b ai/acre resulted in no

observable phytotoxicity with avermectin B,.
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2. Discuss the Probable Impact of the Action on the Environment
(jncluding primary and secondary conseguencesz

(1) hytotoxicity of Ivermect1 (Cont'd)

Cucumbers: Several greenhouse trials have been con-
ducted with avermectin B, and avermectin B,. Sin-

gle applications of these materials to soil at rates as
high as 9.0 1b ai/acre resulted in no observable phyto-
toxicity.

Grapefruit: Field trials have been conducted with
avermectih‘81 in 1979 and 1980 at rates as high as 6
ppm (0.04 1b B1/acre) in dilute sprays. No phytotox-

icity has been observed.

Lima Beans: Approximately 25 greenhouse trials have
been conducted with avermectins on lima beans. This
has been the major greenhouse screening»p]ant for fol-
iar miticidal activity. No phytotoxicity has béen
observed at any rate on foliage or in the soil with'any
avermectin or avermectin formulation on this plant

species.
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(1) Phytotoxicity of Ivermectin (Cont'd)
Oranges: Field trials have been conducted with aver-

mectin B.| at rates as high as 25 ppm (approximately
0.16 1b B1lacre) applied to foliage and fruit. No

phytotoxicity has been observed.

Peaches: One field trial was establiished on peaches in
1980. A sing]ebapp1iéation of 16 ppm (approximately
0.10 1b‘B]/acre) of avermectin B, in dilute spray
results in no phytotoxicity symptoms .

Pears: Three fie]d‘tria]s were conducted on pears

during 1980. Rates of avermectin B1 as high as’16
ppm (ca. 0.10 1b By/acre) in dilute spray were non-

phytotoxic to fruit or foliage.

Peanuts: A single field trial was conducted on peanuts
~ during 1979 with avermectin B,5- No phytotoxicity or
adverse plant growth was observed at rates as high as

1.35 1b BZa/acre incorporated into soil.
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(1) Phytotoxicity of Ivgrmectin,(tont'd)
Pofatoes: Five field trials were conducted on potatoes
during‘1980. Multiple foliar applications of averﬁec-
tin B] at rates as high as 0.05 1b ai/acre did not
cause phytotoxicity.

Sweet Corn: Three field trials were conducted on field
corn during 1980. Multiple spray applications of aver-
mectin B, at rates as high as 0.05 1b ai/acre did not

cause phytotoxicity.

Tobacco: During 1979 and 1980 five field triaTs,were

conducted with avermectin B], 82 or B2 23-ketone

1ncorporated<1ntp.soil at 0.45 1b actives/acre. No sign
of phytotoxicity was observed under a variety of soil

conditions.
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2. Discuss the Pbong]e Impact of the Action on the Environment

(including primary and secondary consequences)
(1) Phytotoxicitgfof Ivermectin (Cont'd)

Tomatoes: Several greenhouse trials have been con-

ducted with avermectin B1 and/or avermectin Bz.
Rates as high as 9.0 1b a1/acre of these materials
incorporated into the soil did not result in phytotoxi-

city.

Three field trials were conducted with the avermectins
on tomatoes at the same location in Bradenton, Flori-
da.. In the first two trials no phytotoxicity was ob-
served when soil incorporated at rates as high‘as 3.0
1b ai/acre for avermectin B1 and avermectin B, and

at 1.0 1b ai/acre of avermectin B, 23-ketone. How-
ever, in the third trial conducted under similar condi-
tions by the same‘reseércher slight stunting was re-
ported with B1 when incorporated in soil at 0.3 1b

ai/acre.

O
[




ENVIRONMENTAL IMPACT ANALYSIS REPORT (Continued)
IVOMEC® (ivermectin) 0.08% Oral Solution for Sheep

‘Page 110

2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(1) Phytotoxicity of Ivermectin (Cont'd)
It is believed that 153 milligrams/acre, the rate pro-

(3)

jected from»applicafions of sheep manure, would have no

phytotoxic effect on naturally occurring field species

or cultivated plant species.

Toxicity to Aguatié’Organism

(1)

Bluegill Sunfish
B]uegi]] sunfish, Lepomis macrochirus Rafinesque,

a warm-water fish of wide geographic distribution
and important as a food-web ofganism, is recom-

mended as a bioassay organism. Range finding

tests were carried out with 4 11férs of water to

which had been added suitable aliquots of ivermec-
tin dissolved in N,N-dimethylformamide (DMF). A
sample of pure dilution water and also one con-
téining DMF (as in the highest test concentration)
were used as controls. Fqur test organisms were
adde&'to each solution and mortalities were re-

corded at 24, 48, 72 and 96 hours.

[
Ay
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(J) Toxicity to Aquatic Organism (Cont'd)

The definitive test was carried out in 15 liters

- of water contained in a 19.6 liter glass jar.

Ivermectin dissolved in DMF was added to the water:
to give concentrétions of 5.6, 10.0, 18.0, 32.0

and 56.0 ug/l. Pure dilution water and water

containing OMF at the,highest<concentratioﬁ used

in the test served as controls.

Ten b]uegi]]_sunfish, approximately 4 months old
and 35 mm in length, were 1ntroduced 1nto each
test and control jar maintained at 20-21°C and the
mortality and abnofmal behavior of the fish ob-

served at 24, 48, 72 and 96 hours.

The 96-hour LCSO (with 95X confidence l1imits)
for ivermectin was 5.3 (4.4 - 6.4) ug/l.
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(§) Toxicity to Aguatic Organism (Cont'd)
(2) Rainbow Trout

Rainbow trout, Salmo gairdneri, prefers water
temperatures be]ow 20°C, has a wide geographic
distribufion and occupies an important place 1n‘
the aquatic food web. For these reasons, the
rainbow trout is recommended as a bioassay test

organism.

The assay was carried out in the same manner as
that described for the bluegill sﬁnfish except
that the age of the trout.ﬁas approximately 3
months; the mean length about 45 mm. and the tem-
perature of the water 11.5-12°C. The 96-hour
Lc50 (with 95% confidence 1imits) for ivermectin
was 3.3‘(2,8-4.0) ug/1.

195
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2. Discuss the Probable Impact of the Action on the Environment
- (including primary and secondary consequences)

(3) Toxicity to Aquatic Organism (Cont'd)

(3) Daphnia magna Strauss
Daphnia magna Strauss, because of its wide geo-

graphic distribution and importance in the food-

web, is recommended as a bioassay test organism.

Two laboratory studies were conducted to determine
the toxicity of ivermectin towards Daphnia. 1In
the range—finding test for the first study, suit-

" able aliquots of a solution of ivermectin in DMF
(1.0 mg/m]i were added to 500 ml of dilution
water. ‘Thegdi]uted solution was thoroughly mixed
and divided equally in two replicate bo]ypropy]ene
beakers. Fourteen concentratiqns were tested,
plus a watér control and a water/solvent control,
containing the same DMF concentrations as in high-
est range-finding concentrations. Five newly

released instar daphnids, less than 20 hours old,

196
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(J) Toxicity to Aquatic Organism (Cont'd)

were carefully added to each beaker of test solu-

tion and controls. Mortalities were‘recorded at

24 and 48 hours.

The definitive tést was cdnducted.\based on the
range-finding tests, in 250 ml glas§ beakers with
five éoncentrations of ivermectin, 5 water con-
trol, and a solvent/water control with four repli-
cates of each. Five organisms‘were placed in each
of the 20 test solutions, four water controls, and
four solvent/water controls. The temperature was
maintained at 21°C. Mortalities at 24- and

48-hour exposure were recorded.

The 48-hourvLc50 (with 95% confidence limits)
was ‘0.0158 (0.0127-0.0196) w/1 (ppb).

o
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(J) Toxicity to Aquatic Organism (Cont'd)

For the second laboratory study, a definitive
static test of the acute toxicity of ivermectin to
the neonate Daphnia magna was pefformed. Fifteen
Daphnia were placed into each 2-liter battery jars
‘containing 0;013,‘0.022. 0.036, 0.060, and 0.10
u/1 (ppb) of 1vermect1n‘at 22°C. MWater quality
criteria were regularly monitored over the 48-hour

test.

The 48-hour LCSO (with 95% confidence interval)
was 0.036 (0.030-0.043) w/1 (ppb), while the
no-discernible-effect concentration through 48

houfs was 0.013 ﬁ/].

To more nearly reproduce circumstances which will
exist under actual field conditions, feces from

steers administered ivermectin containing a to-
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(3) Toxicity to Aquatic Organism (Cont'd)

tal drug-equivalent level of 620 ppb (33-fold
higher than tﬁe calculated feedlot concentration
of 19 ppb) were mixed 1:1 with Iowé'silt loam
soil. The mixture was placed on toh of either §
cmor 2 cm co1umﬁs of the same soil, and water was
percolated thfough the columns. The eluate from

the 5 cm column was diluted 1:1 with spring water..

These percolated water solutions were assayed by
total radicactivity at 0.48 and 3.16 ppb in total
drug-equivalent, respectively. In a preliminary,
uncontfo]]ed'study, these solutions produced no

48-hour mortalities towards Daphnia magna.

Elution of composite feces alone, with no soil
present, provided a solution with a total
drug- equivalent of 26.0 ppb. This solution,
dilu;ed 1:1 with distilled water, was toxic to

Daphnia magna. Further dilution with distilled
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(3) Toxicity to Aquatic Organism (Cont'd)

water indicated a 48-hour LCSO near 7 ppb of
total drug-equivalent, whiéh is about 350 times

the 48-hour LCcq of ivermectin.

Pure ivermectin,'when mixed into Iowa silt loam
soil at the very high 1eve1‘of 455 ppb, placed on
‘top of ‘a column of the ﬁame sdil only 2 cm deep,
produced eluate of only 0.18 ppb in total

drug- equivalent. Dilution of this solution with
an:equal volume bf distilled water produced a
solution which'was non toxic to Daphnia magna in a

48-hour bioassay.

Augmented with the soil sorption and column leach-
ing studies discussed above, it can be concluded
that 1vermect1n binds strongly to soils. Prelimi-
nary. uncontrolled studies found that eluates (some
diluied 1:1) from soil columns containing ivermec-
tin and its bovine metabolites did not elicit a

lethal effect in 48 hours on Daphnia.
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(k)

Toxicity to Nematodes, Arachnids and Insects
Data in our files, as well as_pub]ished‘data(zo),

indicate that ivermectin and'some analogs are effective
against a number of insect pests, phytophagous mites,

and soil nematodes.

Several compounds were tested for activity against the
Mexican bean beetle (Epilachna varivestis), the_South—
ern armyworm (Spodoptera eridania), the black bean

aphid (Apohis ﬁgggg); the two-spotted spider mite (Te-

grghychgg urticae), the corn rootworm (Diabrotica unde-

cipunctata) and the rootknot nematode (Meloidogyne
incognita). Average percent of kill or‘feeding inhibi-
tion, or an effectiVenessbrating from 0 (no kill or
feeding‘inhibition) to 10 (compiete ki1l or total in-

hibition of feeding), were noted for each compound.

Aphid contact and systemic poison tests were made on

the black—bean aphid while feeding on nasturtium plants

B3
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(k) Toxicity to Nematodes, Arachnids and Insects (Cont'd)

grown in 2 1/2 inch pots. Tests were made on aphids
that migrated to the test plant within the prior 24
hours. The foliage and aphids were exposed to a spray
‘of the test chemica1 at‘250 ppm while the plant was
rotating on a turntabfe. Immediately thereafter, 21 ml
of a 250 ppm stock suspension was,poured4onto the sur-

face of the soil (25 1b/acre rate)..

The plants were heid‘under fluorescent light over a
paper collar so dead aphids could be collected. The
systemic effects were also tested separately without an

accompanying foliar application.

Mite contact and systemic tests were performed on bean
plants growing in 2 1/2 inch pots and infected with the
twoéspotted spider mite 24 hour§ prev1ous1y. Plants
were dipped in a suspension of the‘iest material at 250

ppm. Immediately afterward, 21 ml of a 250 ppm suspen-

202
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2. Discuss the Probable Impact of the Action on the Environment
(dincluding primary and secondary consegquences)

(k) Toxicitv to Nematodes, Arachnids and Insects (Cont'd)

sion was poured on the surface of the soil (rate equiv-
alent to 25 1b/acfe) to provide both a contact systemic
effect. From this test, observations are made on adult
ki1l (initial), immature mite kill (residual) and egg
development (failure tﬁ-hatch). The systemic effects
were also tested separately without an accompanying

foliar application.

' For the Mexican bean beetle, a combination of stomach
poison and feeding—deterrenf effects was measured on
larvae about Skto 7 dayS‘aftgr emerging from eggs.
Leaves of young bean plants were removed from the
p]ants by cutting the petioles and were dipped in a
suspension of the chemical at 250 ppm in the tests.
Petioles of the excised leaves were placed in a water
reservoir to maintain leaf turgidity, and 5 larvae were
placed upon them as soon as the chemical deposit was

dry. Observations were made on the mortality of the

\o
<
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2. Discuss the Probable Impact of the Action on the Environment
{including primary and secondary consequences)

(k) Toxicity to Nematodes, Agﬁchnigg_gnd Insects (Cont'd)
_beetles and the extent of inhibition of feeding two or
three days Iafer. For the Southern armyworm, materials
were tested as stomach poisons for 5- to 7-day-old
larvae of the armyworm. ‘The larvae were'transferred
from stock cultures t6 bean leaves that had been dipped
in suspension of the test material. The procedures
were essentially as outlined for Mexican bean beetle

larvae.

In the corn rdothrm test, the formulation was mixed
with the soil, and corn seedlings and larvae were in-

troduced 3 days after the soil was treated:

To test nematicide activity, the rootknot nematode has
been chosen as a preferred test subject among some 200
plant parasitic nematodes. This nematode is distri;

buted worldwide on a wide assortment of crops. Al-
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2. Discuss the Probable Impact of thevActiqn on the Environment
(including primary and secondary consequences)

(k) Toxicity to Nematodes, Arachnids and Insects (Cont'd)

though it resides in root tissues as a pahasite where

it incites formation of galls, it may also survive in

the soil for many months as a scavenger.

The test described below was designed to destroy free-
1iving forms and to a lesser extent disinfect gall

~tissue.

Air-dried soil and sand were blended in a ratio of 2:1,
and 7'grams of chopped galls and root tissues from an
infectedvstock of‘p]ants was added to each galion of
mixture. The inocu]um’wés blended with the mixture and
130 m1 was added to each styrofoam cup (10 oz. size).
In the test, 10 ml of a 5207ppm<suspension (equivalent
to 50 1b/acre) was added to each cup which was then |
covered with a 1id, shaken Vigorous]y 2 hours later to
assure uniform distribution, incubated 1 to 2 days and
again shaien. The covers were removed and the soil

leveled. 1In the cucumber standard test, four cucumber

205
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(k)

Toxicity to Nematodes, Arachnids and Insects (Cont'd)

seeds were sown in each cup and covered with 30 ml of
sand to a depth of about.1/4 inch. The sand was then
sprinkied with a nutrient solution (Miracle Gro at 1
tsp./gal.) containing.a damping-off preventive (Dexon
at the rate of 1 tsp. of 35% material/gal.) to permit
growth of vigorous, healthy roots. After a holding
period of 18-25 days, the roots were washed free of
soil-sand and rated according to the‘sevérity of infec-
tion on a scale of 0 (severe galls) to 10 (no infec-
tion). In the tomato translocation test, young plants
“were-transplanted into infested soil and sprayed.

After a period of 18-25 days, the’roqts were scored fof

galling on a scale of 1 tb 10.

The major isomer of ivermectin,’22,23—d1hydroavermect1n
Bla (HZBIa' L-638,709) was tested against the
Mexican bean beetle, Southern armyworm, aphids and

mites at application levels of 33, 8, 2 and 0.5 ppm.

206
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(k) Toxicity to Nematodes, Arachnids and Insects (Cont'd)
Even at the 0.5 ppm level, HZBTa produced 100%
>morta11t1es against the_bean beetle, and adult and
immature mites, and 90% mortality after 5 days to the
aphids. Against the armyworm, H281a afforded 90%
mortality at the 8 ppm level. In the systemic test
against aphids and mités. however, HéB1a hroduced
no mortalities at either 0.38 or 1.5 lb/aﬁre, and only -
15% mortalities against the corn rootworm at 3.1 and
12.5 1b/acre. These results indicated little or no

uptake of H,B,. by the plants.

In the standard rootknot nematode test HyB,, exhi-
bited galling ratings of 9 at or above 0.75 1b/acre,
and ratings of 7 to 8 at 0.19 1b/acre (86 g/acre).

As a comparison, avermectin Bla (Bla' L-676,895)
produced 100% mortalities at 0.5 to 33 ppm application
level against the bean beetle, adult and immature

mites, and aphids by Day 5. Against the armyworm,
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2. Discuss the Probable Impact of the Action on the Environment
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(k)

Toxicity to Nematodes,‘Arachnids and Insects (Cont'd)
B1a afforded 100% mortality at the 8 ppm level, but

only 40% mortality at 2 ppm. Subsequent tests indi-
cated B, was active against the bean beét]e at an
application level of 0.2, but began to lose its activi-

ty below that level. Also, subsequent trials showed

‘Bla to cause only about SO% mortalities at the 0.5

ppm level against aphids on Day 5. Also, the activity
against the spider mite fell off below 0.2 to 0.5 ppm.
B1a' Tike Hzala' was also ineffective in the
system1é~test against aphids and mites at 0.38 and 1.5
1b/acre and against the corn rootworm at 3.1 and 12.5
1b/acre, again indicating 1ittle or no uptake of the

compound by the plants.

In the standard robtknot nematode test with cucumber
seedlings, B]a hadcsimilar activity to that of
HZBIa' demonstrat1ng galling ratings of mostly 9 to
10 at levels down to about 0.75 1bs/acre and galling

ratings of 8 to 9 at 0.19 1b/acre. In the tomato tran-

i
(%
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2. Discuss the Probable Impact of the Action on the Environment

(1nc1ud1ng primary and secondary conseguences)
(k) Toxicity to Nematodes, Arachnids and Insects (Cont‘'d)

slocation test, the galling ratings were 10 (no infec-

tion) at 0.75, 1.5 and 3.1 1b/acre.

Another compound,‘related to Hyby, via the loss of

one oleandrose unit, H,B, -monosaccharide

(H,B, 4-Ms, L-638,724) was also active against the

bean beetle, the aphid and mites in the.application
range of 0.2 to 33 ppm. This compound displayed better
activity than uzala towards‘the Southern armyworm,
disp]aying 100% mortality at 0.2 pph. The "231a'“5
also displayed greater than 90% mortalities against
adult twb-spotted spider mites down to 0.05 ppm, al-
though jt was not effective against immature mites at

this level. The-Hzﬂia-HS, T1ike H and

12812
B]a' was not effective against aphids or mites when
applied systemically at 0.38 or 1.5 1b/acre, or against

corn rootworm in the soil even at 3.1 or 12.5 1b/acre.

209
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)
(k) Toxicity to Nematodes, Arachnids and Insects (Cont'd)

In the standard rootknot nematode test with cucumber -

seedlings, HZB]a—HS,displayed galling ratings of 9
at 3.1 and 0.75 1b/acre.

A fourth compound, related to H281a by the loss of

two oleandrose units H281a—aglycone (HZB -AG,

1a

'L638.723) was tested at an application rate of 0.5 ppm

against the Mexican bean beetle, where it displayed a
mortality rating of zero. Against the Southern army-
worm, applications of 0.5 and 0.25 ppm showed conflict-
ing results in two tests, having no mortality at 0.5
ppm, but a mortality.rating of 9 at 0.25 ppm. At 0.1
ppm, there was no éctivity against aphids or mites, a
level where HZBIa'MS andB.la were active.

Against the corn rootworm, a level of 0.19 1b/acre in
the soil was inactive. In two trials 6f the standard
rootknot nematode test with cucumber seedlings at 0.19
1b/acre, azBla—AG displayed galling ratings of only

3 to 5.5.
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)
(k) Toxicity to Nematodes, Arachnids and Insects (Cont'd)

Thus, toward a variety of insect pests and nematodes,
the activities of LPL P B,a and H,B; . -MS

were quite similar. Less data was accumhlated on

H,B, ,-AG, but it appeared less active than the

other compounds against the Mexican bean beetle, the |
Southern armyworm, aphids and mites. Both BIa and
HZB]a—MS were more active than stlé against-

the Southern armyworm. None of the compounds was ac-
tive against the corn rdotworm, the black bean aphid or
the two-spotted spider mite when applied to or mixed
into the soil, indicating that the éompounds were not
readily taken up by the plants. All the compounds
displayed activity in the soil against the rootknow
nematode at levels of 0.75 1b/acre and lesser activity
at 0.19 lb/acre; These levels are over 2000- and 550-
fold, respectively, the application levels expected in
fields feftilized‘with feces from dosed sheep (153

mg/acre - see Section D-2(a), Environmental Burden).

sty
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(1) Toxicity to Annelids

Studies were conducted to determine the LC50 for

ivermectin to the earthworm, Eisenia foetida in artifi-

cial soil under controiled laboratory coﬁditions.

In an initial study, 1vermectin was used‘at 0.1, 1.0,
10.0, 100.0, and 1000.0 mg/kg soil in range-finding
tests for toxicity to the earthworm. The definitive

| test was conducted using four replicates at 12, 25, 50,
100, and 200 mg ivermectin/kg soil with four rep]icate
solvent controls. Copper sulfate was used as a refer-
ence toxicant. The test soil consisted of 100 g peat,
about 50 g bentonite clay, 5 g cow manure, about 10 g
CaC0; (to maintain a pH of 7.0) and quartz sand added

to reach a final weight of 1 kg per test replicate.

Ten worms were added to the surface of each test vessel
containing 1 kg of the dosed test soil. In one repli-

cate, the worms were weighed individually and in the




o ‘ . \‘WL:‘)‘//

| ,ENVIRONHENTAL IMPACT ANALYSIS REPORT (Continued) .
IVOMEC® (ivermectin) 0.08% Oral Solution for Sheep

Page 130

2. Discuss the Probable Impact 6f the Action on the Environment
(including primary and secondary consequences)

(1) Toxicity to Annelids (Cont'd)

other three replicates, all 10 worms were weighed as a
groub. The same replicate was checked for the before
and after test weight range. Test Vesseis~were covered
with watch glasses and maintained at 20°C in continuous
light. Mortality was assessed on days 7, 14, and 28.
Weights of lfve worms and moisture content were deter-

mined only when the test was terminated (day 28).

The,contentration of ivermectin lethallto 50% of the
earthworms (LCSO) was estimated for the 28-day expo-
sure period by the method of Litchfield and Wilcox-

son(21)

and found to be 315 mg/kg soil. However, the
~confidence 1imits could not be determined. No patho-
logical symptoms or behavioral changes in the worms

were noted during the definitive test. However, worms
in all of the ivermectin-treated soils did not gain as
much weight as the control wdrms,‘and‘the worms in the

highest dose (200 mg/kg) actually Tost weight over the
28-day test period. It is therefore concluded that all

(A
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(M)

(m)

Toxicity to Annelids (Cont'd)

'concentration of 0.099 ug/N 3H—Avermectin B

of the ivermectin doses tested appeared to suppress
rate of weight gain in the test organisms and that this

suppression was dose-related.

An-;]most two-million-fold difference exists between LCSO
level-for earthworms and the environmental burden expected
to exist in the soil as a result of fertilization with
manure from sheep treated with ivermectin at the intended

use lével.

Bioconcentration by Bluegill Sunfish

A dyhamic 42-day study Qas conducted to evaluate the

bioconcentration of;3H-Avermect1n B,. by bluegill

1a
sunfish (Lepomis macrochirus). A flow-through bropor-

tional diluter system was used to maintain a mean water
la for
a 28-day exposure period. Radioanalysis of whole fish,

fillet and visceral portidns throughout the exposure
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2. Discuss the Probable Impact of the Action on_the Environment
(including primary and secondary consequences)

(m)

Bioconcentration by,Bluegil] Sunfish (Cont'd)

period indicated a gradual uptake of 3H—Avermectin

B Dajily bioconcentration factors ranged from

la°
19-69, 6.6-33, and 24-110 for whole fish, fillet, and
viscera, respectively,' Uptake tissue concen-trations
of 3H-Avermectin B]a ranged from 1.9-6.8 ppb for |
whole fish, 0.66~3.3 ppb for fillet, and 2.4-11 ppb for
viscera. The fiéh ceased accumulating 3H--Avermectin
Bla at about day 10. The compound appeared to have
reached a Steady—state plateau as indicated by a linear

regression analysis of days 10, 14, 21, and 28 whole
fish residue data. |

To measure the elimination of 3H¥Avermectin Bla’
the test fish were placed in clean water for 14 days.
Radioanalysis tnroughout the deburation period indi-
cated 95, 91, and 95 percent cjearance rates from whole
fish, fi]]et, and viscera, respectively. The whole

fish concentration of 3H--Avermectin B dropped

]
1
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2. Discuss the Probable Impact of the Action on_the Environment

(including primary and secondary consequences)
(m) Bioconcentration by Bluegill Sunfish'(Cont'd)

from a day 28 uptake value of 6.8 ppb to 0.32 ppb by
day 14 of depuration period. F111et levels decreased
from 3.0 ppb on day 28 to 0.27 by the end of the study;
whereas, viscera concentrations dropped from 11 ppb on

day 28 to 0.53 ppb by day 14 depuration.

,A two-compartment kinetit model was used for ana]&sis
of the uptake—depuration whole fish data. The graphi-
cal method employed 1iﬁear regfession analysis and
yie\ded an uptake rate constant (K1) of 11 ppb in

_ fish/ppb 1n water/day. a depuration rate constanf
(Kz) of 0.21 day»'], and a calculated steady-state

-bioconcentration factor (BCF) of 52. This 1atter value
was 75% of the;acfﬁal day 28 whole fish bioconcentra-
tion factor of 69.

ey

O
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2. Discuss the Probable Impact of the Action 6n the Environment

(including primary and secondary consequences)
(n) Impact of Manufacturing

A secondary environmental effect would result from thé

discharge of by-products from the chemical manuféctur-

ing process for jvermectin.

The following summarizes the environmental effects of
manufacture of ivermectin at the Danville, Pennsylvania

Plant:

The manufacturing process genérates two liquid-waste
streams; one a combination of solvent-based waste
streams, the other a combination of aqueous waste

streams.

The solvent-based waste streams are generated in the
isolation step and in the recovery of solvents used for -

the isolation. They will contain discarded organic

~d
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)
(n) Impact of Manufacturing (Cont'd)

by-products and some residual avermectins in a solution

of organic solvents such as hexane, ethanol and toluene.

The solvent-based stream will be destroyed by incinera-
tion. The incineration process will be subject to and
in compliance with the following environmental regula--
tions administered by the Pennsylvania Department of

Natural Resources:

-Pennsylvania Rules and Regu]atidns for the Protec-
tion of Natural Resources, Title 25, Part I, Sub-
part C, Article I, Land Resources, Chapter 75,
Solid Waste Management and Article III, Air Re-

sources.
40 CFR Parts 264 and 265. Standards Applicable to

Owners and Operators of Hazérdous Waste Treatment,

Storage and Disposal Facilities.

218
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(n) Impact of Manufacturing (Cont'd)

The aqueous-based waste stream will consist of the
spent fermentation broth and wash waters and will con-
tain unconsumed fermentation nutrients, hnrecovered
by-broducts and trace; of avermectins and dissolved
solvents such as hexane, ethanol and toluene. The |
aqueous-based stream will be treated in a chemical
pretreatment unit"designed to destroy residual avermec-
tins; the treated stream will receive final biological
treatment in the existing two—stagefsecondary waste
treatment plant and will be discharged under the re-
quirements of and 1n‘complian§e with NPDES Permit No.
PA 0008419 which is administered by the Pennsylvania

Department of Natural Resources.

Air emissipns generated during the production process
will consist of volatile organic compounds such as
hexane, ethanol and toluene which will be controlled as
appropriate by condensers. The air emissions will be

subject to and in compliiance with the regulations for
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2. Discuss the Probable Impact of the Action on _the Environment

(1nc1ud1ng primary and and secondary consequences)

(n)

Impact of Manufacturing (Cont'd)

air emissions of the Pennsylvania Oepartment of Natural

Resources (Title 25, Part I, Subpart C, Artic]e III,

. Air Resources)

Dry solid wastes generated during the production opera-
tions (paper, trash, etc.) will be disposed of in an
incinerator which will be subject to and in compliance
with the regulations for air emissions of the Pennsyl-
vania Department of Natural Resources (Title 25, Part

I, Subpart C, Article III, Air Resources).

Air, liquid and solid waste emissions will comply with

the above-mentioned environmental control requirements.

The following summarizes the environmental effects of

manufacturing ivermectin at the Barceloneta, Puerto

Rico plant.
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uss the Probable Impact of the Action on the Environment
ing primary and secondary consequences)

Discuss
(includ
(n) Impact of Manufacturing (Cont‘'d)

The manufacturing process generates two liquid-waste
streams: one a combination of solvent-based waste
streams, the other a combination of aquebus waste

streams.

The’so]vént-based streams are generated in the chemical
processing steps. They will contain discarded organic
compounds in a solution of solvents such as ethanol,
formamide, toluene and water. The‘so]vent based stream
will be destroyed by incineration. The incineration
process will be subject to and in compliance with the

following environmental regulations:

Puerto Rico Environmental Quality Board Regula-
tions for the Disposal of Solid Waste and Regula-

tion for the Control of Atmospheric Pollution
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(n) Impact of Manufacturing (Cont'd)

u.s. Environmenta]yProtection Agency

Reguiation, 40 CFR Parts 264 and 265.

The aqueous-based waste stream will consist of wash
waters generated by equipment washings. Two holding
tanks afe'provided to contain these washings prior to
disposal. Both tanks are installed in a concrete

sump. The holding fanks are equipped with sodium hy-
droxide addition facilities and filters to remove solid

ivermectin.

The tanks will be tested daiTy for ivermectin. The
tested contents will normally be pumped out through a
filter to the chemical sewer which discharges to the
Barceloneta Regional‘Sewage Treatment‘P1ant (BRSTP).
If ivermectin is present in the tanks, the contents
will either be chemically pretreated with sodium hy-

droxide to destroy‘the ivermectin or be incinerated.
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Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(n) Impact of Manufacturing (Cont'd)

A1l water discharges from the operating area are di-
rected to the holding tanks to contain any potential

spills for treatment.

The holding tanks are installed in a concrete sump.

"~ Both tanks are equipped with overflow lines into the

sump. In the event of the sprink1er system activation, -
the tanks will overflow into the sump‘whichvhas an

additional holding capacity of 20,000 gal.

DischarggS»to,the BRSTP will be under the requirements
and in compliance withrNPDES Permit No. PR 0021237

which is administered by the U.S. Environmental Protec-

“tion Agency.

Air emissions generated during the production process
will consist of volatile organic compounds- such as
ethanol, formamide and toluene which will be controlled

as appropriate by condensers. Exhaust air in the pro-
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary conseguences)
(n) Impact of Manufacturing (Cont'd)

cess building and the formulation and-sterileiareas

will be filtered. Air emissions will be subject to and
in comp]iancé with the régulation for aif emis#ions of
the Puerto Rico Envirqnmental Quality Board Reéu]ations

for the Control of Air Emissions.

Ory solid waste, generated during the producti?n opera-
tion (paper, trash, etc.) will be disposed of %n an
incinerator which will be subject to and in coﬁpliance

with the regulations for air emissions and solfd waste

disposal of the Puerto Rico Environmental Qualﬁty Board.

The following procedures and precautions are eﬁp]oyed

|
to protect workers in the Danville, Pennsylvania Plant

i

and the Barceloneta, Puerto Rico plant from the&poten-

tial occupational health hazards when working w%th'

jvermectinm.
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2. Discuss the Probable Impact of the Action on the Environment
(d g primary and secondary consequences)

(n)  Impact of Manufacturing (Cont'd)

includin

1.

COntrolTeq‘Environment: Areas where exposure

potential exists‘are physically separated from
controlled areas so that spills and fugitive dust
are contained. Liquid drains are intercepted with
holding tanks, all exhaust is HPEA filtered and
the rooms are at negative pressure relative to
surroundingvareas. Strict procedures are used to -
keep employees from carrying dust beyond the work\

area.

Equipment: Inside the work area, equipment is
selected and designed to limit the amount of dust
released into the work room. Where containment
may not be complete, lbcal exhaust ventilation is

employed.

Personal Protective Equipment: As a redundant
control, in case of accidental release, employees

are required to wear full body coveralls including

225
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(n) Imgact of Manufacturing (Cont'd)

gloves, shoe coverings and a hood. Where some.
release in anticipated such as at a packing sta-
tion an airline mask is required. Where atmo—
spheric levels have been shown to be tonsistent]y
low, an approved negative pressure respirator is
permitted. Change rooms are provided near or
contiguous to the work area. Outer garments must
be removed and hands/facevwaShed before exiting
the area and showers are required at the end of

the shift.

4. Maintenance and Cleaning: The same procedures are

followed by maintenance and cleaning personnel.
In addition most too]s are dedicated to the work
area and clothing is laundered in a special area

located there also.
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(n) Impact of Manufacturing (Cont'd)

5. Surface Contamination: Objects which leave the
work érea and all equipment to be serviced must be
cleaned so that the contamination Tevel does not

exceed the established level.*

6. Air Sampling: Air sampling is done to be sure
that atmospheric concentrations do not exceed the

established level.*

*Note: Until itvcan be consistently demonstrated
over a}period of about one year that control
measures actually maintain levels below those
which have been set, females of child bearing
capacity are not pérmitted to work with iver-

mectin.
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2. Discuss the Probable Impact of the Action on the Environment
{including primary and secondary consequences)

(n) Impact of Manufacturing (Cont'd)

7. Medical Surveillance: As with many chemicals

handled at our plants, a medical surveillance
programs has been established and pafticipation

is required.

8. Training: A1l emp]oyees assigned to work with
ivermectin have been trained in the hazards,
precautionsrand emergency procedures associated

with the agent.-

9. Laboratories: In laboratories where analysis is
done, areas have been designated for ivermec-
tin. Upgraded handling procedures are required
as well as dispoSab]e 1ab coats and gloves. To
the maximum extent possible work is to be done

in a hood.

228
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary conseguences)
(n) . Impact of Manufacturing (Cont'd)

10. Formulations: Once the product is formu]ated

(0.08%) and the surface‘contaminaﬁion level is
acceptable, the work area is essential]y decon-
trolled from an employee heaTth standpoint.
.Gloves and safety glasses are required and spill
and splash prdcedufés are in_effect, but other
precautions ére the same as would be taken for any

drug.

1. Signs: The perimeter of the work area is posted

to control unauthorized traffic and to remind

employees of the protedures and equipment needed.

12,  Emergencies: Emergency procedures have been pre-
pared for spills, etc. and both local first aid
and hospital persoﬁne] have been trained on how'to

handTg emergencies.




c - e

~ ENVIRONMENTAL IMPACT ANALYSIS REPORT (Continued)
IVOMEC® (ivermectin) ‘0.08% Oral Solution for Sheep

Page 147

2.

Discuss the Probable Impact bf the Action on the Environment

(including primary and secondary‘conseguences)

(n) Impact of Manufacturing (Cont'd)
Ponders End, England Plant

The manufacturing process is guarded against contamination

of the environment with respect to.gaseous._liquid and solid

materials, in the fo]lowing way:

The solvents (toluene, ethanol and formamide) are handled in
atmospheric tanks vented via flame arresters to a safe loca-
tion. Hazards inherent in the use of hydrqgen are minimized
by maintenance of a Jow 1nventory and use in an open con-

struction ensuring feady disposal should a leak occur.

Where the avermectin intermediate (C-076) is handiéd. a
ventilated glove box is used which has its exhaust connected
tb a water scrubber. Water from the scrubber is drained to
the captive drain system. The ﬁroduct hand]ing area is
maintained under negative pressure by an extraction system
fitted with a gpecia] filter arrangement to prevent product

dust release to atmosphere.

230
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2. Discuss the Probable Impact of the Action on the Environment
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(n) Impact of Manufacturing (Cont'd)

In-process materials and solvents are handled in vessels

fitted with water-cooled condensers operating on reflux.

Aqueous effluents from the plant and from captive drains are
pumped to é holding tank where the pH is adjusted to greater
‘than 12 with caustic soda, the liquors heated to 85 and

recycled for 2 hours prior to analysis for residual ivermec-.

tin.

Liquors are discharged to the site effluent system at less

than 2 ppm of ivermectin.
This is determined by techniques sensitive down to 1 ppm.

Average total éfquent from the sitevis approximately 100
times greater than the discharge rate from this‘plant and
all effluent passes through equalizing basins before dis-
charge, thus égguring a high degree of dilution of the al-

ready low concentration of ivermectin.
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)
(n) Impact of Manufacturing (Cont'd)

Organic wash liquor residues are disposed of by incinera-

tion. Solid waste in the form of contaminated clothing and
equipment is sealed 1h polyethylene plastic bégs and simi-
larly treated under direct supervision. Catalyst material
recovered as a thiourea compiex is collected in a bag fil-
ter, solvent washed, and then sealed in a polyethylene con-
tainer for eventué] transfer to the original supplier for
metal recovery and refining, the first stage of which is

controlled incineration.

The major pieces of legislation controlling environmental
_ emissions in the United Kingdom are:

A)  Control of Pollution Act 1974: This mainly deals with
disposal of waste, pollution of water, pollution of the
atmosphere and noise. |

B) Health & Safety at Work Act 1974: This mainly deals
with maintaining a safe working environment but also
the prevention of emission into the atmosphere of nox-

ious or offensive substances.

)

232
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Discuss the Probable Impact of the Action on the Environment

(including grimary and secondary consequences)
(n) Impact of Manufacturing (Cont'd)

©)

D)

1)

Alkali etc., Works Regulation Act 1906 with orders of
1966 and 1971: This is a more specific Act designed to
regulate production of certain subStanceS but also to

control the emission of specifit fumes and gasses.

Clean Air Act & Public Hea]th Act could also apply but

are of more general application and more often than not
utilized by local authorities to prevent nuisance from -
boiler smoke, etc.

Disposal of Solid or Sludge Wastes

This is normaIIy entrusted to a lfcensed contractor who

will analyze such waste and devise suitable means of
disposal within the authority granted to him by the
local and national 1nspectorates in the area of dispo-
sal. Means of destruction could be: land f111, di-

sposal at sea, incineration with or without exhaust

~stack scrubbing. In the case of ivermectin all solid

waste,kincluding discarded protective clothing, clean-
ing cloths, etc., are collected in plastic sacks,

sealed and periodically incinerated at a municipal
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Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)

(n)

2)

Impact of Manufacturing (Cont'd)

incinerator under our direct supervision. The inciner-

'ator administration have been fully 1nformed of the

nature of the material handled and have made no special

requirements with‘respect to this waste.

Disposal of Liquid Eff1uent‘

5]1 our liquid effluent streams from the ivermectin
plant are neutralized where necessary with lime and |
discharged via settling tanks to the municipal sewer.
Settled sludges are disposed of as in 1. above. Dis-
charge to sewer is governed by consent agreements with
the sewage treatment autﬁority who regularly sample and
analyze our effluent. In the event of viofation of the
agreed.limifs, the authority is empowered ﬂo revoke
consent agreements or take other action agaﬁnst the
offenders. He.make no eff1uent discharge tb canals or
rivers. A1l liquid effluent streams from the ivermec-
tin plant .are collected separately}from.alléother site

waste streams. Aqueous waste including f1o§r washings

N
(nd
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2. Discuss the Prdbable Impact of the Action on the Environment

(including primary and secondary consequences)

(n) Impact of Hanufactdring (Cont'd)

3)

and roof rain water collections as we]I as process
streams, are filtered and then treated with sodium
hydroxide to pH 12 at 80 until samples show an accep-
table level of 1vérmeqt1n has been achieved. At this
point the effluent is discharged to the normal site
effluent treatment plant uhere it is diluted with the

much greater stream from the rest of the site.-

Non-aqueous liquid waste consisting mainly of organic
solvents is collected separately and periodically dis-
posed of via a licensed contractor who will incinerate

on duly approved premises.

Discharge to the Atmosphere

Local authorities are empowered to require the provi-
sion of estimates of emission of pollutants or other
substances into the air but the major legislation re-
quirementwis embodied within the Alkali Act. The pre-

mises are subject to periodic visits by the Alkali

™
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2. Discuss the Probable Impact of the Action on the Environment
(including primary and secondary consequences)

(n) Impact of Manufacturing (Cont'd)

Inspectorate with specific reference to the emission of
HCT, HNO,, SOZ, NO,, acetic acid, acetic anhy-

dride and chlorine énd its compounds.

No specific vapors aré~re1eased from this plant to
atmosphere which would come under the provision of the
Alkali Act. AT plant ventilation equipment discharges.
to atmosphere through hepa filter screens thch are
periodically replaced. The discarded screens are being
incinerated with_othér solid:uaste.

4) Noise

Under the Control of Pollution Act, the local authority
is empowered to inspect, and where satisfied that a
nuisance exists, take suéh action as may be appropriate

to requiré that noise abatement measures are taken.

Additional]y; under the Health & Safety at Work Act,

government inspectors may require compliance with a
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2.

Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consequences)
(n) Impact of Manufacturing (Cont'd)

published code of practice or, in the future, requla-

‘tipns which have not yet been published but which are

now in the consultative stage.

Haarlem, Holland Plant

The fol]owing‘procedures are employed to monitor and control
environmental_emissions and occupatibna] exposure to jver-
mectin.

1) weekly‘monitoring of dust Tevel in presolution room
where ivermectin powder is handled.

2)  Pending results of activated charcoal tréatment, all
waste water is temporarf]y being incinerated.

3) Blood tests of all employees working in ivermectin
production every three months and later on every six
months.

4) Swab tests every two weeks on equipment, floors and
production bottles in production area.

5) Swab test'évery month from hands of Packaging personnel.

NJ
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2. Discuss the Probable Impact of the Action on the Environment

{including primary and secondary consequences)

(n) Impact of Manufacturing (Cont'd)
MERCK SHARP & DOHME B.V. at Haarlem, the Netherlands oper-

ates regarding enviroﬁmental‘matters within the Environmen-

tal Pollution Act.

1) Liquids from the ivermectin manufacturing processes are
all collected and treAtedeith a charcoal purification
unit before entering the plant's general waste system;
which also includes dohestic sewage waste.

AThis goes via a neutra]i:ationufank (pH 6-8) and via
the mﬁnicipa] sewége system to the Municipal Sewage

Water Treatment Plant.

This plant operates under the control of the Hoogheem-
raadschap Rijnland. M.S.D. has a permit from the mu-
nicipa]ity for entering the sewage treatment plant with

their plant-effluent.

2) ' Air emissions from the process fall under the State

Rules and Regulations Act with regard to Environ-

O
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2. Discuss the Probable Impact of the Action on the Environment

(including primary and secondary consegquences)

(n)

3)

4)

Impact of Manufacturing (Cont'd)

mental Pollution. The regulations are administered by

the Haarlem Department of Environmental Contro1.

Charcoal from the filter system within the charcoal
treatment system is cﬁlIected in plastic bags, put into
drums and shipped for incineration. All other col-
lected waste from this factory is combined with p]ant‘
trash and transferred by closed vehicle to the Rijnmond
or Alkmaar incinerator. A yearly permit for transport
and incineration, issued by the Provincial Environmen-
tal Control Agency, under the Law regulates transport

and processing solid wastes.

With regard to noise, regulations requjre a working
climate, in which 85 dB is maximal. In case the noise
level exceeds 85 dB, protective measures have to be

provided to all personnel.
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3.

Describe the Probable Adverse Environmental Effects that
Cannot Be Avoided

Based on the discussion in Section D 2, it is not antici-
‘ adverse effect on the environ-
ment will occur when the new animal drug application for

ivermectin is approved. Of course, any manufacturing

. process must make some contribution of products to the

environment. However, as indicated in Section D 2, the
liquid, solid and air disposal of by-products from the
manufacturing process is done under the applicable envir-
onmental requirements of various laws. Furthermore, such
wastes from the ivermectin process would make a negligible
contribution to the waste probiem of modern industrial

society.

Evaluate Alternatives to the Proposed Action

There is no practical alternative to the use of chemo-

theraputic agents in controlling parasitism.

Pr1or to the dgve]opment of effective therapeutic agents, f
the control of parasitic infections was limited to manage-
ment systems of pasture rotation and the use of harsh and

often injurious chemicals.

240
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4.

Evaluate Alternatives to the Proposed Action

Ivermectin is a substantial advance over currently-used
products to control shéep parasites and good efficacy has
been consistently demonstrated against all of the major
gastrointestinal parasite species in sheep. Furthermore,

Qestrus ovis, the sheep nasal bot, has been shown to be

safely controlled at any stage of its 1ife cycle.
C]early. the simultaneous control of both internal and
external parasites with subsequent savings in time and
labor reflect an unprecedented advance in sheep parasite

control.

Ivermectin's potent broad-spectrum, parasiticidal activity
estab1ishes this animal drug as having the advantage of
controlling a large number of species of parasites. The

quantities of undesirable compounds reaching the environ-

- ment following production and utilization of this new

animal drug will be small and environmental effects are

vnot expected to occur.

™~
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5.

Describe the relationship between local short-term uses

of the environment with respect to the proposed action

and the maintenance and enhancement of long-term produc-
tivity '

Short-term effects upon the environment, as discussed in
Section D 2 (phytofoxicity to a variety of plants, hazard
to fish, earthworms, aquatic organisms. etc.), are not
expected due to- the low levels of noxious compounds which -
will be present in the environment. Also, as discussed,
there would be minimal short-term effect of the disposal
of by-products from the manufacturing process upon the

productivity of the environment.

These same factors also would mitigate against any long-

term detrimental effects on the environment.

Short- and long-term benefi;ia] effects from the use of

ivermectin could be substantial in terms of producing

- healthier sheéb; allowing sheep to realize their full

genetic potential to utilize feed more efficiently, elimi-

nate losses from morbidity and‘morta11ty frbm parasite

infection. Taken together, this means that more food for

247
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5.

Describe the relationship between local short-term uses

of the environment with respect to the proposed action

and the maintenance and enhancement of long-term produc-
1v1ty (Cont d)

man (lamb protein) can be produced per pound of feed with-
out increasing the need for such feed and the resulting

expenditure of energy.

Describe any irreversible and irretrievab]e commitment of
resources

The raw materials used to manufacture ivermectin are com-
mbn organic compounds -- all of which are in ample sup-
ply. Energy cdmmitment\wou]d be nominal. Also, some of
the raw materials used 1h the process are recyc1ed or
recovered for use. Though some of the raw materials are
jrretrievable, the proportion used in the ivermectin pro-
cess compared to the total annual production of them wouild

be minimal..

Discuss the objections raised by other agencies, organiza-
tions or individuals '

We know of no agencies, organization; or individuals who
have questioned the effect on the environment from the use
of ivermectin to treat and control internal and external

parasites in éhéep.

243
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8.

If the proposed action should be taken prior to 90 days
from the circulation of a draft environmental impact
statement or 30 days from the filing of a final environ-
mental impact statement, explain why ‘

The information presented in this environmental impact
ysis report amply documents the position that the .
approval of the new animal drug application for ivermectin
by the Food and Drug Administrationvdoes not constitute a
major agency action which wduld significantly affect the
quality df the human environment. Thus, there is no rea-
son for the Agency to prepare and circulate for comments a

Draft Environmental Impact Statement.

. Analyze whether the benefit to the public of the proposed

action will outweigh the action's potential risk to the
environment :

The benefits to be obtained from the use of ivermectin as
discussed in Sections 2 and 5 outweigh any potential risk

to the environment.
The risk to the environment can scarcely be identified

whereas the benefit in terms of savings from economic loss

to the sheep\pfbduéer and the consumer are substantial.

244
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9. Analyze whether the benefit to. the public_of the proposed
action will outweigh the action's potential risk to the

environment (Cont'd)
In view of the severe worldwide shortage of protein
food and animal feed, the benefits from fhe use of an
agent such as ivermectin are critically needed. Any
conceivable risk to the environment would be

negljgib]e in comparison.

E. Certification
The qndersighed applicant/petitionér certifies the information
furnished in this Environmental Impact Analysis Report is

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

Somalue

(Signature)

Date: /’/ -72/%,,6 INI-S-

~ Director, Requlatory Affairs
‘ (Title)
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