FINDING OF N& SIGNIFICANT YMPACT

for
_ , ™ . .
Clorsulon (Curutrem” ) Orul Suspension for Cattle
NADA 136742
Herek Sharp & Dohme Pesearch Laboratories

The Center for Velerinary Medicine has carcfully considered the
potential environmental impact of this sction and has concluded thut
this actioa 18 not expected to have a significant impact on the
quality of the human environment and that an environmental impact
statement therefore will not be prepared.

Merck Sharp & Dohme Research Laboratories of Rahway, New Jersey, has
filed o new animal drug application (WADA 136-7U42) for the over-the-
counter use of cleorsulon (Curatrem 8.5% oral suspension) for the
Lreatment of mature and immature liver flukes (Fasciola hepatica) in
cattle. Cattle are to be dosed at a level of 7 milligrams (mg) of
drug per kilogram (kg) of body weight (b.w.). This is equal to 7.5
nilliters (mL) of the 8.5% oral suspension of clorsulon/91 kg cattle
b.w, (or 1/4 fluid ounce/200 1lb. b.w.). Retreatment of cattle with
clorsulon may occur 2-3 times/year. The timing of retreatment for
cattle i3 based upon geographic, climatic, and husbandry consider-
ations. Cattle rannot be slaughtered within 8 days of dosing with
~tor wvion, This medication cannot be used in female dairy cattlc of

crovding age berause a withdrawal time in milk has not been
. stablished.

Clorsulon 8.5% liver fluke drench for cattle contains 85 mg of drug
active ingredient/mL of suspension. The drug active ingredient is
Y-zmino-b-trichloroethenyl-1,3-benzenedisulfonamide (CAS No. 60200 -06-8).
Clorsulon has also veen known as MK-0401 or MK-401.

Merck Sharp & Dohme Research Laboratories (Division of Merck and
Company) has filed the attached Environmental Impact Analysis Report
(EIAR) dated January 10, 1985, in support of the proposed use of
clorsulon in cattle, The EIAR asserty that thie proposed use of
Curatrem in cattle should result in levels of introductions of
clorsulon into the environment that are not expected to result in
effects upon organisms iiving in the environment. These assertions
are based upon the firm's data and calculations. This FONSI provides
the Center's interpretation of the environmental information submitted
by Merck, describes mitigations of possible adverse environmental
¢ffects and defines the need for adlitional environmental data.
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tthUMQEL{gnfmgyuﬁﬁgifuégnﬂiﬂLp the Environment
Tioe wetive drug ingredient may be introduced inte the environmoent,
beth thirough the manufacture and the use of the product. The drug

manutfacturing process results in chemical waste products which also
will be introduced into the environment.. The first step in an
asscssment of environmental impacts is to estimate the types and
quantities of materials that could potentially enter the environment.

1. [Dnvironmental introductions of chemicals due to the

manufacture of clorsulon:

The attached EIAR (pp. 118--128) identifies four locations where
clorsulon will be manufactured. The attached EIAR, however, does
not include quantitative estimates of the environmental
introductions of chemicals that would result from the manufacture
of clorsulon. The manufacture of clorsulon in bulk will take
place at facilities in Stonewgll, Virginia and Flint River,
Georgla. 7he formulation of bulk clorsulon into the finished oral

suspension will take place at facilities in Rahway, New Jersey and
Barceloneta, Puerto Rico.

a. Bulk manufacture of ciorsulon

The bulk manufacturing process will genereie an aqueous waste
stream, a solvent-based liquid waste stream, hazardous and
non-hazardous solid wastes, and air emissions.

The ajueous waste stream from bulk manufacture will contain
water, salts a.d small fractions of organic solvents, such as
chloroform and methylene chloride, The aqueous waste streams
will be treated at the wastewater treatment plant at each
facility. Effluent from the treatmert plants will be
discharged into the Shenandogh and Flint River, respectively.
Discharge to these two rivers will be in compliance with the
National Pollutant Discharge Elimination System (NPDES)

permits administered by the states of Virginia and Georgila,
respectively.

The solvent waste streams will contain organic solvents, such
as hexane, chloroform, methylene chloride and toluene. These
solvents will be shipped offsite to registered hazardous waste
management facilities. This disposition of solvents will be
subject to the Hazardous Waste Management rules of Virginia
and Georgila, respectively.

The hazardous solid wastes will consist of filter aids and
residues that are wet with organic solvents. Thesc wastes will
also be shipped to registered hazardous waste management
facilities (as above). The non-hazardous solid wastes (trash,
' paper, etc.) at Stonewall, Virginia, will be wvurned in an
onsite incinerator subject to Virginia's air pollution control
regulations and operated under a permit from that state. The
non-hazardous solid wastes from Flint River, Georgia, will Le
disposed of by shipping them to an offsite local landfill.




ate cmissions of volatile organic compounds produccd at each
Yacility will be controlled by appropriate condensers and
serubbers subjeet to cach state's alr pollution rules and
repuletions,  The sir emissions allowed Lo be discharged are
subject to tne air quality permits administered by the
respeetive states of Virginia and Georgia.

b. Formulation of clorsulon oral suspension

The formulation process will generate an aqueous waste stream,
nor-hazardous solid waste and air emissions.

The aqueous waste stream will contain water and some organic
solvents, such as cthanol. The aqueous waste streams
pencrated at the two formulation facilities will be
pre-treated prior to discherge to publicly--owned wastewater
treatment plants in New Jersey and Puerto Rico. Discharges to
and from these wastewater treatment plants will be subject to
the respective discharge elimination system permits
administered by the state of New Jersey and the EPA.

The non-hazardous solid wastes (trash, paper, etc.) will be
burned onsite, using incinerators subject to (and in
coipliance with) the respective air pollution control
regulations and operated under air pollution permits from the
state and territory involved.

The air emissions of volatile organic compounds produced
during formulation will be controlled by appropriate
condensers and scrubbers subject to the respective air
pollution regulations of this state and territory. The air
cmissions allowed to be discharged are subject to the air
quality permits administered by New Jersey and Puerto Rico,
respectively.

2. Environmental intrcductions of chemicals due to the use of
clorsulon:

Clorsulon i3 to be used for the treatment of liver flukes, due to
Fasciola hepatica, in cattle, Figure 1 (from Foreyt and Todd,
1976) illustrates the arcas of the United States wvhere liver
flukes were responsible for the condemnation of over 1 million
cattle livers in 1973. The EIAR (p. 18) states that "in 1982, 1.4
million livers were condemned because of liver fluke damage."
Therefore, the prevalence of this disecase does not appear to have
decreased. In fact, the American Association of Veterirary
Pathologists (1983) state that the prevalence of F. hepaitica is
increasing, especially in the Western states where irrigated
pastures are being increasingly used. The EIAR (p. 19) also
states that "fascioliosis due to F. hepatica occurs primarily in
the Gulf Coast states and Western states."
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The use of cloraulon will therefore probably approximate the
distritution of bovine liver condemnztions seen in Figure 1, The
heaviest use of clorsulon should therefore probably be in the
feealot and pasture cattle grown in the Southeastern states. This
will be due to the large number of cattle present there and the
prevalence of neavy fluke infestations in the low-lying Gulf coast
reas of these states. Next 1n order of use would probably be the
fluke endemic areas of the Far West, the Pacific Northwest, and
the Southwest with their abundant feedlot and range populations of
cattle. Tnis wili be followed by use in the Midwest because of its
great concentration of cattle. Finally, the Northeast with itis
low cattle rumbers probably represents the area of smallest
utilization of clorsulon.

The EIAK (p. 1) says that states having high losses from
rusnioliasis account for about 40% of the United States cattle
population., The total United States cattle population is about
100 million animals. Therefore somewhat less than 40 million
animals may be exposed to this parasitic disease. Based upon the
numbers of bovine livers condemncd/year, the estimated uses of
prior flukicides, and that up to 2-3 treatments/year are possible,




4 reasonable estimate of the amount of clorsulon that may be sold
15 probably somewhore between 5 and 10 millicn treatment doscs/
year,

' stuming an average animal treatment weight of about 600
Ibs (273 kg), an average treatment dose would be about 1900 mg of
drug active ingredient (7 me/kg x 275 kg = 1911 mg).

= Therefore, a
total of between about 9.9 d 19 metric tons of drug may be

introduced into the United .iates environment cvery year.

a. Specific environments potentially impacted by the use of
clorsulon

The specific environments that may be impacted due to the use
of clorsulon to treat cattle for liver flukes would consist
primarily of 1) the clorsulon usage sites (cattle feedlots and
pastures where cattle are kept), 2) the sites of cattle waste
disposal (fields fertilized with the excreta from dosed
animals), and 3) the environments receiving runoff from these
feedlots, pastures and fields. Estimations of the amounts of
clorsulon expected to be introduced into these environments
flrst requires a brief description of how clorsulon is
metabolized and how much intact clorsulon can be expected to
be excreted by the cattle treated with this drug.

Clorsulon metabolism in cattle

The major route of clorsulon introduction into the environment
will be through the excretion of this drug (and its metabolites)
into the wastes of treazted cattle. The administration of
radiolabeled clorsulon to cattle demonstrated that about 90% of
the drug dose was excreted in the first seven days in the feces
and urine of the treated animals.

Approximately 65% of the total radiolabeled material administered
was found in the cattle feces collected in the first week after
dosing. About 40% of this radiolabeled material was determined to
be parent drug (clorsulon), with another 35-40% being a drug
conjugate that was readily converted (via hydrolysis) back to
parent clorsulon. Thus, about 80% of the radiocactivity excreted
in cattle feces was accounted for as parent clorsulon or compounds
easily converted back to clorsulon.

About 25% of the total administered dose of radiolabeled clorsulon
was found in the urine collected during the first week.
Approximately T0~80% of these drug residues were found to be
parent clorsulon, with another 8% being a drug conjugate that also
was readily converted back to parent clorsulon. Therefore, about
80-90% of the radiolabeled materials found in cattle urine appear
to be clorsulon or drug conjugates readily converted to clorsulon.
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1t therefore appesrs reasonable to conclude that the compound(s)
exereted into the environment through the use of this product
would consist primarily of clorsulon and metabolites that may be
converted back to clorsulon. For the sake of simplicity, all
subsequent calculations and cvaluations will assume that all of

the clorsulon given to cattle will end up in animal wastes as the
bionctive parent drug.

Clorsulon levels in cattle wastes

Two studies were conducted where cattle feces and urine were
collected for the first seven days following the dosing of these
animals with radiolabeled clorsulon. Peok clorsulon residue
levels were found in both the cattle feces and in the cattle urine
collected two days after dosing. More than half of the
administered dose of clorsulon was excreted In these wastes within

the first threc days, and about 90% of the clorsulon was excreted
within the first seven days.

These two studies used cattle dosage rates of 6.6 mg drug/kg b.w.
and 14,9 mg/kg. The results of both of these studies were
adjusted to be equivalent to the recommended drug dose of 7 mg/kg.
The (adjusted) levels of clorsulon found in the feces and urine
from these two studies were very comparable and quite consistent
with each other. In both studies, the day two peak levels of
clorsulon found in either feces or urine were about 35~40 mg
drug/kg waste. Similarly, the clorsulon levels in the first
week's feces and urine ranged between 14-~18 mg/kg and averaged
close to 16 mg/kg. The above-measured ranges of clorsulon levels
in cattle wastes should be about the same for both feedlot and
pasture animals.

1) Clorsulon levels at usage sites - cattle feeclots and pastures

Large concentrations of cattle are frequently grown ard fattened
in relatively discrete locations called cat:le feedlots (Thompson
and C'Mary, 1983). In the United States, a large proportion of
the cattle raised for meat are fattened in feedlots for about five
months prior to slaughter. The dense concentrations of cattle in
feedlots probably represents the situation of maximum animal
wastes (and therefore maximum drug quantities introduced)/unit
area.,

Estimates of reasonable maximum and minimum concentrations of
clorsulon that could be expected in feedlot cattle wastes were
made by either assuming that the clorsulon in the first week's
waste would be disposed of (approximate maximum level = 16 mg/kg),
or assuming that the clorsulon would eventually become evenly
distributed throughout the wastes from an entire 130-day grow-out
period and then would be disposed of (approximate minimum level

= 0.67 mg/kg, see calculation in 2) below).




Estimates of concentrations of clorsulon cxpected in the waste of
pusture cattle would depend primarily upon the time after treot-

ment,  Concentrations up to about 40 mg drug/kg waste (wet weight)
would appear to be the maximum expected. Such high concentrations

should be restricted to the small areas where wastes are deposited
by recently treated cattle.

2) Clorsulon levels at disposal sites - introductions into the

terrestrial environment

Feedlot cattle wastes (and the associated drug residues) are
frequently disposed of via incorporation into soil as fertilizer.
The attached EIAR (pp. 21-29) estimates some of the potential
environmental introductions of clersulon from such cattle wastes.
The calculations in the EIAR are based upon certain assumptions.
The estimates in the EIAR attempt to define the probable range of
drug concentrations expected to occur in the terrestrial and
aquatic environments. Following are similar estimates made by CVM

which are based upon assumptions which appear more appropriate
to us,

Assumptions

a. 220 steers/acre of feedlot (Ensminger, 1978)
L. Average steer welght = 273 kg (USEPA, 1974)
c. Clorsulon dose/steer = 7 mg/kg x 273 kg = 1,911 mg
d. Time steer in feedlot = 130 days (USEPA, 1974
e. Waste produced/steer = 22 kg/day (USEPA, 1974) x 130 days
‘ = 2,860 kg. waste
f. Average clorsulon level in 130 days waste
= 1911 mg Jrug/2860 kg waste
= 0.67 mg drug/kg woste
g. Average clorsulon level in first week's waste
=z 16.0 mg drug/kg waste

h. One metric ton = 1,000 kg (2,200 1lbs.)

i. Waste incorporation rate into soil = 10.9 metric tons
waste (wet wt,)/acre soil

J. Waste is mixed into the top six irches of soll

k. Weight of top six inches soil/acre = 909,000 kg

(Jackson, 1958)

1. Weight of rainfall/acre = 102,750 kg/acre-inch of water
m. Two inches of rainfall runs off from the feedlot
Calculations

a. Using the feedlot cattle wastes from one entire 130-day
grow-out period:

0.67 mg clorsulon/kg waste x 10,900 kg waste/acre -
909,000 kg soil/acre = 0.008 mg clorsulon/kg soil.
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Using the first week's feedlot cattle waste:

1o mg clorsulon/kg waste x 10,400 kg waste/acre -—
909,000 kg soil/acre = 0.192 my clorsulon/ks soil.

This range of minimum and maximum expected clorsulon soll
concentrations (0,008 to 0.192 mg/kg) will subsequently be
contrasted and compared with the levels of clorsulon in soil
demensirated to cause lethal (and sub-lethal) effects upon
organisms that live in the so0il (soil microbes, plante and
carthworms). The above estimated soi1l clorsulon levels should

encompass the ontire range expected from soll incorporation of
feedlot cattle wastes.

In comparison to feedlot cattle, cattle on pasture are stocked at
a much reduced density, therefore, the manure levels/unit area of
pasture can be expected to be about 1/200 - 1/400 that found in a
feedlot. Manure iy seldom directly incorporated into pasture
soils. These factors should precvent significant quantities of
clorsulon from balrg introduced into pacture soils. Nevertheless,
& limited distribution of high levels of clorsulon in pastures can

be expected in and around the excreta of recently treated rasture
cattle,

3) Clorsulon levels in runoff - introductions into the aquatic
environment

If about four inches of rain were to fall in the period of time
shortly after feedlot cattle had excreted all their clersulon
dose, and two inches of this rain escaped as runoff frcm the
feedlot, and this runoff carried with it the entire drug burden,
then the maximum drug concentruation in this feedlot runoff would
be about 2 mg drug/kg runoff (2 ppm).

1911 mg/steer x 220 steers/acreA%-ZOS,SOO kg runoff/acre
= 2.05 ppm [a part per million (ppm) = 1 mg/Liter(kg) waler].

Tha runoff from a feedlot 1s often mixed with the runoff from
other nearby arcas and this (combined) runoff is subsequently
deposited in.o a receilving water (ditch, stream, pond, lake, etc.)
where aquatic organisms could be impacted by substances in the
runoff.

The clorsuion concentration in runoff iz subsequently contrasted
and compared with the levels of clorsulon in water demonstratec ¢o
cause lethal (and sub-lethal) effects upon aquatlic organisms, such
as aquatic algae, crustaceans and fish.

/-
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. The Fale of Ciorsulon Introduced inito the Environment

Chemicals introduced into cne of the four different environmental
compartments (air, weter, soil. and biota) may stay ir that medium,
hovever, they frequenvly terd to migrate into (dist-‘buts bet-sern) the
other environmental compartments. This distributic.. of chemicezls
cewween these four environments will, in large pa’ ., determine whether
0i not organisms present in an environment will be exposed to levels
ot chemical sufficient to zause adverse effects in these organisms.

Certain simple physical/chemical measurements have been found to be
useful 1n approximating a chemicals potential for distribution between
air, water, s50il, and biots. The pertinent physical/chemical para-
melers for clorsulon are listed below  This list is followed by
calculations and evaluations that assist in determining where
clorsulon introduced into the environment would tend to end up (its
environmental fate).

1. Physical/chemical‘parameters of clorsulon
(EIAR, pp. 1-3 and 30-69)

a. Vapor pressure = 4.6 x 1073 mm Hg (at 25°C)
b. Water solubility = 700-900 ppm (from pH 1-9)
c. Octanol/water partition coefficient (Kow) = 15.1
d. Soil sorption/desorption:
Freundlich sorption coefficient (K) = 1.57
Soil scrptiorn distribution coefficient (Kd, = ;.4
Scil organic carbon coefficient (Koe) = 30.7
e, Stability 1in water (in dark) = does not degrade in 30 days
(at pH 5, 7, or 9)
f. Half-life in water (in sunlight) = 19 minutes
g. U.V. absorption maxima = 227, 267, and 325 nm
h. Soil biodegradation half-life > 1000 days

2. Fate evaluation

A vapor pressure or the magnitude listed above clearly indicates
that clersulon is not a very volatile chemical and therefore is
very unlikely tc distribufe into the atmosphere. This
environmantal compartment will nct be considered further.

The water solubility measure gives an indication of the maximum
concentration of clorsulen that can reasonably be expected in the
aquatic environment. For environmental purposes, a water
solubility of sbout 1,000 ppm is considered a moderate level.™
Therefore clorsulon is considered moderately soluble in water and
it could tend to distribute into the aquatic envircnment.

The oztanol/water partition coefficient (Kow) gives an
approximation of a chemlcal's ability to distribute into
lipid~like material and thersby roughly correlates (Kenaga and
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o, 1989, with o chemicals ability to be concentrated into the
tuts and lipids of living things (bicconcentration). The Kow for
clorsuton is 15,1 ang this is a low value--by comparison the Kow
for DDT is about 1,000,000. The low Kow for clorsulon indicates
thuat 1t should not tend to bioaceumnlate in organisms in the
envircument. This assessment is corroborated by the faect that
clorsulon residues rapidly deplete {rom the tissues of cattle
dosed with this chemical with most of the drug dose being excreted
within the rirst week. Therefore clorsulon should not tend to

distribute into livirng things and accumulate in this compartment
of' the environment.

The scils of the carth are an extremely heterogencous environment.
The abcve noted soil sorption/desorption test consisted of mixing
a clorsulon solution with Iowa silt loam soil and measuring the
tendaney of clorsulon te adhere to the Jowa silt loam (E1~R, pp. 37-44).
This result approximates the way clorsulon may distribute hetween
vater and other types of soils. From the sorption/desorption
experiment the following parameters were estimated: 1) a measure
of the strength of sorption of clorsulon to soil (K = 1.%9),
2) a measure of the relative distribution of clorsulon between
scil and water (Kd = 1.4), and 3) an estimate of clorzuvlon binding
to the organic matter in this soil (Koc = 30.7). From the value
for K = 1.59, it is estimated that clorsulon should be very mobile
in soil with wmuch of it able to leach through the seil and into
subsoil (USEPA, 1979). From a Kd = 1.4, it can bz estimated that
about U2% of the clorsulon in an aqueous solutiovn would remain iu
the water, with only about 58% of the drug adhering {2 this Towa
si1t loam. Finally, the high level of organic matter irn this soil
(N €%1) dic not appear to significantly influence 4= quantltltes
of clorsulon sorbed. These values indicate that cilorsuion is not
very tightly bound to this soil and clorsulon would therefore
appear Lo be environmentally very mobile. Clorsulon shouid
therefore fairly rapldly transfer from the soil envircrment into
the aquatic environment,

The potential stability of clorsulon in the soil and aquatic
environments nas been estimated in various manners. The
experimental evidence demonstrating the degradation of c¢lorsulon
in soil{s) appears to be subject to differences in interpretation.
Thereiore a definitive soil biodegrcdaticn study was undertqken.
Proceaural difticulties, however, resulted in a flawed test that
only roughly estimabtecd clorsulon's half-1life in soil as > 1000
days. A moure definitive test of blcdegradation of clorsulon in
coils has heen undertaken by the drug sporsor.

The results of the tests of clorsulon's stability in water
gepernded upon whether or not suniight was present. When light was
not present, aqueous solutions of clorsulon were very stable with
no degradation seen in 30 days. The same result was seen in
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ciorsulon solutions cxposed to fluorescent light for one month,
Hownver, exposure of a clorsulon aqueous solution to sunlight
resuxzted in ftne rapid degradation of clorsulon to more polar
compounds. Onc-half of the clorsulon was estimated to have been
degraded within 19 mirutes of expesure to 3unlight, with a
complete degradation of clorsulon seen in about 4 hours.

Uliraviolet (U.V.) wavelengths appear to most often be responsible
for sunlight caused degradation of a chemicel.

To recapitulate the fate of clorsulon in the environment ——

1. Significant amounts of clorsulon should not be feund in
the atmospheric environment.

2. Although clorsulon will be administered to one part of the
biota (cattle), this drug should tend to rapidly deplete from
the cattle and not tend to become redistributed to
(accumulated) in other organisms in the environment.

5. Clorsulon residues will tend to be applied directly onts
or into soiis. Clorsulon does not appear to degrade much in
soils, Clorsulon will probably readily leach from these
yolls into water via percolation or runoff from rainfall (or
irrigation) of these scils.

L, Clorsvlun residues would therafere tend to selectively
distribute inu» the aquatic environment. Clorsulon in water
exposed to dJunlight does appear to degrade rapldly to more
polar compounds. Photodzgrudetion in water may be the major
breakdown route for clorsulon in the environment,

C. Pctential Envirormental Effects of Clersulon

Toxic environmental effects are frequently measured by estimating an
LC50 nr EC50. An LC50 (or EC50) is an estimat:d concentration that
would, on the average, cause mortality ‘or some other significant
response, e.g. inhibition , immcbilization, etc.) in 50% of a
population of organisms. The 95% confidence intervol (C.I.) is the
range of values within which it is 95% certain that the true LC50 (or
EC5C) resides.

A key value not reported in any of the clorsulon toxicity studies is
the slope of thz dose-response line. From the slope of the line,
scientists determine the rapidity of the onset of the advers. effect
as dose increases. The steeper the slope of the line, the mor-e
cuddenly mortalities occur with increasing increments of exposuve. It
is from this information thet the maximum concentration where the
effect would not be observed is estimated. Depending on the effect
being measured In the test and the slope of the dose-response line, 3
safety factor is applied to the study results and a safe concentratiov
is estimated where the test organism (and the class of organism it
reprcsents) can be expected to grow, reproduce, and behave normally.




Ui average, S

Lne sufety factor 13 one-one handredth of the 504 effect
concentration when the effect is mortality or another significant
rosponse (LCY0 or EC50). This safety factor is frequently used when
adequate data are not available to determine a mcre accurate value,
The value derived from tho use of this safety factor may still be

inadequate to determine & "safe dose" (soo phytotoxicity results
below) .,

A varlety of organisma present in either the 8011, water or bictic
components of the enviionment have been exposed to doses of clorsulon.
Ycllowing 18 a general clarsification of those organisms, the levels
of clersulon they were exposed to, and the effects that these doses of
clorsulon had pon either ‘.ese organisms, and/or the ecolegical
processes that these orgaufsms arc involved in.

1. Microorganisms (EIAR, pp. 8-10)

Clorsulon put in nutriert media at a dose of 400 mg/L ‘ppm) was
found to be inactive in inhibiting the growth of a variety of
pathogenic bacterlel and fungal species.

2. Soil organisms (EIAR, pp. 70-91 und 103-110)
a. Microbes

Soil respiration and nitrification are ecological

processes which ere under the control of microbes normally
tfound in so0il. Soll respiration can indicate the cycling of
carbon in scoil by measuring general soil microbial activity
and the normal decomposition of organic carbon compounds to
carbon dioxide., Likewise, communities of microtes in the soil
normally convert zmmonia to nitrite and nitrate, an essential
Lart of the earths nitrogen cycle.

Samples of normal loam and loamy sand so0ils were exposed to
doses of 0, 0.05, 0.2, 2, or 20 mg of clorsulon/kg of soil
(ppm) for up to five weeks. Measurements of soil respiration
and soil nitrification were taken periodically. Clorsulon did
not generally have any significant effect upon the soil
nitrification process in either so0il. However, the highest
dose of clorsulon (20 ppm), did cause a transitory decline in
the conversion of ammnnia to nitrate.

Clorsulon appeared to have had more effect upon the process of
3011 respiration than upon soil nitrification. However, a
clear dose-related response was not always evident in the soil
respiration experiment. In the lcam so0il, the two highest
dogses (2 and 20 ppm) caused about a 10% and 20% decline,
respectively, in the evolution of carbon dioxide from the
soll. In the loamy sand soil, the two intermediate doses (0.2
and 2 ppm) caused a similar level of depressed soil respira-~
tion, however, the highest dosc of 20 ppm caused no such
effect.

/8




PV oappears thal Lhe range of levels of clorsulon residuss bhat
can be cxpeclbed te be introduced into the terrest»’ 1 environ.
ricat Cfrom 0,008 to 0,192 ppm) will not tegin to approach the
dose determined te inhibit the microbes involved in tha
process of soll nitrification.  In contrast, limited and
Lransitory reductions in scil respiration rates may result
from elorsulon introduccd into soil. However, the drug level
ot whinh such an effect will be demonstrated appears to be
unclear. The level of inhibition may also be related to the
type of s0il examined.

b. Plants

A range-finding screening of clorsulon toxicity to eight plant
species [oat (Avena sativa), corn (Zea mays), tomato
{Lycopersicon esculentum), lettuce (Lactuca sativa), bean
(Phaseolus vulgaris), turnip (Brassica rapa), pea (Pisum
sativum), and sunflower (Helianthus annus)] measured decreases
in avercge plant shoot weight over a 14-day perlod. The doses
of clorsulon used were 0, 1, 10, 100, or 1000 mg drug/kg of
potting soil. An EC50 (dose reducing shoot weight 50%) and
95% cont'idence interval (C.I.) were calculated for seven of
the eight species. A linear trends fest was then used to
determine the lowest drug dose that caused a statistically
significant decrease in plant shoot weight, For five of the
elght speclies this was 1 ppm, the lowest dose tested.
Therefore, in order to estimate a potentially safe dose for
these elght plant species, a safety factor of 1/100 was
applied to the EC50. The data from this experiment are
summarized in the following table.

Lowest Dose3 Estimatedu

1 > Decreasing "Safe
Plant EC50 95% C.I. Plant Shoot Dose"
Speeies {mg/kg> (mg/kg) Weight (mg/kg) (mg/kg)
Oat 1,031 290~6, 494 1 10
Corn 212 364,095 1 2
Temato 28 9-93 1 0.3
Lettuce g9 193-1,621 10 5
Bean 898 T2-627,000 10 9
Turnip 11 3=-38 1 0.1
Pea * * 1,000 -
Sunflower P17 46-350 1 1

lconcent: ation estimated to reduce shoot welght 50%

Edose interval in which the true EC50 may reside
istutistically significant (a= 0.05) decrease seen at this dose

1
1,100 of the ECS0
*unable to caleculate, higher test dose(s) needed
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The fucl that the lowest dose Lested significontly decreascd
plant welghts far five of the eight species examined is an
indication that damage to some plants in the environment could
ceeur.  The jowest concentrations of clorsulon that could
cause domage to plants ore uncertain. The best estimate
available is either the "safe dose" or 1 ppm, whichever
concentration is lower. Note that the "safe dose" would have
been inadequate to protect several of these plant species, as
the lowest dose significantly reducing shoot weight was found
to be near (and even below) the supposed "safe dose'.

For this reason, a phytotoxicity caution statement will be
included on the product label until more definitive
phytotoxicity studies are undertaken and evaluated. These
studies will include four additional species of pasture plants
(rfescue, perennial rye, clover and bermuda grass). The test
will examine (in all species) the effects of clorsulon on seed
germination and also determine the soll clorsulon dcses that
do not cause decreased seedling growth,

c. Earthworms

Durgworms (Eisenia foetida) were kept under controlled
laboratory conditions and four replicate dose groups of 10
worms each (U0 total) were exposed to nominal soil
concentrations of clorsulon of 0, 130, 216, 360, 600 or 1,000
mg drug/kg soll for a 28-day period. Mortality at 28 days was
se2n in all treatments and ranged from 0% in controls to 12.5%
in two of the highest trea*nent groups. An LC50 could not be
determined from this experiment, but the LC50 appeared to be
>1,000 mg drug/kg soil. Sublethal effects {flaccid, soft and
flaccid and moribund) were also monitored. Significant
sublethal effects were evident in all treatment groups by
either 7 or 14 days and became progressively more severe
throughout the 28--day experiment.

A range-finding test exposed groups of 0 worms each to
clorsulon doses of 0.1, 1, 10, 10C or 1,000 mg/kg for a 28-day
period. In this test some of the worms were noted at days 14
and 28 to be "elongated." At 28 days some of the worms in the
10 and 10C ppm dose groups and all of the worms in the 1,000
ppr duse group were elongated,

Therefore, the lowest soil concentration of clorsulon that
resulted in some sublethal effects in the dungworm was 10 ppm.
The maximum level of clorsulon that could be expected in soil
under normal agricultural practice would be 0.192 ppm and this
is a >50-tfold safety factor for sublethal effects. Death
(within 28 days) would not be expected until soil clorsulon
levels reached 100 ppm, a most unlikely occurrence.




The hiighest concentration of elorsulon expected 1n eavtle
montre is 00 ppm (web wi.).  This pualt concentration is only
expeclted Lo occur on the sccond day oiter cosing., In the
unltkely event that dungworms were to be coutinuously exposcd
directly to this waste, then tho levels of clorsulon in the

manure could conceivably cause some sublethal effects in E.
foctida, B

Clorsulon should theretore not be cxpected to impact this
specles of worm significantly. Note, Liowever, that other
species of earthworms are normally found in agricultural soils
and there 13 some research ind.lcating that dungworms may be a
species of worms wiich is more resistant to chemical chal.ienge
(Dcan~Ross, 1983; Roberts and Dorough, 1984).

3. Aquatic orgarisms (EIAR, pp. 86-98 and 111-115)

Some of the toxic effects of clorsulon have been determined for
four species of freshwater organisms: a green alga (Selenastrum
capricornutum), a crustacean (Daphnia magna), and two species of
fish, the guppy (Lebistes reticulatus) and the bluegill (Lepomis
macrochirus). These organisms are representatives of three
important levels in the aquatic food chain - the green algae are
photosynthetic producers, daphnia are herbivorous grazers on such

algae, and both fish species are carnivorous and will eat small
crustaceans, such as daphnia.

a, Algae

Tne toxicity of clorsulon to the green alga was determined by
measuring the algal growth inhibition seen over an 87-hour
exposure period. Algae populations were kept under constant
light and exposed to nominal clorsulon concentrations of
either 0, 10, 3%, 100, 320, 550, or 800 mg of drug/L of growth
medium, The number of algal cells/ml of medium was determined
once a day for four consecutive days and the effect of
clorsulon on the algal growth rate was determined by
calculating the c.acentration of clorsulon that reduced the
growth rate of the algae by 50% (ECS0). Algal growth rate
data were used and the EC50 (and 957 C.I.) was then calculated
to be 520 mg/L (470-580 mg/L). The concentration reported to
demonstrate no observed effect on the rate of growth of the
algae was reported as 100 mg/L. This value does nolt appear to
have been calculated, but was apparently estimated by a simple
visual observation of the respective growth curves.

b. Crustaceans

Groups of 20 daphnia were exposed to a wide range of doses of
clorsulon. The nominal concentrations tested were 0, 1.0,
1.6, 3.2, 5.6, 10, 18, 32, 56, 100, 17?0, 320, 560, 855, or
1,000 mg drug/L water. Two series of tests were run: 1-100
mg/L and 100-7,000 mg/L, the 100 mg/L dose being tested twice.

[E———
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iy ot series of unbreated controls appears to bave been
uied and the results of the two Lest serijes appear to hava
Lreen pocled.  The daphnids were observed for mortality daily
for the duration of the 8-hour test period. The 48-<hour LCHO
(and 95% £.1.) was calceulaled to be 356 mg/lL (288-Lh0 mg/L).
The highest clorsulon concentration that did not cause any
daphnid mortality in 48 hours was 56 ng/L.

¢, Fish

aroups of 20 of both species of fish (gupples and bluegills)
were tested to determine their sensitivity to clorsulon doses
of either 0, 180, 320, 560, 855, or 1,00C mg drug/L water.

The guppies were about one month of age and averaged about 1.5
cm in length and 0.035 g in weight., The fish were observed
daily fcor mertality and abnormal behavior for the entire
96-hour test period. The sublethal behavior checks ineluded
observations for color changes and impairment in swimming
¢bility, The S6-hour LC5C (and 95% C.1.) for guppies could
not be estimated because Insufficient mortality occurred in
the test animals., The lowest concentration which caused
mortality within the 96-hour test period was the 560 mg/L
dose. At concentrations >560 mg/L, the guppies grew
progressively cdarker in color and their swimming ability was
progressively impaired. The number of fish exhibiting these
effects and when these sublethal effects were first seen could
not be determined from the test information provided.

The bluegills averaged 2.7 cm in length and 0.2 g in weight,
The fish were observed daily for mortality and abnormal
bechavior for the entire 96-~hour test period. The sublethal
behavior checlts also included observations for color changes
and impairment in swimming ability. A 96-hour LC50 (and 95%
C.I.) likewise could not be estimated for bluegill because of
insufficient mortality in the test animals. The lowest
concentration which caused bluegill mortality within 96 hours
was the 855 mg/L dose. At concentrations >320 mg/L, the fish
grew progressively darker in color and theilr swimming ability
was progressively impaired. At dcses >560 mg/L the fish
reinalned on the bottom of the test tanks in extremely poor
condition. The number of fish exhibiting these effects and
when these sublethal effects were first seen could not be
determined from the test information provided.
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The results of these aquatic toxieity tests are summarized in
the Tollowing table, as are the estimated "safe doses"
celewlated Ly applying a 1,100 safely factor to the EC50 or

LCSG,
_— - — ———
‘ 1 95% C.1.”
Test Test Test ECSU? or (confidence Estimated
Spceiles Duration Tempegature LC50™ interval) "Safe Dose"
(Hrs.) (7o) (mg/L) (mg/L) (mg /L)
Green alga 87 20 520 470-580 5.2
Dapunia ug 20 356 288-440 3.6
Guppy 96 24 >855 - -
Bluegill 96 24 >856 - -

1concentration estimated to reduce algal growth by 50%

concentration(s) estimated to result in the death of 50% of the daphnia or
fish
ydose interval in which the true EC50 (or LC50) may reside

1/100 the EC50 or LC50

The estimated safe doses for the algae and daphnia are about 5
ppm and 4 ppm respectively., These concentrations are qulte
close to the 2 ppm estimate of the maximum concentration
possible in runoff coming directly from a cattle feedlot. The
volume of the receiving waters (stream, pond, etc.) for this
runoff (and the additional runoff from the unexposed regions)
should substantially dilute (at least 10x) the maximum
clorsulon concenlration possible in the aquatic environment.

The maximum clorsulon concentrations which seemed not to cause
obvious acute effects in algae, dapnnia, guppy and bluegill
were (respectively) 100 ppm, 56 ppmr, 320 ppm and 180 ppm. All
of these clorsulon concentrations are considerably above the
maximum clorsulon concentrations that could reasonably be
cxpected to be introduccd into the aquatic environment,
Therefore it appears unlikely that the use of clorsulon in
cattle would cause direct toxic effects (or even sublethal
effects) upcn these four freshwater species that represent
organisms important in aquatic food chains,




Lo Hammels Gend mowmalian parasites)

the sereening of clorsulen against various nematode, fluke and
samect parasiytes of callle and sheep demonstrated thob low doses
Cabout 10 ppm) of this drug were cffeclive enly in controlling
Piver flukes in celves and shecp.  Much higher doses of clorsulon
were found to be ineffeclive against scveral nematode species,
another fluke species, and sheep blowfly larvae.

Clorsulon was teated for toxic effects in several mammalian
species, including cattle. Cattle tested at levels up to 25 times
the recommended dose showed no s3ign3 of toxicity over the 14--day
observation period. The acute oral LD50 in rodents is >10,000 mg
clorsulon/kg b.w. The results of these studies and other acute
and chronic toxicity tests in several mammalian species can be
seen in the attached EIAR (pp. 13-17) and in the Freedom of
Information Summary. These tests appear to demonstrate that in
mammals, clcrsulon is not very toxic, is not teratogenic, and is
not carcinogeni-s.

D. Conclusion

The potential for adverse environmental effects due to the use of
ciorsulon for liver flukes in cattle appears toc center on whether

1) clorsulon introductions into the terresirial environment could
adversely affecl the germinration and growth of plants exposed to
roridues of this drug. and 2) clorsulon residues would tend to persist
in the terrestrial environment.

Mitigetion measures have been implemented to minimize the possibility
of clorsulon causing phytotoxicity. The f2llowing acticns have been
taken: 1) a phytotoxicity caution statement is required on the product
label, and 2) a definitive toxicity test of the effect of clorsulon
upon the germination and growth of several relevant plant species has
been undertaken by Merck Sharp and Dohme. A definitive test of
clorsuion degradation in the terrestrial env’ronment is also being
undertaken vy the drug sponsor.

E. Summary

M
The requested action to approve the over-the-counter use of CuratremT”
(clorsulon) 8.5% oral suspension at 7 mg drug/kg b.w. for the
treatment of liver fiukes in cattle does not appear to result in a
potential for the manufacture and use of the drug to result in
significiant adverse environmental impacts. Clorsulon environmental
introductions should be restricted primarily to the terrestrial and
aquatic envirunments. Transfer of clorsulon from the terrestrial to
the aquatic environment {via runoff, etc.) 1is likely to occur.
Clorsulon should not tend lo Liocaccumulate in organisms in the
environuent. Except when expossd to sunlight, clorsulon appears to be




Pebteoan o both soil and water. The aquatic organisms Lestod do not.
Ppesr Lo be very sensitive Lo acute elorsulon toxicity. Somc
wrganisms in the terrestrial environment may be affected by the
maxinum levels of clorsulon expected in soils. Mitigation mensures
have been taken to minimize such potential environmental impacts.,
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