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PARAQUAT RPAR

RPAR TASK FORCE

Enclosed is the EPA Paraquat Decision Document. It reaches the conclusion that
available data do not support a RPAR (p. 28) and therefore, paraquat will be
returned to the re-registration process.

It will be several weeks before EPA officially publishes this document and makes
formal transmission to Chevron. At that time, we expect them to make specific
requests for additional data as indicated in the document. By then I will expect
we will have completed a technical review to surface comments and questions.

If needed, a meeting of our toxicologists with EPA will be arranged.

For your information, I have the following observations:

. Reproductive Effects. The data reviewed did not include
the multi-generation rat study submitted April 2, 1982,

. Oncogenicity - Chronic Feeding. The Agency did not include
the mouse lifetime study submitted December 10, 1981.
The rat and dog studies being requested are well along
and we expected to have Final Reports by early 1983,

. Mutagenicity, We need toxicology review and recommendations

regarding the request for point mutation and DNA
damage tests.

. Acute Inhalation. As above, we need input on the request for
another rat study.

. Subchronic Toxicity.
Note the requests for: _
a) 21-Day rabbit dermal toxicity study. (o
b} Dermal absorption rate assessment study.
c) Field worker/applicator exposure study,
d) Investigation of face mask filtering capabilities.
Seiber's published work; Akesson's recent
study and the CTL exposure studies are not
cited.

SYNG-PQ-01796364
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I think it noteworthy that the document states: '"Current paraquat labeling is
explicit in directing those involved in mixing and loading in proper handling
procedures.' (p. 4), that the label is consistent with Agency regulations
(p. 14) and that precautionary labeling is adequate for prevention of dermal
acute toxicity (p. 29).

The Agency clearly intends that the emetic be added to our formulation
(pp. 13, 29) and it is my understanding that will be accomplished for product
produced for 1983 sales,

LRS:df
Enclosure

cc:
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I. Introduction

Section 3(a) of the Federal Insecticide Fungicide and Rodenticide Act :
[FIFRA] requires all pesticide products to be registered by the Administrator
of EPA befcre they may be s0ld or distributed. Section 6(b) of FIFRA
autherizes the Administor to issue a notice of intent to cancel the .
registration of a resticide ar to change its classification if it appears that
the pesticide ar its labeling "does not comply with the provisions of [FIFRA]
o, when used in accordance with widespread and commonly recognized mractice,
generally causes unreasonable adverse effects on the enviromment." Thus the
Afministrator may cancel the registration of a pesticide whenever he ar she
determines that it no lomger satisfies the statutoary standard for registrationm,
which requires, amorng other things, that the pesticide not cause "ureasonable
adverse effects on the enviromment" [Section 3(c)(5) of FIFRAl. These
"ureasonable adverse effects® are defined in Section 2(bb) of FIFRA to include
*any urreasonable adverse effects to man o the enviromment, taking into
accont the economic, social and environmental costs and benefits of the use of
any pesticide.”

The Environmental Protection Agency, hereafter referred to as the Agency,
created the Rebuttable Presumption Against Registration [RPAR! process to
facilitate the identification of pesticide uses which may rnot satisfy the
statutoary standard for registration and to provide a public, informal procedure
for the gathering and evaluation of infocrmation about the risks and benefits of
these uses. The requlations governing the RPAR process are set forth in 5

40 CFR 162.11. These regulations set forth certain criteria of risk and
provide that an RPAR shall arise againgt a pesticide if the Agency determines
that the ingredient(s), metabolite(s), cr degradation poduct(s) of the
pesticide in question meet or exceed any of these risk criteria.

In administering the RPAR process, the Agency adheres to the standard for
initiating the RPAR process established by Section 3(c)(8), one of the 1978
amendments to FIFRA, which provides that the Agency may mot start an RPAR
mnless it has "a validated test o other significant evidence nsmg ;ruient
concerns of unreasonable adverse risk to man ar the enviromment.”

When the Xgency publishes a notice indicating that an RPAR has arisen, the
reqgulations (40 CFR 162,.11) require that an oprortunity then be provided for
registrants, applicants, and interested persons to submit evidence to rebut the
wesumption, ar evidence relating to the econecmic, social, and envirommental
benefits for any use of the pesticide. If the resumptions of risk are not
rebutted, the evidence cn the benefits of the pesticide is evaluated and

. considered alom with the information on the risks. The Agency then analyzes

various methods of reducing the amount of risk from the pesticide together with
their costs and determines whether the pesticide can be reqgulated so that the
benefits of continued use outweigh the risks. If measwres shert of
cancellation cannot reduce the risks associated with any given use of the
pesticide to a level which is outweighed by benefits, the use in question must
be cancelled.

Paraquat first came under intensive Agency review due to the widely held
belief that neither an antidote ncxr a cormonly accepted first aid treatment
existed. In addition, paraquat's potential for exceeding 40 CFR 162.11 risk
criteria in relation to both its dermal and inhalation toxicity was to be
reviewed. The Federal Register Notice announcing the Agency's intent to
iniate the scientific review of paraquat (43 FR 30613) cited

1
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addressed within 43 FR 30613,

", ..teratogenicity, lack of emergency treatment, chronic effects, reproductive
effects, oncogenicity (data gap), mutagenicity (data gap) and acute effects" as
areas of concern. Although the above noted criteria formed the primary
concerns, the Agency additionally initiated a review of all available fish

and wildlife data as well as those human health effect data not specifically

This decision document is divided into five sections. Section I is this
introduction. Section II discusses general information on the roduct's
chemistry, uses, and tolerances. Section III addresses the rimary prpose of
the review; it compares data on potential adverse effects of paraquat with the -
Aency's criteria for a Rebuttable Presumption Against Registration. Section
IV sumarizes the conclusions of this review of paraquat and recomends actions
to be taken as a result of these conclusions. Section V is a bibliographical
listing of the studies cited.

‘I
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II1.

Chemical Profile

A. Chemical Identity

" Paraquat is the common name for 1,'1'-d:'methyl-4,4'-bipyriéiniun ion, the

active ingredient of the contact herbicides paraquat dichloride and
paraquat bis(methylsulfate). The structiral formula of paraquat
dichloride is shown below:

CHyN NCH32C1™

B. Registered Products and Uses

Paracuat is a nonselective contact herbicide which kills annual broadleaf
weeds and grasses and inhibits perennial broadleaf weeds and grasses.
Although the mode of action is not completely understocd, Summers (1980)
attributed the effect to a process.by which the diquaternary salts undergo
reduction to radical cations dwring photosynthesis and respiration. The
radical cations are then rapidly auto-oxidized by air, generating the
superoxide radical anion, hydrogen reroxide and rossibly other associated
radicals which are the toxic agents responsible for the dessication of
plant tissue and loss of coler.

Paraquat is used as a pre-emergent and . xeplant herbicide frxr some focd
and feed crops. In the management of fruit, nut, and crnamental tree
achards and certain small fruits, paraquat is applied as a directed swray
to the interspaces between the plants. Paraquat is used as a desiccant o
harvest aid for cotton, potatoes, soybeans, quar, smflowers and :
swarcane. . Noncrop sites such as highway margins, cammercial buildings
and starage yards are sprayed to control weeds. Paracquat is applied to
pine trees (by bark streaking, boring ar injection) for the purpose of
increasing the resin content. Paracquat also has uses as a spot treatment
far walks, driveways, shrubs and flower beds.

T™wo rrincipal paraquat formulations, other than the manufacturing use
poduct, are Federally registered for use within the Uhited States. These
oducts are comprised of low concentration pressurized licquids for home
use [Ortho Spot Weed and Grass Killer - 0,.276% paraquat dichleride]

and restricted use soluble concentrates which contain 29.1% peracuat
dichleride. . y

C. Tolerances :
Tolerances have been established for residues of paraquat (1,1'-dimethyl-

4,4'-bipyridinium-ion) resulting fram the application of either the
bis{methylsul fate) o the dichleride salt (both calculated as the cation)
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in or on raw agricultureal commcdities. The tolerances for paraquat are
as follows: : ) :

5 parts per million in o on alfalfa, birdsfoot trefoil, clover,
pasture grass, and range grass.

2 parts per million in or on snflower seeds.
0.5 parts per million in or on almond hulls, cottonseed, quar beans,

hop vine's, potatoes, sugar beets, sugar beet tops, and
sugarcane. ‘

0.2 parts per million in o on passion fruit
0.1 parts per million in o on hops

0.05 parts per million (negligible residwe) in o on apples,
aricots, avocadoes, bananas, barley grain, cherries, citrus
fruit, coffee beans, fresh corn including sweet corn (kernels
plus cob with husk removed), corn fodder and forage, ccrn grain,
figs, gquava, lettuce, melons, nectarines, nuts, oat grain,
olives, papayas, peaches, pears, peppers, Pineapples, plums
(fresh runes), rye grain, safflower seed, small fruit, scrghum
farage and grain, soybeans, soybean forage, tamatoes, and wheat
grain.

0.01 parts per million (negligible residue) in eggs, milk, and the
’ meat, fat, and meat by-products of cattle, goats, hogs, herses,
pultry, and sheep.

D. Exposure

Althouth the Agency has not undertaken a comprehensive review of those
residue chemistry data available far paraquat, this to be accanplished in
conjunction with the Registration Standards Frogram, human dietary
exposwre to paraquat is considered by the Agency to be negligible. 1In the

- most severe case, that of direct application to food crops as a harvest

aid, photochemical degradation, adsorption and processing of the crop have
been identified as mechanisms whereby final residues are reduced (Slade,
1966; and Calderbank, 1975). While significant residues may be mresent in
harvested rice, very low residue levels may be found in dehusked cr
polished rice. Residue analysis has indicated that no detectable residues
may be found in the o0il of either sunflower & cotton having bkeen
desiccated with paraquat.

Al thouth limited dietary exposuwre may be anticipated, human exposwre

to paraquat is largely restricted to individuals involved in either the
mixing and loading o application of the comppund. A wide variety of
application equiprent is used far paraquat. It is applied as a liquid by
boom sprayers, knapsack sprayers, messurized hand sprayers and aircraft.
Both dermal and inhalation exposure may be anticipated to occasionally
occwr as a result of inadvertant spillage on exposed skin cr clothing and
applicater exposure to spray mist. Current paraquat labeling is explicit
in directing those involved in mixing and loading in poper handling
xoceedures.
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III.

Paracuat as a Pctenti_al- RPAR Candidate
A. Introduction

As mreviously noted, paraquat was suspected by the Agency of meeting the
risk criteria established under 40 CFR 162.11.. 43 FR 30613 identified
those individual areas of Xgency concern. Those health effect triggers
listed were teratocgenicity, lack of emergency treatment, chronic effects,
reroductive effects, oncogenicity (data gap), mutagenicity (data gap),
and acute effects. Subsequent to the publication of the Federal Register
notice identifying those areas of Agency concern, the comprehensive
‘review of available paraquat data revealed that an additional trigger
relating to mamalian toxicity was also g:tent:.ally exceeded. Although
not specifically identified as exceeding a risk criterion, potential
avian reoduction effects were also noted as a possible cause for
concern (Stevens, 1980 and Stevens et al., 1982). The individual areas
of concern and the relevant data are discussed below.

B. Teratogenicity

40 CFR 162.11(a)(3)(ii)B) movides that "a rebuttable presumption shall
arise if a pesticide's ingredient(s), metabolite(s), o degradation
roduct(s)...produce any other chronic ar delayed toxic effect fi.e.,
other than oncogenic or mutxjenic effects] in test animals at any dosage
up to a level, as determined by the Administrator, which is substantially
higher than that to which humans can reascnably be anticipated to be
exposed, taking into account an ample margin of safety.”

The Agency, in evaluating the oven literature data relevant to paraquat's
potential for teratogenicity, found that the data were inadequate. The
studies generally involved inadequate numbers of test animals, o were
incompletely reperted (Gregerio, 1982a). Often the focus of the study
was not directed toward either mrphological effects ar reproductive
impairment. In nearly all cases, paraquat was not administered arally
and dams were not dosed daily throughout gestation. The following open
literatire studies were reviewed by the Agency: FKhera et al. (1970), Rus
et al. (1975), Gibson (1975 and 1976). Although these were found

to be inadequate, they provided mo evidence of any teratcgenic effect.

Data, submitted by Chevron Chemical Carp. in supprt of product
registration, contained two studies retaining to paraquat's teratogenic
potential. The first of these studies was Hodge et al. (1978b). In this
study, rats were crally dosed (20/dose) from days 615 of pregnancy with
the following doses of paraquat dichleride: 0, 1, 5, and 10 my (paracuat
ion) per kg body weight. Most of the dams in the 5 and 10 my/ka groups
showed adverse reaction to the paraquat treatment. The following effects
were reccrded: piloerection, weight loss (average body weights for all
groups were 158.5, 155.6, 120.4, 112.5 grams respect:.vely far the above
noted dosxjes), and hunched appearance.

The number of implants, viable fetuses, fetal swurvival, resa:ptions. and
mean litter weights were comparable to control animals. There was
evidence that mean fetal weight was reduced in the 5 and 10 mg/kg groups
when compared to the control (p = 0.05). This effect, however, is

. thought to be attributable to maternal toxicity rather than to any direct
action upon the fetus by the commund. This fetal weight less,
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therefare, is not considered by the Agency to be an indicater of
teratogenicity. - Additionally, this effect would be indirectly mitigated
with the establishment of a No Cbserved.Effect Level (NOEL) resulting
from chronic feeding data. The significantly reduced dose established
fraom the NOEL would offer a practical margin of safety for pregnant
mothers and, hence, for the fetus. No gross skeletal o soft tissue
abnarmalities were reported. The No (bservable Effect Level (NOEL)
established by this study is 1.0 my/kg (Gregorio, 1982a).

In the second study by Hodge et al. (1978a) mice were dosed (20/dose)
from day 6 throwgh 15 of pregnancy with the following doses of paracquat
dichleride: 0, 1, 5 and 10 my/kg (PQ ion) per kg body weight.

No pathological or clinical evidence of maternal poisoning was cbserved
in dams. The number of implantations, viable fetuses and resaxrptions
were not statistically different from the control. Neither the sex ratio
nor fetal litter weights varied significantly from control litters. No
gross skeletal or soft tissue abnormalities were reported in any groups.
The No Observable Effect level (NOEL) derived from this study is higher
than 10 my/kg.

' The 2gency has concluded that those studies submitted by Chevron ae

adequate. The Agency has further concluded that these data indicate
paraquat to be non teratogenic (Gregario, 1982a).

C. Remxodductive Effects

Applying those 40 CFR 162,11(a)(3)(ii)(B) criteria described under (A.)
above, the Agency evaluated all available data dealimg with paraquat's
potential for causing adverse repoductive effects in mammals.Although no
multi-generation stidies on rodents appear available, three single
generation studies dealing with thir ~ffect were located for Agency
review.

In a reroduction study conducted by McElligott (1966) rabbits were
treated with paraquat. Ten rabbits were retained untreated as a
control. Ten rabbits received 30 ppm peraquat in the diet. The third
group, comrrised of 5 rabbits, received 2.4 my/kg intraveneous (IV)
injections (8 times) followed by 1.2 my/kg IV injections until term.

A simgle rabbit in this group received only the 1.2 mg/kg IV injections.
The forth aroup of S rabbits recived 1.2 my/kg iv injections (10 tomes)
followed by 12 mg/day in drinking water.

Due, however, to an inadequate description of the experimental design, an
inadequate reperting of the data and an unusual dosing schedule, the
McElligott study can not be used in the establishment of a No Cbservable
Effect level (NOEL) (Gregorio, 1982a).

Criffiths et al. (1960) fed rats (0, 30 and 100 prm (peracquat ion) for one
generation. The study indicated no effects at either dose level.
Reference was made within the parer to "definite toxic” effects at 250
PEm (producing "pulmonary lesions within a pericd of several weeks"). No
data, however, were reperted and no NOEL may be established (Gregcrio,
1982a). .

In the third study reviewed by the Agency (Fletcher, 1972), rats were fed
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0, 30, and 100 ppm (paraguat ion) for one generation. The highest dose
‘tested (100 ppm) was indicated to have moduced no reproductive
impairment. This finding, however, could not be substantiated due to
inadequacies in the data mresentation (i.e., no individual animal data
for pathology, not all tissues listed to be examined were reperted, no
. reporting of the number of dead and live offspring per litter).

Additionally, no explanation ar data was provided in relation to such
statements as "significantly fewer progeny were reared in the 30 ppm
paracquat group (in the F,, litters) due to an unusually high incidence
of maternal neglect." 'I%e afarementioned data rercrting deficiencies,
coupled with the study being limited to a single generation, mecludes
Agency utilization of the data in the establishment of a NOEL (Gregerio,
1982b).

The Agency, finding that the available studies relating to reroductive
effects are inadequate, can make no conclusion with regard to this
criteria. Data will, therefore, will be requested of the registrant.
The Agency will require a two generation reproduction study.

D. Oncogenicity = Chronic Feeding

40 CFR 162.11(a)(3)(ii)(A) mrovides that a pesticide product shall
undergo a Rebuttable Presumption Against Registration should it be found
to induce "oncogenic effects in experimental mammalian species o in man
as a result of aral, inhalation ar dermal exposure...”

The Agency mrocess, identified and reviewed four feeding studies
involving paraquat. The Agency's Carcincgen Assessment Group (CAG) (CAG,
1977) found the data base, in aggregate, to be insufficient. The review
findings are sumarized as follows:

l. ICI, 1972

The CAG found that the controls had a very pocr swrvival rate (80%
and 76% mrtality for male and female mice, respectively) and the 80-
week duration of the study was considered “somewhat shorter than
desirable.” Furthermcre, the doses used - 25, 50 and 75 pmm (3.75,
7.5 and 15 mg/kg/day, respectively) = were "well below the maximum
tolerated dose of 90-120 mg/kg/day.

2., IBT, 19%4c

In an invalid study (by data audit) CAG noted that the number of
missing rats and rats far which mo histopathological examinations
were per formed were so large that it was impossible to draw
?onclusions concerning the carcinogenicity of paraquat. Histological
exaninations were per formed on only a few swviving controls and
rats ingesting 250 ppm of paraquat. The absence of tuncrs was, in
CAG's view, "an extremely unlikely cccirrence for any stock ar strain
of rats."

3. IBT, 1964b » _
This invalid (by data audit) study, undertaken with Beagles, could

not be evaluated due to the shart duration of the study. Poox
selection of dosage levels resulted in both too few animals and

-
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levels being tested. Of the three levels initially tested (50, 125
and 250 pgm), only dogs at the two lowest levels survived the 27-
month testing pericd. Dogs at the 250 ppm dosage all died within 1l1-
53 days. A new level, 10 ppm (2 animals/sex/dose) was added cne
month after the study began. No concurrent control group was added.

~ The four animals in the 10 ppm group were dsacrificed at 26 months.
Based upon the noted deficiencies, the Agency has concluded that this
study may be considered as supplemantary data in relation to chronic
feeding, but is insufficient with regard to an assessment-of
peraquat's potential for oncogenicity.

4, 1IBT, 1965
In an invalid study (by data audit) CAG determined that the study
duration was, again, far too shert "for a bioassay study to determine
carcinocgenicity.” Additionally, CAG found that only cne level of
paraquat, 75 ppm, had been administered to the study dogs and no
controls were used.

With the absence of acceptable data, the Agency cannot make a
determination as to either the oncogenic or chronic effect potential of
paraquat (CAG, 1977). The Agency will, therefcre, request that
additional studies be performed by paraquat registrants.

E. Matagenicity

40 CFR 162.11(a)(3)(ii)(A) mrovides that "a rebuttable presumption shall
arise if a pesticide's ingredient{s) metabolite(s), o degradation
reduct(s)——induce mutagenic effects, as determined by multitest
evidence.” Section 162.3(y) defines mutagenicity as "the property of a
substance o mixture of substances to induce changes in the genetic
canplement of either somatic or germinal tissue in subsequent
generations.” Mitagenic chemicals are recognized as posing a potential
risk to human health due to their ability to cause heritable charges in
genes and chromoscmes. Germline changes can, for example, lead to birth
defects ar to the accunulation of deleterious mutations which may be
involved in-the etiology of cancer.

The Agency has obtained and reviewed several pertinent mutagenicity
studies., These studies, aygregated by study type, are described below.

1. Bacterial Systems

Imperial Chemical Industries (1977) tested paraquat dichleride in an
assay using S. tyrhimrium strains TA-1535 and TA-1538, with and
without the mresence of rat liver postmitochrondrial supernatant
(PMS) with cofacter (S-9) mix from rats administered phencbarbitol.
Paraquat was also tested using TA-1535, TA-1538, TA-98, TA-100
strains with S-9 mix made from rats administered Aroclar with BMS,
but without cofactor and without S=9 mix. Paraquat concentrations
tested ranged fron 0.16 to 5000 ug. Wehicle controls and positive
controls [N(-2 acetylaminoflucrine (AFF) and nitroflucrene (NF), 2-
(1-chlaro~2-2-isoxropyl-amincethyl) napthalene (CPE), Meclcrethamine,
nitrogen mustard and dimethyl sulfoxide (IMSO)l. The study results
indicated paraguat was not mutagenic under the conditions of the test.

Irwveresk International (1977) tested paraquat dichlaride (99.9%
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pure)' and 2-amincanthracene dissolved in MMSO (positive control) in a

S. imrium assay using strains TA-1535, TA-1537, TA-1538 and TA--
100.” Tests were conducted on agar plates in the presence and absence
of rat liver peparation prepared by treating male rats with Arccler
1254 and the cofactors required for mixed function oxidase
reactions., Paraquat dosages ranged fram 1 ug . to 1 mg per plate.
Paraquat and the positive control chemical (2-amincantiracene) were
not mutagenic when tested without activation. However, when the S.
typhimrrium systems were activated with rat liver cells and co-
factars, 2-aminocanthracene (positive control) was mutagenic. The
results of this study indicated that paracuat was not mutagenic under
the described test corditions (Gregexio, 1982a).

Anderson et al. (1972) tested paraquat using spot tests for its
ability to revert eight strains of S. typhimrium to histadine
independence. Paraquat was described as giving negative results, but
no quantitative data were reported, no metabolic activation system
was used, and the strains used were not specified. FRurthermere,
paraquat did not roduce zones of inhibition of cell gqrowth. It is,
therefare, unclear whether a sufficient number of cells were exposed
to the chemical (Gregario, 1982a).

Benigni et al. (1979b) tested paracuat in a conventional Ames assay
in the presence and absence of a rat liver- extract metabolic
activation system. Paraquat did not increase the number of histidine-
independent revertants in any of the S. %z'o_himurimn strains used
(&A-1535, TA-1537, TA-1538, Ta-98, TA-100), :

Benigni et al. (197%b) also performed a zone of inhibition test using
ultraviolet excision repair-proficient and repair-deficient strains
of S. immrium (TA-1978, and TA-1538, respectively) in the
Fresence *IR absence of metabolic activation. Paraquat at 100
ug/plate caused larger zones of inhibition in the repair-deficient
than in the repair-proficient strain. This suggests that paraquat
caused INA damage reperable by the S. typhimer ium excision repair
pathway. In both strains, the zone of inhibition was larger in the
absence than in the resence of metabolic activation (Gregerio,
1982a). .

Benigni et al. (1979b) tested peraquat in an incompletely validated
forwarded mutation system to detect 8-azajanine (B-AG) resistant
mutants in S. tvphimmrium . The bacteria were plated in agar
containing both paraquat and 8-AG. There was an apparent increase in
the nunber of mutants on the paraquat treated plates. However, this
assay appears to be rather subjective. The authoars stated that
"colonies smaller than 0.1 mm were not counted as mutants.” In
addition, the presence of both paraquat and the selective agent (82G)
on the plates at the same time is of some concern. It is possible
that the two might interact to reduce the effective concentration of
8-AG. This would tend to increase the number of swviving colonies,
Which might not all be true mutants (Gregerio, 1982a).

Fungal Systems

Benigni et al. (1979b) tested the mutagenic potential of paraquat in
the funqus A. nidulans using 8-AG resistance and the induction of
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methionine supresscr mutations. Both test systems were used in
plate incormoration assays and in suspension assays. Positive .
results were cbtained with the 8-AG-resistance system in the plate
incorporation assay; however, this assay suffers from the same
defects as the S. typhimrium assay. The negative results obtained
in the suspension assay suggest that the apparent positive results

' obtained in the plate incorporation assay may have been an artifact,

possibly caused by interaction between paraquat and 8-AG reducing the
toxicity e meventing the uptake of 8-AG (Gregcrio, 1982a).

In the methionine suprressar assay, no mutants were detected in the
plate incorperation assay, but there was a slight increase in
mutation frequency in the suspension assay. The negative results in
the plate inccrporation asay may have been produced because the
plating medium contained none of the required nutrient, methionine.
In "reversion" assays, a small amount of the required nutrient in the
plating medium is often required to allow exmression of induced
mutations (Ames et al. 1975). Benigni et al. (1979b) also performed
an assay designed to detect the induction of recessive lethal
mutations in yeast. BHowever, this assay system has not been
characterized well enough to ensure that the scored recessive lethal
*mutations® were true mutants (Gregacrio, 1982a).

Three studies reprt the ability of paraquat in the form of
CGramoxone® to induce mitotic gene conversion in Saccharamvces
cerevisiae . Gene conversion may be considered as a type of
norrecipocal recambination ghat occwrs in diploid fungi during
mitosis. The mechanism is not completely understood, but it appears
to involve the replacement of a small number of nucleotide pairs fram
the chromosame of the pair, and replacement by the coxresponding
sequence fram the other chromosome. Hence, if the arganism is
hetercallelic at the site of gene conversion, the product of gene
corversion is homoallelic (Gregario, 1982a).

Siebert and lemperle (1974) exposed cells of S. cerevisiae strain

D4 to 1,000 ppm of Gramoxone® for 2 howrs and observed slight, but
not significant, increase in the frequency of convertants to the ade
2 and trp 5 leci. In concurrent experiments with other chemicals,
the corwertant frequency in control cells varies up to 10-fold,
:ug%:sting that this assay may have low sensitivity (Gregerio,

982a).

With a different strain of S. cerevisiae and using 16-howr
treatments with concentrations of Cramoxcne® between 100 and 900 ppm,
Parry (1973) cbserved dose-related increases in convertant frequency
at doses up to 600 pm at the his 1 locus and up to 700 pgm at the
ade 2 locus. At higher doses, the convertant frequencies declined.
The convertant frequencies reached maxima of 820 + 30 in 10

space swrvivars at the his 1 locus with Gramoxope® concentrations
between 400 and 600 ppm, and 2,540 + 110 in 100 survivers at the
ade 2 locus with Gramcxone® concentrations between 600 and 700 ppm.
Although Parry did not repert the results of tests with negative
controls, the positive dose responses and the high frequencies of
corvertants strongly suggest that Gramoxone® induced gene conversion
(Gregorio, 1982a). :

10
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Parry (1977) used a medified ﬂuctuat:.cn test to test for gene
conversion in a third strain, S. cerevisize exposed to paraquat at
doses between 0,02 and 6 uwy/mi, He cbtained results strongly
suagestive of gene conversion at the trp and his 4 loci at
concentrations between 0,02 and 2.0 mug/ml. Tt is likely that gene
conversion caused the positive results, but Parry 4id not
demenstrate unequivecally that gene corversion was induced by
pxraquat (Gregario, 1982a).

Mamalian Studies

Benigni et al. (1979b) performed an unscheduled INA synthesis (UDS)
assay with human emtryonic cells in culture. The cells exposed to
paraquat at 20, 100, 1,000 and 2,000 ug/ml had higher nunbers of
grains per nucleus t.han did control cells. Although the increase in
grains per nucleus with all doses tends to suppert the author's
conclusion that paraquat induced UDS, insufficient detail was
rovided with respect to the experimental proceedwre. UDS is a
reflection of INA repair; therefcre, this apparently positive result
supperts the result of the zone of inhibition test with bacteria. &as
both of these studies, however, contained defects which did not
permit validation, additional confirmation will be required before
any conclusion may be drawn. -

Anderson et al. (1976) conducted a dominant lethal assay with a
ms:.tzve control, three dose levels of paracuat, and 15 male CD-l
mice per treatment aroup. This study revealed no evidence of
daminant lethal mutagenicity of supmression of fertility in mice
receiving paraquat crally 0.04, 0.4, or 4 my paracuat ion/kg/day for
five days (Gregorio, 1982a). .

Pasi et al. (1974) intraperitoneally injected five male Swiss-Webster
mice at 66 mmole/kg (sic). The authors cbserved no significant
reduction in the numbers of implants per mregnancy o increase in the
numbers of early deaths per pregnancy resulting from matings
occwrring diring any of the eight weeks after treatment. The
incidence of mregnancy among females mated to treated males was
significantly lower (p < 0.01) than in the contrel group dwring the
third week after mating (33% versus 80%) and averaged 51 versus 70
percent over the eight week duration. However, the small number of
animals and the relatively low fregnancy rate, even in the controls,
reduced the sensitivity of the assay so that increases of mcre than
twofold in the number of early deaths per mregnancy were not
statistically significant. No positive control was run to enswre
that the assay system was functionimy properly. Additionally, there
is an obvious errcr in the reporting of the dose of paracquat
administered: 66 mmole/kg, aprroximately 17 g/kg, is about 500 times
the intraperitoneal IDgn. It is mxre @obable that the actual dose
was 66 umole/ky (Gregerio, 1982a).

As indicated in the preceding data summaries, both positive and negative
responses in mutagenic testing systems have been repxrted in the
literature. There is evidence that paraquat does not cause dominant
lethal mutations in mice and dces not induce reversion to histidine
independence in the Ames strains of S. typhimrium . The data suogest
that paraquat may cause reparable INA damage In bacteria, induce farward

11
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mutations in bacteria and A. nidulans induce gene conversion in yeast and

- induce unscheduled DMA synthesis in human cells in vitro . These

apparently positive findings, however, have all resulted fraom studies
which were flawed. The Agency, therefore, cannot come to any conclusion
concerning the potential mutagenicity of paraquat (Gregorio, 1982a)

The Agency will require that additional mutagenic testing be performed by
paraquat registrants. ’

F. Lack of BEmergency Treatment

40 CFR 162.11(a)(3)(iii) mrovides that a rebuttable mresumption shall
arise if a pesticide has "no known antidotal, palliative or first aid
treatments for amelicration of toxic effects in man resulting from a
single exposwre.” The Agency, in considering this criteria, evaluates
not only the simple mresence o absence of an antidote o first aid
treatment, but must also consider the mechanism and potential for
exposwre. The Agency's Resticide Incident Monitaring System (PIMS) has
indicated that death due to paraquat poisoning can result from either
cral o dermal exposwre. These two exposure routes, therefore, firm the
principal basis of Agency concern. The Agency has evaluated available
case histories and treatment regimes and has developed the following
analysis:

1. Cral Exposure

The PIMS remcrts indicate that the majority of the poisoning
incidents involving paraquat;have resulted from the purposfull
ingestion of the chemical in apparent suicide attempts. Case
histories from accidental poisonings indicate that varing amounts
of paraquat are lethal (a sip to several mouthfuls), death is
generally caused by pulmonary insufficiency, and accidents are
frequently the result of starage in unmarked bottles.

The cirrent emergency treatment for paraquat has been directed at
eventing abscrption, promoting rapid- excretion and modifyima
possible tissue effects (Cavalli and Fletcher, 1977). This treatment
is based on the following criteria (1) ingestion of less than 50 ml
of paraquat, (2) treatment is initiated within 24 hours of imgestion,
and (3) treatment consists of the following:

o induced vomiting
o xiministion of clay absorbents

o &dministration of cathartics

0 perform hemodialysis, peritoneal dialysis o forced
diuresis.

An analysis was conducted on the available case histcries which
complied, in part, with the Cavalli and Fletcher criteria. Sixteen
cases were screened from the literature which were treated with

the recamended criteria (ingesting 50 ml o less, treatment within
24 howrs and at least one of the suggested accompanying treatments).
As shown in Table 1, adherance to the treatment regime resulted in
an 81 percent swvival rate (13/16).

S 12
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_ TABLE 1
HUMAN EXPOSURE -~ ORAL ROUTE

Dose Time Treatment Type Outcame Re ference
B o . . .. tO ° . = . : w - . = . o, & .
Treatment I II II1 IV V VI VIII
2 <2 hr. X S Ander son,
mouthfuls 1970
om <2 hr. X ] Douglas
et ey
1973
1 9-24 hr. X X S Dowlas
mouthful et al.,
1973
SOm 24-48 hr, X X X S Duze et
et oy
1975
1 24-48 hr. X X S Eliahou
mouthful , et al.,
1973
30 ml <2 hr. X X D Farr,
1977
50 ml <48 hr. X X S Crabe ’
_ 1974gsee
45 ml <2 hr. X = X S KRerr et
al oy l
1968
<20 ml >48 hr. X S Laithviaite,
1976
20m <2 hr. X X X S Mahieu et
: al-,z
1977
Treatment type: I Fuller's earth S = Survived
II PBentonite D = Died

II11 Gastral lavage

IV  Induced Vamiting

v Forced diuversis

VI Peritoneal dialysis
VII Haemcdialysis

1/ Steroids/Immunosuprressants, Antibiotics

2/ Steroids/Immnosuptressants, Cytotoxic Agents
3/ Antibiotics

4/ Cytotoxic Agents

5/ Cytotoxic Agents, D~Propanol .

8/ Activated Charcoal

SYNG-PQ-01796380
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TARLE 1 - Continued
HUMAN EXPOSURE - ORAL ROUTE

Tose Time Treatment tyre Dutcame Re ference
to Type
1 .- Treatment - I II III IV V VI VIIT -
Tl 3-8 Ir. X D Master son
& he,
| 19707
30m 2. X X X S M:Ccnxack,
A 1976
: 10 gm <2 hr. X X s McDonagh &
; . Martin'
v 1970
: 10 ml >48 tr. X X s Pasi & Hine,
i 1971
] 1 2. X D Qreopoulos
l mouthful et ag..
1968
Idm Q. X X X X X X S Themas
. et a%.,
! 1977
i Treatment type: I  Fuller's earth S = Survived

1 II Eentonite _ D = Died
: IITI Gastral lavage =

IV  Induced Vamiting

\' Forced diversis

VI Peritoneal dialysis

VII Haemcdialysis

1/ Steroids/Immunosupressants, Antibiotics

2/ Steroids/Immunosupgressants, Cytotoxic Agents H
3/ Antibiotics

) 4/ Cytotoxic Agents

; B/ Cytotoxic Agents, D-Propanol

8/ Activated Charcoal
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P TP

- — s oiden

SYNG-PQ-01796381



AT T

el b At i e e

T T

PSPy

= P it

L —— — —— — — — — o — ——————— — ——

"It should be noted that the Agency, on April 14, 1982, issued an

2.

G.

exemption from tolerance for 2 amino-4,5-dihydro-6-methyl-4~popyl- S
-triazolo(l,5-alpha)pyr imidin-5-one in raw agricultural
comcdities. This compound is for use as an emetic at not mxe than

0.1 percent. in formulations of paraquat dichlaride. The added emetic

will rapidly induce vemiting, thereby, lessining absorption time and
exposure.

Dermal Exposwure

The available case histcries resulting from accidental dermal
exposure (see Table 2) demonstrate that paraquat can be
percutaneously absorbed in amounts sufficient to cause death.
Although the reporting of fatal paracquat dermal absarption cases was
inadequate, the reports did indicate that accidental application of
"large amounts” to the body will initially result in scres and burns
of the exposed area and subsecquent pulmonary insufficiency. In
addition, nail damage (bands of white discoloration a camplete nail
loss) resulted in instances where no mrecautions (i.e. rubber gloves)
were taken while diluting paraquat concentrates.

Nore of these reported cases can be analyzed by the mreviously
Gescribed Cavalli and Fletcher criteria. The significance of the
treatment, therefcre, cannot be established (Gregario, 1982a).

Inhalation Exposwe —
No cases of acute inhalation toxicity resulting in human death have

been reported. The Agency, therefore, has not considered the need or
adequacy of emergency treatments in relation to inhalation exrosure.

Acute Toxicity

40 CFR 162.11(a)(3)(i) provides that a rebuttable pesumption shall
arise if a pesticide "(A) Has an acute dermal LD, of 40 m/ky @
less as formulated; o (2) Has an acute dermal ‘350 of 6 g/l o
less as diluted for use in the form of a mist o Spray; (3) Has an
inhalation I[Cgq of 0.04 my/liter o less as formulated.”

The Agency has reviewed numerous papers dealing with paraquat's acute
toxicity. Paraquat administration has been demenstrated to cause
lung effects in experimental animals by aral, dermal and inhalaticnal
routes. These toxic effects have been seen following both acute and
subchronic administratien,

Studies reviewed by the Agency and determined to be germaine
are discussed below, categorized by study type (i.e. route of
administration):

1. Acute Cral Toxicity

The results of animal studies on the acute cral toxicity of
paracquat are sumnarized in Table 3. Although the data show
variation in the reported values, the LDgy results indicate a
very high acute aral toxicity. These stidies demonstrate that

13
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. . TABLE 2
HUMAN EXPOSURE - DERMAL ROUTE

] = & Treatment . Treatment g . - -
: Dose time type Qutcame Reference
i l1 2 3 45 6 7 8 9 10
! ] 48 I, X S Barber,
; 1971
: } U >48 hr. X D Bimns,
; 1976
i U U : X S Dobbelaere &
i Bouffioux,
1974
' u >48 hr. X X X D Jaros et
al., 1978
|8} 8] X S Saman &
: Johnston,
} 1969
: u. u X s "
U u X S "
] U >48 hr. X D Waight &
Wheather,
1979
U >48 hr., - X D Weston et
al., 1971
U >48 hr. X S Withers et
: al., 1979
i
!
i = Unspecified
= Fuller's Earth
; Bentonite

Gastric Lavage
Induced Vomiting
Forced Diversis

- Peritoneal Dialysis
- Bemcdialysis

- Steroids

- Antibiotics

0 - Unspecified Treatment

=0 -JAU &WN - (o]
]

— e bt = e
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TABLE 3

ACUTE ORAL TOXICITY

P

Animal  Sex Material LDz, (PQ ion) " Re ference
~ SD-Rat M Qrtho Spot Weed 106 (68-164) ma/kg Chevron Chemical
and Grass Killer (Lungs Consolidated) Campany, 1969
SD-Rat F Crtho Spot Weed 82 (71-%4 mg/k3) Chevron Chemical
and Grass Killer (Lungs Consolidated) Company, 1969
SD-Rat M/F Crtho Spot Weed No deaths, signs of Rittenhouse,
and Grass Killer toxicity, gross path- 1978
ology at SN mg/kg
(14-day observation)
Rat F 99% Pure Ry 112 (104-127) mg/kg Clark, 1965
Dichlor ide (Lungs Consolidated)
Rat F Pg Dichlearide 150 my/kg Clark, 1965
SD-Rat M By Dichlaride 126 (102-156) mg/kg Mxray and
(Lung hemcaxrhage, Gibson, 1972
fibrosis; liver
kidney tubular
nef¥osis)
SD-Rat M Pa Dichcleride 15 (90-150) my/kg Sharp et al.,
1972
Wilson Rat M By Dichleride 95 (79-114) my/Kg Sharp et al.,
1972
Monkey - Ry Dichleride - 50 my/kg (tubular Mrray and
necrosis in liver, Gibson, 1972
kidrey: lug
fibrosis)
Rat F 99% Pure Ry 141 (140-142) my/kg Clark, 1965
Dime thosul fate (Lung Consolidation)
Rat F 99% Pure R 112 my/kg (21-day Clark, 1965
Dime thosul fate cbservation)

SYNG-PQ-01796384
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TABLE 3 - Continued
ACUTE. ORAL TOXICITY

Animal Sex Material LDg, (PQ ion) Re ference

Rat F @ JF-1824 127 my/xg Clark, 1965

- Rat F JF=-1824 (with 150 mg/kg Clark, 1965

swr face active
. agent)
Rat F Paraquat ITS 120 m/xg Clark, 1965
Sherman M/F Paraquat . 100 my/kg Kimtrouwgh and
Rat Gaines, 1970

SD-Rat M Paraquat 189 (90-398) mg/kg Rittenhouse,
(Slope was 1.7 1978
(0.73_3.8]

SD-Rat F Paraquat 125 (62-251) my/kg Rittenhouse,
[Slope was 2.0 1978
(0.93-4, 2]

SYNG-PQ-01796385
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paraquaé roduces a very steep dose-response cd:ve iridicatin;
that the range of doses poducing 0-100 percent mertality is very

" narrow (Gregerio, 1982a). ) .

The repcrted toxic signs were hyperexcitability, uncoardination
and, in some repexrts, convulsions. The majar target argans e

" . ‘the lungs, kidney and liver.

2.

The Agency does not routinely take regulatcry action based uron
the acute cral toxicity of any pesticide, other than to enswe
proper labeling, use restrictions and packaging. Quxrent
paraquat labeling is consistant with Agency requlations governing
warnings and precautionary statements (40 CFR 162.10(h)) and with
those regulations governing use classification [40 CFR
162.11(c)].

Acute Dermal Toxicity

The results of animal studies on the acute dermal toxicity of
paraquat are sumarized in Table 4. The data indicate a moderate
to severe acute dermal toxicity (Toxicity Categary II o III) (40
CFR 162.10(h)(1)(B)].

The repcrted toxic signs were salivation and skin erythema; the
major target crgans were the lungs, kidney and liver.

Acute Inhalation Tox icity"-

Gage (1968) exposed Rats (4 animals/sex) to varying
concentrrations of paraquat (purity unspecified) for a sirgle 6-
howr exposure pericd. Apmroximately 90 percent of the particles
were 2.4 microns in diameter. The results of the study are
sumarized in Table S.

Pathological examination of the survivars of the 4.8, 13.7 and
32.5 ug/liter exposires showed comngested lungs with occasional
petechial hemarrhages. Histopathological examination of these
animals demonstrated congestion and an increase in the number of
polymerphs and histiocytes around the bronchi and vessels. In
addition, the kidneys of these animals were pale and showed
clowdy swelling. No other details were given as to the
pathology/histopathology of other animals. These results sugest

In several varying short term exposwe trials utilizing varying
particle sizes, Gage demenstrated the effect of particle size on
lethality (See Table 5a).

IBT (19643) determined an ICgy value for rats (4 animals/sex)
exposed to paraquat ( mspeci%md famulation). Particle size was
repcrted to be within a 0.5 to 3 micron ramge. Exposure was far
4 howrs. The ICgy value Gerived from the study results was
rercrted as 6.4 mg/liter, well above that l‘.Cs established by
the Gage stuly. This study, however, in addition to being an
unvalidated Industrial Biotest study, has been found deficient in

14
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TABRLE 4

ACUTE DERMAL TOXICITY

Animal Sex Material .

.lt-Dso' ﬁ xcn)

Refere_nce

~Fabbit _'- ~Crtho Spot Weed
- and Grass Killer

Rabbit M Qrtho Spot Weed
: and Grass Killer

Rabbit M Qrtho Paracquat

Rabbit M Ry Dichleride

Rabbit - Paraquat LTS
(with spreader)

RatM/F M/F  Spray
concentrate

— mmn e s ona —— —— s em = spe o o soe

1 animal died on day-
14 at 5 g/k3 (Mo gross
patholagy in surviving
animals)

No deaths, gross

patholoegy at 5 g/kg
(l4-day observation)

174 (80-376) my/kg
(lung hemxrragic;
grainy livers, soft
kidneys)

No deaths at 480 mg/kg
(mild erythema; animals
wearing plastic collars
to event cral )
imgestion)

23fFmg /g (lung com—
gestion, pale kidneys)

80 my/kg

o reth e eeeme ®imnth S e &l a4 oA c—— - ———

Chevron Chemical
Compeny, 1962

° Cavalli, 1969

Bulleck, 1977b

McElligott and
Swanston, 1966

McElligott, 1965

Gaines, 1968

SYNG-PQ-01796387
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. Table 5
ACUTE INHAIATION TOXICITY
Gage, 1968
. PO Concentration Mcrtality
(ug/liter) Males Females
32.5 2! 1!
13,7 4 4
4.8 31 “ 22
2.6 3-l 21
1.5 ’ 3 1
1.3 2 4
0.75 0 (at 15 days) O (at 15 days)
0.4 0 (at 20 days) 0 (at 20 days)

1/ Survivers were juiged to be in poor condition and were killed
fcr autopsy

‘l
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TARLE Sa
‘ACUTE INHAIATION TOXICITY

ad A 4 e e o A o e

PPN A I VDU SR ISR SV SV DR T PEEEREE R S O

s Boras

ROV

it Bt e s

Gxye, 1968
Particle Size Time PQ Concentration R M tality

{u) _— () - ‘(w/liter)" (#animals died/
$animals tested)

2.5 - 2.0 3.3 4/4

2.5 2.0 2.77 4/4

2.5 2.0 2.40 0/4

10.0 2.0 9,80 3/4

2.5 1.0 3.1 .0/8

2.5 1.0 2.1 0/4

2.5 1.0 1.1 0/4

10.0 1.1 9.0 ’ 0/4

SYNG-PQ-01796389
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the reprting of results. Additionally, the test substance was
not adecuiately idantified l(&ﬂmrrin 1982a).

12 S T = L e

The Agency, based upon its finding that both available acute
inhalation toxicity studies are inadequate and that considerable
disparity exists between the repocrted test results, has
determined that insufficient data are available with which to
rovide a definitive conclusion. The Agency will, therefore
require the submission of additional data relative to paraquat's
acute inhalational toxicity.

4, Fye Irritation

The results of animal primary eye irritation studies for paraquat
are sumarized in Table fA. Although the data show variability,
it indicates that paraquat is a moderate to severe eye irritant.

S. Dermal Irritation

The results of animal studies conducted to assess rimary dermal
irritation potential are sumarized in Table 7. The data
indicate that paraquat is a moderate to severe skin irritant.

6. Sumary of Acute Toxicity Data

As evidenced by the acute toxicity animal data, peracuat has a
very steep dose-responsecurve which indicates that the range of
doses which roduce 0-100 rercent mertality is very narvow (small
increases in the doses resulted in large increases in response).
Death usually cccurs within ten days of exposure as a result of
intraalveolar hemcxrrhage. Animals which die within 24 howrs of
dosing show no remarkable pathology. Animals that died within
two to five days of dosing, demonstrate severe lung corgestion,
edema and variable inflammatery infiltrate. Animals that died
within five to ten days show lungs characterized by hemcxrrhage
and fibrosis. (Gregerio, 1982a).

H. Subchronic Toxicity

Although specific 40 CFR 162,11 risk criteria do not exist in relation
to subchronic toxicity data, the Agency reviewed such studies related
to peraquat for potential adverse effects.

1. Subchronic Qral Toxicity

The results of animal subchronic aral tox;clty studies are
sumarized in Table 8.

These data suggest a dietary NOEL of 0.5 mg/kg/day (20 pmm)
pxraquat ion in dogs.

2. Subchronic Dermal Toxicity
Mcmllgott {1965) treated rabbits (3 animals per dose level
with 116, 58, 29, 14.5, 7.25 and 2.8 mg/kg (paraquat cation)

15
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TARLE 6
EYE IRRITATION

Animal Material ~ Dose Results ~ Reference
Rabtbit Cctho Spot weed 0.1 mlL Mild conjunctival Cavalli and
and Grass Killer irritation in 3/6 Hallesy, 1969
(Pg Dichleride .rabbits at 24 hrs;
0.94%) 1/6 at 72 hrs. All
normnal at 72 howrs.
Rabbit Ortho Spot Weed l-second Mild to moderate Bulleck, 1976
ad Grass Killer spray conjunctival irri-
(Pg Dichlaride tation in 6/6
0.94%) rabbits at 24 hrs;
: ncrmal at 72 howrs.
Rabbit Tech. R3. 0.2 m 12-50% showed in- Snow and Wei,
Rydrochlor ide of 6.25 creasing carneal
1008 - damzge; 100% (5/5)
Solution rabbits died.
Rabbit Crtho Paraquat 0.1lm Complete opacity of Bullock and
(3 1b/gal. caxrnea, roughened MacCregoxr ,
Conc.) " ccrnea, necrosis

conjunctivae, pxru-

& lent discharge;

severe chemosis
mild iritis in all
animals.
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TABLE 7
PRIMARY DERMAL IRRITATION

Animal Mater ial Dose Resul ts Re ference
Rabbit Octho Spot Weed 0.5 mi Well confined ery— = Ford and
and Grass Killer thema and slight Ferchini,
edema observed at 1976
T=-days
Rabbit Crtho Paraquat - Slight to severe Bulleck and
(3 1b/gal conc.) erythema and slight McGregexr, 1976
edema )
Rabbit CGramoxone (25% 0.1,0.5, 1o irritatim- Fodres et al.,
Paraquat) 1.0,2.5, cbserved in animals 1978

5.0 and
10.0%

-with intact skin.
Mild swelling and
erythema in animals
with abraded skin
at 2.5% and higher.

‘l
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as paraquat dichloride on shaved backs. The material was
dried in a stream of warm air and the site of application
covered with light gauze and after 24 howrs, washed with warm
water and gently dried on 20 consecutive days. Groaming was
revented by wearing plastic collars. After final treatment,
surviving animals were cbserved for 14 days without

" restraining collars, ' -

The skin was affected at all dose levels except the 2.4 my/kg
dose, and histologic chamges consisted of parakeratosis and
occasional intraepidermal pustules. Animals receiving 14.5
mg/kg and higher, exhibited respiratcary distress, extreme
weight loss (30-40%), gastric hemarrhage and kidney damage
(degenerative charges in the renal proximal convoluted
tubules). Post mxrtem showed congested lungs with thickened
alveolar walls and polymcrph infiltrate. Deaths were as
follows: 0/3 at 2.8 my/kg;: 0/3 at 7.25 my/kg; 2/3 at 14.5
and 29 my/kg; 3/3 at 58 and 116 mg/kg.

The conduct of the study (removal of restraining collars)
along with the severe weight loss causes speculation that the
annimals were licking the treated areas and causing
ulceration in the aral cavity therefcre not permitting the
animals to eat. With these considerations a NOEL cannot be
established from this study (Gregerio, 1982a).

McElligott, in the sgcond phase of the above cited trial,
dermally treated rabbits (3 animals/sex) with 2.4 mg/kg
(peraquat cation) as paraquat dimethosulphate (JF 1824) en
shaved backs in the same manner as described above.

Lungs showed mild congestion and histological examination
revealed mild thickening of alveoclar walls and
polymer phonuclear leukocytes.

T . A A NOEL cannot be established due to possible cral
contamination as discussed and explained in the above study
(Gregario, 1982a).

In a separate study, McElligott and Swanston (1966) dermally
treated rabbits (3 animals/sex/dose) with 192, 96, 48, 24 and
0 my/ky peraquat cation as paraquat dichloride on shaved.
backs. The material was dried in a stream of warm air and
gite of the application covered with light gauze and after 24
howrs, washed with warm water and gently dried on 20
consecutive days. CGrooming was pevented by wearing plastic
collers throughout dosing and the 14 day observation pericd.

Local erythema and hyperkeratosis with some necrosis was
cbserved at all dose levels. Animals at the 192, 96, and 48
my/k3 doses showed some weight loss (10-20%), which was
explained by the investigatar as "this may have been due to
the large amownts of paraquat on the skin with the escape of
paraquat in dust and squames with subsequent cral
contamination.® Microscopic evidence of renal damage was
cbserved in all the animals at the 192 mg/kg dose, but only

16
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. . . TABLE 8
SUBCHRNIC ORAL TOXICITY

Animal Sex Material NOEL (PQ ion) LEL (PO ion) Reference
Rat F By Dichlaride  Nonel/ 1/ Rimtrough and
(90-day) Gaines, 1970
Teagle oy M/F Technical PQ 0.5 my/kg/ 1.5 mf / “Sheppard, 1981
(90-day) (32.2% w/w FO day kg/day=
cation)

Y Areas of fibtrosis were identified in all swrviving animals, lowest dose
tested was 9 mg/kg/day.

2/Beagle dogs (3 animals/sex/dose) vere fed 0, 7, 20, 60 and 120 PPM of
paraquat in the diet for 13 weeks. There were no distinct charges in the
hematological, clinical chemistry o winalysis. Respiratery rasping was
cbserved in 4/6 animals at the 120 PPM dose, however no other evidence of
respiratcry distress were described for any other dose level. The results of
the necropsy showed large lung lesions, described as grey and red deressed
areas involving several lobes (imvolving 10-100% of the affected lobe) in the
60 and 120 PPM dose groups. Small focal charges were od<erved one female
(control group) and cne male (20 group). PHistopathological the lung lesions
seen in the 60 and 120 groups were cla&sified as alveolitis (inter-stitial
hypercellularity, and alveolar collapse). Pale swollen segments of cortical
tubules were seen in male (60 group) and one female and one male (120 group).

SYNG-PQ-01796394
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males receiving 9 mg/kg. Penal changes described as "clowdy
- swellings” was reperted at the 48 -my/kg dose. Lung

examination was described as follows:"™ in all animals there
was an interstitial pneumcnitis of varying intensity,
characterized by peribronchial lymphoid hyperplasia, and

" swollen hypercellular alveolar walls in which macrorhages ..

" were conspicuous.® This was seen even in the control

animals.. A NOEL cannot be established due to a respiratery
disease within the entire rabbit colony (Gregerio, 1982a).

-

3. Subchronic Inhalation

Hardy et al. (1979) exposed rats (whole hody) to aerosolized
paraquat ion for six hows/day, five days/week, for three
weeks (total of 15 exposwres). The dose levels were as
follows: Qroup 1 consisted of 32 rats per sex exposed to 0
paracquat as a control; Group 2 consisted of 36 rats per sex
exposed to 0.0l ug paraquat ion/liter; Group 3 consisted of
36 rats per sex exposed to 0.10 ug paraquat ion/liter; Group
4 consisted of 36 rats per sex exposed to 1.00 uy paraquat
ion/liter; and Group 5 consisted of 16 rats per sex exposed
to 0.50 uy paracuat ion/liter. The 1.00 ugy exposure group
was aborted following .a single exposure due to 79 percent of
the animals having died from respiratary exposure. Group 5
was subsequently added as a replacement for the abarted Group
4,

All the animals in CGroup 1, 2, 3, and 5 suvived the exposwre
time. At the 0.5 and 0.1 ug/liter dose groups, a few animals
had brown staining around their noses and/axr txrown nasal
discharge, lasting for 1-2 days following the first exposure;
no clinical symptoms were observed in the 0.01 ug/liter
group. The following pathology was repoxted:

Dose (ug/liter) Description of Effects’
0.01 No effect
0.10 16 rats showed squamous keratinising metaplasia

and/axr hyperplasia of the epithilium of the larynx
after 3-week exposwre.

These changes were cbserved in 11 rats after 2-week recovery pericd.

0.50 1) Focal ulceration of the pharynx in 2 male rats
after 3-week treatment.

2) All rats showed areas of ulceration and acute
inflamatcry cell infiltration of the larynx
after 3-week exposwre. No ulceration @

_ necrosis was cbserved in the rats after a 2-
’ week recovery pericd.

17
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- 3) Aggregations of foamy macrophages, thickening
o " of the alveolar walls were observed in rats
exposed for 3-weeks. These changes were still
observed after a 2-week recovery period, in
axition, distribution of kxronchioclar
epithilium adjacent to macrophage aggregations
was noted. '

1/ Tissues other than the respiratery tract were not cbserved.
The indicated NOEL is 0.0l ug paraquat ion/liter.

CGrimshaw et al. (1979) exposed rats (whole body) to
aerosolized paraquat ion for 6 howrs/day, 5 days/week for

3 weeks (total of 15 exposwres) at concentrations of 0, 0.01,
and 0.1 ug/liter. The generated particle size was 2 u. The
results fram this repeat study are identical for the 0.0l and
0.1 ug/liter dose levels described in the experiment done by
Hardy et al. (1979). The indicated NCEL is 0.0l ug paraquat
ion liter.

Watt et 31 (1979) instilled paraquat dich.lc_:gide (leEercent
pre) @ “H-pxraquat in concentrations of 10 ~ to 10
directly into the left lung lobe ogsmale Alderly Pxrk
(Wistzr) rats. Instillation of 10 ° g of paragquat in 0.1

ml of saline resulted in macroscopic damage ot the left lobe
within 24 howrs aftexzdosing. Aproximately 50 percent of
each left lobe was damaged, and the damage increased with
time. At 72 howrs, the left lobes of all treated rats were
plun-colcred and of a jelly-like consistency. 'Ihe_61esicn was
much less extensive in the group that received 10 ° g of
paraquat & less and did not increase in severity between 24
and 72 howrs. ‘

Instillation of 107> g of paraquat increased wet weights

(of the left lobe) ower time. Wet weights in treated animals
were significantly heavier than controls at 24, 48 and 72
howrs (p < 0,01). This wgs also true at 48 and 72 howrs for
the rats treated with 10 =~ of paraquat. !gacbangeglan lung
weight were noted after instillation of 10 = o 10 g
paraquat.

Thig stuly demcnstrated that instillaticn of 107 o

107~ g of paraquat into the lung lobe of the rat causes
macroscopic and microscopic lesions and increased weight.

The results indicate, as indicated in other studies, peracuat
does affect the lung (CGregario, 1982a). '

Kimtrowh and Gaines (1970) found that intrabronchial
injections of paraquat (marked with India ink) induced lung
fibrosis and epithelial proliferation at a dose of 0.05
my/ky. Direct intrabronchial injection of paraquat produced
pulmonary edema, congestion and intraalveolar hemarrhage.

Laird et al. (1979) determined by radicamuncassay the
paraquat concentrations (u3/g wet weight) in rat lungs

18
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fc_a’llqwi.ng the S5th and 15th inhalation exposures to

H =-paraquat. At a dose level of 0.0l ug/liter the lung
concentrations averaged 0.11 + 0.12 uq/g following the

Sth exposure and 0.09 + 0.13 ug/q following the 15th
exposure. A concentration of 0.0l + 0,10 ug/g was cbserved
following a one day recovery pericd. At a dose level of 0.10.
uwy/liter, the lung concentrations averaged 2.08 + 0,46 vg/g
following the S5th exposure and 1.66 + 0.35 ug/g Tollowing the
15th exposure. Concentrations at one, two and three days
into recovery were 1.34 + 0,24, 0.65 + 0,09, and 0.35 + 0.12
ug/liter respectively.

These data indicate that paraquat dces not accumulate in the
luxgs between the Sth and 15th exposwre, and that paraquat
disaprears after termination of exposwre (Gregario, 1982a).

Conclusions on Subchronic Toxicity

The available subchronic cral, dermal and inhalation data indicate
that paracquat has an effect on the lurg.

In an adequate subchronic feeding study in dogs (Sheppard, 198l1), the
NOEL is 20 pmm (0.5 my/%g/day) of paracuat ion. The lung effects
seen a* doses of 60 (1.5 my/kg/day) and 120 pmm (3.0 my/k3/day) doses
were alviolar collapse.

In several inadequate subchrogic dermal studies using rabbits, a NOEL
cannot be established (See Subchronic Dermal Toxicity for details).
Hovever these studies do suggest that paraquat abscrbed through the
skin can result in lung effects described as thickening of the
alveolar walls and corgestion.

In two supplementary subchronic inhalation studies using rats, the
NCEL is 0,01 ug paraquat ion/liter (0.00145 mg/kg). The repocted lung
effects were irritation of the nasal passages and larynx (0.1
uy/liter) and alviolar wall thickening with aggregatious of foam
macrophages (0.5 ug/liter). Both these studies were conducted with a
generated particle size or 2-3 microns, therefore, these studies
simulate a situation where the generated paraquat is 100% respirable.

.Other rat studies (Gage, 1968) suggest that paracuat generated at

coarser size (10 microns) is not as respirable (Gregerio, 1982a).
I. Fish and wildlife

Al though the Agency did not specifically address fish and Wildlife
concerns when identifying paraquat as an RPAR candidate (43 FR 30613),
the subsequent comprehensive scientific evaluation of paraquat data
revealed potential adverse effects. The findings of the Agency review
are presented below:

1. Acute Toxicity to Aquatic Qrganisms
40 CFR 162.11(a)(3)(i)(B)(3) prowides that an RPAR risk
criteria shall have been met should a "maximum calculated

concentration following direct application to a 6-inch layer
of water (result in) mere than 1/2 the acute ICeq for

19
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aquatic crganisms representative of the arganisms iikely to be
exposed as measured on test animals specified in the
Registration Guidelines.”

The acute toxcicity of paraquat to fish species was evaluated
by the Agency (US EPA, 1977 & 1979a) in studies utilizing
Crtho Paraquat CL Concentrate containing 29.1% active

- ingredient. The 96-howr ICg, values for bluegill( Leromis

macrochirus )and rainbow trout( Salmo gairdneri )were found to
be 156 (68-356) and 29 (20-41) ppm, respectively. These data
demonstrate that 29.1 percent paraquat is slightly toxic to
certain species of fish, but that the toxicity range falls
below that which might cause critical concern by the Agency.

vheeler (1978) studied the toxicity of technical paraquat
dichleride (92.3%) to lst instar Daphnia magna . The 48-howr
ICgy was reported to be 1.2 (0.67-2.2) pm. In a study
ccngucted by the Agency (US EPFA, 1979) the 48-howx ECe for
29.1% paraquat dichloride was found to be 8.0 (3.4-1827) ppm.
These data indicate that paracquat is mcderately toxic to a
representative aquatic invertebrate species (Stevens et al,
1980).

Benjits~Claus and Persoone (1975) studied the effects of a
comercial brand of paraquat, Gramoxone (200 g. active parts
per liter), with and without wetters (Lissapol NX and Ethomone
525) on larval develogment, mortality and the number of molts
of an estuarine mud crab (Rithro reus harrisii) at
concentrations ranging fram 0.1 to 1000 peb. The EDgq's
(pre=crab stage) over a 20 day periocd are reported as 0.86 prb
for paracuat without wetters and 4.6 ppb for paracuat with
wetters. The effects of paraquat on larval development became
significant at 10 prb with a delay of 3.09 and 5.76 days

respectively for paraquat with and without wetters (Stevens et
al., 1980).

No data were lecated with respect to paraquat's potential
acute toxicity to aquatic insects.

In addition to labcratery studies, the Agency reviewed several
field studies and incident remxts relating to paraquat
toxicity to aquatic crganisms. Yeo (1967) treated six
reservoirs in Califcrnia with paraquat (unknown formulation)
at concentrations ranging up to 2500 ppb. Additicnally, ten
plastic growth pools were treated with 1000, 2000 .and 3000 ppb
paraquat. Dissipation of paraquat in the reservoirs 24-hours
post treatment averaged 73% among all concentrations. Certain
of the acquatic weeds in the reservoirs were controlled
adequately with paraquat. In the growth pools, treatment with
paraquat did not appear to significantly affect the number of
green sunfish (Lepomis cyanellus) o smallmouth bass
(Micropterus dolomieui). The condition of the fish in the
reservoirs was not, however, repxted.

-~

In two lake exreriments at Oxton, Nottinghamshire, BEngland
(Way et al., ?), in which a camercial formulation of

20
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paraquat [Gramoxone JF 1341 (20% a.i.)) was applied at 0.5
mg/1, there was reportedly excellent control of many auatic
plants without any apmreciable adverse effects to sume 16
species of invertetrates. It was additicnally repcrted that
neither fish nor breeding birds in and around the lakes

appeared to suffer obvious changes in.species composition cr
population density during the 22-week post-treatment
‘ohservation pericd. Water and mud samples were taken up to
32 days and 110 weeks, respectively. The residues in water
fell rapidly over the first 48 howrs and were not detectable

- (0.01 ppm) by the sixteenth day. Mean residues in water were

0.31 pem, 0.16 ppm, 0,12 pam and 0.045 pem after 1, 2, 4 and 8
days.

A gradual accumulation of paracquat residues in mud samples
was reported fraom cne lake. Generally, residues in mud showed
a logarithmic increase over the first fowr rost-treatment days
(1.23, 2.42 and 7.82 ppm for 1, 2 and 4 days, respectively)
followed by a slower increase up to the 32nd day (11.24 pmm).
Thereafter, there appeared to be a slightly mecre rapid
increase to 197 days (17.68 ppm) followed by a loss to a cne—
year post-treatment level of 7.95 ppm). The first two
pericds coincided with the collapse and disintegration of
plant material. Paraquat residues appeared to accumnulate in
weed tissues (25.5, 38.3 and 27.8 ppm at 2, 4 and 32 days)

up to eight days at which time disintegration took place and
residues appearently began settling out to the bottom (Stevens
et al., 1980).

Mewman (1966) reported satisfactory weed control in several
types of aquatic erwiromments (drainage canals, larger
canals, and lakes) treated with up to 1 mg/1 (unknown
farmulation). Severe deoxygenation occurred in one lake that
was treated wholly. Another lake that was partially treated
had no apparent serious deoxygenation. No major direct
effects on any of the various groups of-invertetrates sampled
were evident in the study (Stevens et al., 1980)

Earnest (1971) studied the effect of paraquat on fish in a
Colerado farm pond. Paraquat (2 1b a.i./gal formulation) was
applied to a 0.44 acre pond at 5.4 gal to achieve a desired
concentration of 1.14 pon. Five months before treatment, 150
bluegills and 100 rainbow trout were released into the pond to
add to an already existing population of green sunfish. Fifty
bluegill were added to the pond three weeks hefore treatment,
and 350 each bluegill and catfish were added five days befare
treatment. Five days wiar to treatment an additional 250
bluegill and 150 catfish were placed in live-cages. Residue
analyses were conducted on 10 green sunfish exposed to 1.0 mm
paraquat for 4, 8 and 16 days each and on samples of mud,
water and algae.

The results indicated the bluegill to be the mxre sensitive
of the fish species tested. At least 34 percent of the 400
free swimming bluegills died within 48 howrs; 67 percent of
the 250 bluegills in the live-cages were dead the day after

21
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treatment. One trout and 25 catfish were found dead at

- various times which seemed to coxrrespond to pericds of low

dissolved oxygen (D0) (1.8 prm bottom and 4.0 ppm surface).
O fell from aprroximately 7.0 pmm overall to 7.0 pmm at the
suwface and 5.0 ppm at the bottom one day post-treatment.

_This is the time pericd (1-2 days after application) when most

of the mortality occurred. Most mortality seemed to occwr in

- the live cages, but their locations with respect to bottom o

surface was not specified.

Paraquat levels in fish, one day post-treatment, ranged fram
0.58 ppm in green sunfish to 1.86 ppm in rainbow trout.
Residue levels in bluegills reached a maximum of 1.58 pmm
after eight days and then declined. The acuatic vegetation,
Chara and Spirogyra , were regor tedly controlled
effectively. Paraquat residues were concentrated up to 2300
prEm in the plants until they disintegrated. Residwes in water
were highest (1.52 ppm bottom) three howrs after treatment.
The residwes fell off rapidly following the three how high
concentraton. Paraquat was mcre persistent in mdd. The
residue concentration reached a maximum level of 15.9 ppw
after 16 days and was still fairly elevated (3.0 ppm) at 99
days (Stevens et al., 1980).

Treatment of drainage ditches with paraquat at 0.6 ppm caused
a marked but temporary decrease in the numbers of plankton o
protist crganisms (Hewyss, 1972). All populations recovered to
[re-treatment levels in about two weeks.

In a study concerning the effects of paracuat on invertetrates
in a New Zealand stream, paradquat was applied at 2 pmm a.i.
for 30 minutes, adjusting for stream flow and delivery rate
(Burnett, 1972). Irift-net samples showed significant (2-8X)
numbers of amphipods dwring the first 2.5 howr pericd
following application, indicating a direct toxic effect.
Irift-ret samples for six other invertetrate species did not
show significant changes. Surber samples cne year later
showed increased numbers of invertebrates in the stream,
particularly Trichoptera. Brooker and Edwards (1974) repoxted
that paraquat (Gramexone S and W) applied to a reservoir at 1
mg/1 eliminated the angiosperms. Plankteonic invertebrates
were either eliminated or survived at lower densities. Many
irwertebrates which intimately asscciate with amgiosperms
(Trichoptera, lepidoptera, Gastropoda) were eliminated ar
colonized the replacement arowth of Chara globularis at
reduced densities. The authars attributed the reduction in
invertetrates to the destruction of plants, particularly
argiosperms, and not to the direct toxic effect of the
paraquat. This study indicates that changes in community
structure can result from the destruction of macrophytes.
Reductions in populations of some nontarget acquatic

inver tebrates may, therefcre, be expected following paradquat
applications of 1 mg/1 (Stevens et al., 1980).

The Agency has not located any in¢ident data involving
aquatic species

SYNG-PQ-01796400



Toxicity to Terrestrial Wildlife

40 CFR 162.11(a)(3)(i)(B) establishes certain RPAR criteria
in relation to hazards to wildlife. Such critera are exceeded

_ when-a. pesticide "(1) cccwrs as .a.residue immediately

following appllcatzon in or on the feed of a mamalian SRCI.es.'

»rep:esentatlve of the species likely to be exposed to such

feed in amounts equivalent to the average daily intake of such
rexesntative species, at levels equal to o greater than the
acute aral ID., measwred in mammalian test animals as
specified in ?ge Registration Guidelines. (2) Occwrs as a
residue immediately following application in or on avian feed
of an avian species, representative of the species likely to
be exposed to such feed in amounts equ:.valent to the average
daily intake of such remresentative species, at levels equal
to ar greater than the subacute dletary Cen measured in
avian test animals as specified in the Registration
Quidelines."”

40 CFR 162.11(a)(3)(ii)(C) additionally rrovides that a
pesticide may become subject of an RPAR action should
application of the pesticide "reasonably be anticipated to
result in significant local, regional, o national population
reductions in non-target crganisms, or fatality to members of
endargered species.”

The Agency has located and reviewed several studies concerning
both the acute and chrenic toxicity potential of paraquat in
relation to terrestrial wildlife. The Agency's review
findings are sumarized below:

a. Acute toxicity

Beaver:s (1979) determined an acute aral LDgq of
176 (144-213) mg/kg technical paraquat foxr bcbwh:.te
qua:.l. In dletar:y testing (5 days on feed, 3 days off)
values for paraquat (29.1% a.i.) to ring-necked
pheasang mallard and bobwhite were reported to be 1468,
4048, and 948 pmm, respectively (Hill et al., 1975).
These data have been extrapolated to approximate ICeq
values for 100% active paracquat. The calculated IC
caxrespending to the mreceeding species, are 427, 1§93
285 ppm. The extrapolated data indicate that peracuat
is highly toxic to birds based upon the ICe for the
most sensitive species (Stevens et al., 1933).

In relation to mammals, the acute cral toxicity of
paraquat rarges from 35 mg/kg for the Belgian hare
(Gomestic version of the rabbit, Orvetolaqus cuniculus)

to 150 m;/kg for the rat (Newman, 1971). The application
of paraquat 23 lb/gal concentrate to atraded and unabraded
skin of male New Zealand white rabbits induced very slight
to severe erythema (Bullock, 1977b) One rabbit died
(cause unspecified) six days following treatment. The
acute dermal toxicity of paraquat 3 lb/gal concentrate to

23
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rabbits has been determined to be 174 (80-376) mg/kg
(Bulleck, 1977a). Gross pathology included bloody wine,
reduced food intake, reduced pulmonary rates, depressien,
diarrhea, ataxia, comvulsions and collapse.
Histopatholoqy revealed argan abnormalities including
hemarrhagic, edematous lungs, discolared grainy livers,
ard soft vascularized kidneys. '
McElligott (1972) investigated the acute intrareritoneal
(IP), subacute dermal and acute dermal toxicity of
praquat (Gramoxone, 24%) to the albino rabbit. The

. e re
185952 T55" 2517945 m5 Jection e Al ) “deemial
LDg ranged from 4.5 mg cation/ky (6.245 mg ,
dicglcxide/h;/day) by the occlusive technique to over 24
my cation/lg when air drying occurred. A single large
application of 480 mg cation/kg (with restraining collar)
to an uncovered area did not produce mortality and caused
only minor reversible systemic symptoms of intoxication.

A lesser application of 240 mg_cation/ky was, however ,
fatal within 72 howrs when applied heneath an occlusive
dressing. When free grooming was allowed, residual skin
contamination caused severe tongue ulceration and
inability o unwillingness to eat, even after washing the
applied site. It has been thearized that the stratum
corneun can act as a skin reservoir for applied substances
(Stevens et al., }980).

In relation to other terrestrial crganisms, peradquat has
been found to be relatively nontoxic to honey bees
(Atkins et al., 1975). The Agency has not, however,
located any data relative to paraquat's toxicity to other
artiroppds o lower arders. -

Accunulation and Chronic Toxicity

The 2gency has located and reviewed three studies
concerning the chronic toxicity of paraquat to terrestrial
wildlife.

The Eley Game Adviscry Station's study, although lacking
sufficient detail with respect to the experimental design,
repcrted that Gramoxone reduced egg hatch. Pheasant eggs
sprayed at the eauivalent of 1.0 and 2.0 1lb/A yielded
hatching rates of 25 percent and 12 percent respectively.
The control group was reperted to have hatched at a rate
of 48 percent.

Lutz-Ostertag and Fenou (1974) srayed paraquat (unknown
concentration) on chicken and quail eggs to study the
effect on the wogenital tract of developing embryos. The
male emryo gonads were reported to appear small and
exhibited signs of intersexuality (pseudo-feminisation).
The gonads were characterized by having only a small
number of gonccytes due to a mitotic disturbance
(chromosames distributed in a confused manner). Male
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- muellerian tracts were very similar to the female genital
system. In female emtryos, the siz of the owaries was
not affected, but, shape and relief were. Also, very few
gonocytes were rresent in the ovaries.

- - } :  Hoffman and Eastin (1982) determined that paraquat was the
most embryotoxic to mallard eggs of four compounds
tested. In one trial, paraquat was examined at rates
equivalent to 0.5 and 5 1b a.i./A. In a second trial,
three to six gecmetrically graduated concentrations were
used to determine emtryo ICgy values. Treatments
occwred on days three and eight and were carried out in
acqueous emulsion and oil as a vehicle. (bservations were
conducted until day eighteen of incubation. The paraquat
concentrations remaining on each egg immediately after
imersion were within the range of the thearetical
residues expected after spraying at the customary rates
of 100 gal/A for aqueous suspensions and 1l gal/A for
oil formulations.

vt o am to e A, b
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Paraquat in the aqueous emulsion poduced a significant
effect on the swrvival rate for 3-day mallard emxyos.
Mxrtality was reported as 23 and 73 percent at 0.5 and 5
1b a.i./A respectively. Mcrtality (p < 0.01) was
accampanied by reduced growth, a significant decrease in
crown—rump length (p < 0.05) and a significantly large

: incidence of abnogmal swvivers (p < 0.0l enly at high

i rate). When eggs were treated on day 8, 20 percent

: mrtality cccwred at the lower rate and 47 percent at the
: higher rate. BAgain, mertality was accampanied by a

i significant reduction (p < 0.01) in growth and a large

‘ incidence of abnormal swrvivers (p < 0.05) at both
rates. The ICcn values for 3 and 8 day old embryos were
: 1.5 and 2.5 lb a.i./A respectively.

! Paraquat in the oil vehicle had significnat embryotoxic

: effacts at the high rate of application in 3-day embryos
i (p < 0.01, 83% mxrtality). Mortality at the low rate was
17 percent. There were significant effects on growth and
i an inecreased incidence of abnormal survivers (p < 0.05).
vhen treatment was on 8-day embryos with oil vehicle,
there was a reduced growth (p < 0,05) at both treatment
levels and 93 percent mcrtality at the high-rate
(p < 0.01), The ICc, values for 3 and 8 day treatment
emtryos were 0.1 and 0.2 1b a.i./A respectively for the
0il formulatien.

The Agency believes, based mrincipally uron the results
repxrted by Hoffman and Eastin, that paraquat can, under
certain conditions of use, cause significant reductions in
1 certain stages of avian reprcduction. The Agency, in
cooperation with the Chevron Chemical Company, has
evaluated paraquat use and application and has developed
methods by which paraquat's impact may be significantly
lessened. A discussion of those measures agreed upon by

25
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both the Agency and Chevron Chemical Campany is contained
within the conclusions section of this document.

Field and Incident Data

Newman (1971) repcrted several instances in which hares.
were killed following the spraying of paracquat. Two
incidents in Rritain involved the deaths of 7 to RO hares
following the spraying of paraquat to grassy stubble. In
France, a number of hare poisonings have been reported.

In scme cases, paracuat residues ramging from 1 to 5 pmm
have been detected in hares.

To investigate the toxic potential seemingly indicated hy
these incidents, Newman randomly assigned adult female
hares (Belgian Flemish Giant hytrids) to the following
treatments: unsprayed grass (3 hares - Group I),
Cramexone (24%) sprayed grass allowed to dry (6 hares -
Goup II), and Gromoxone syrayed grass available when wet
(§ hares = group III). The hares were placed in 30 to 60
M¢ encloswres daily at 9 AM and removed at 4 P4, After

a 2 week acclimation pericd, the grazing areas for the
treated groups were sprayed with Gramoxone at 1.12 kg/ha.
The hares then grazed daily for 2 weeks.

Following smraying, the grass contained 1370 pm paracuat
ion. At the end ef the two-week grazing pericd, three
Group II animals were sacrificed and three were allowed a
recovery pericd of a further week dwring which they were
maintained on rabbit pellets. The sacrificed animals in
Group II were examined pathologically, and some effects
attributable to the ingestion of paracuat were repxted.
These effects were lesions of the tomyue, pale spleen and
pulmnary edema. MNo significant pathological effects were
detected in the other three animals at the end of the
recovery period. In Group III, one of the animals died
after eight days. Of the five survivers at the end of two
weeks, one was sacrificed for pathological examination,
while four were allowed a recovery pericd on rabbit
pellets. One of these was examined in detail after the
recovery pericd and showed no abncrmal pathology. Scme
paraquat analyses were performed on argans from the three
Group 1T animals at the end of the two week exposure
period, but regligible quantities of paracuat were
detected (0.5 ppn o less).

This experiment would tend to indicate that exposure to
freshly sprayed grass swards can produce toxic symptams
and even death. The risk to the animal appears to be
lessened if the paraquat deposit is dry ior to contact.
This difference, however, is impossible to statistically
quantify due to the limited number of animals involved in
the study (Stevens et al., 1980).

In a comparisen study (delavawr et al., 1973), it was

. repcrted that no significant difference in mertality could
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be cbserved between "dried® (1/3 died) and "non-dried”
(3/4 died) feeding regimes involving the wild hare

(Lepus europareus). Again, however, the limited

number of animals used in the study did not permit the
apromiate statistical analysis. Histopathology of three
surviving hares, 2 weeks posttreatment, revealed a
globular surface of the pulmonary lobes, which were dotted
with gmall blisters. Healthy areas of the pulmenary
parenchyma were dotted with atelectasis and emphysema type
lesions. Also evident was a wide-spread and deep
ulceration of the Malpighian epithelium of the tongue.

Paracquat residues were not detected in lurngs, liver o
kidneys. In the heart, traces of paraquat (0.8 and 1.1
pem) were found in two hares. Concentrations of 4.8 and
31 pm peracuat were found in the content of the cecum.

Mean ‘paraquat residues (fresh weight) in plants ranged
from 27 to 43 ppm for alfalfa and 50 to 71 pmm for
suwroundina grasses. [xry weight residues were 150 ppm for
alfalfa and 290 ppmn for grasses.

The Agency has concluded, on the bases of the preceding
two studies, that the hare possesses a pronounced
sensitivity to paraquat. Although the numbers of animals
imvolved in the experiments were too small to permit a
sound statisticalzevaluation, the consistent cbservation
of lingual and mulmonary lesions is viewed as presumptive
evidence of such sensitivity (Stevens et al., 1980).

Two monitering studies, conducted by Chevron Chemical Co.,
(Chevren Chemical Co., 1974 and 1977) did not icdentify any
i11 effects to avian or other wildlife species cbserved.
The 1974 study imvolved the application of paraquat to
sunflowers at rates up to 0.5 1b a.i./A. In the 1977
study, a 2% aqueous solution of paraquat was applied
dwring a Paracuat Resin Soaking in the Southern Pines
Program. Although of scme interest, the results of these
studies are of only limited value due to the methods and
rates of application (Stevens et al., 1980).

Rivera (1973) reported that 72% of a population of 84
geese died within days after an adjacent field was treated
with 20% paraquat. Although the geese were fenced off
fram the treated field, it is thecrized that the heavy
rain which fell the same day of application and again the
following day ran down slope, forming small puddles which
were accessible to the geese. Same of the symptoms
cbserved were: restlessness, ataxia, motionlessness, loss
of appetite, salivation, convulsions, and abnormal
position of neck and head. Death apparently occurred as a
result of contraction of the respiratery muscles.
Necropsy showed symptams of asphyxia, minute hemcrrhaging
of the epicardium, and pulmonary hyperemia. .
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IV.

Conclusions and Recammendations

With respect to paraquat as an RPAR candidate, the Agency concludes that
the mresently available data do not suppxrt a "Rebuttable Presumpticn
Against Registration" in relation to those criteria cited within 43 FR
30613, Although the 2gency believes that 40 CFR 162,11 risk criteria have
been exceeded ‘in relation to both avian and mammalian wildlife, certain
measures, described below, have been taken which reduce the risks to a
degree deemed acceptable. -

A.

c.

Teratogenicity

While finding the four available open literatwre studies rertaining to
paraquat's potential teratogenicity to be inconclusive, Agency review
of two registrant submitted studies found to be valid mrovided no
indication of teratogenicity. The Agency has, therefore, concluded
that, in relation to teratogenicity, no scientific basis exists for
Eesuming &ainst paraquat's current registration. The Agency,
further, believes that the current data base is adequate and will not
require the submission of additional studies.

Rerroductive Effects

Insufficient data are available with which to assess the potential
rercductive effects of paracquat. A No (bserved Effect Level (MOEL)
could not be established from_those three studies lecated for Agency
review. Althowgh insufficient, the Agency has noted that the reveiwed
data do not indicate any adverse effect. The Agency has been unable
to either establish ar disrove the existence of reproductive effects
from paraquat exposire. The Agency will, therefcre, recquire that an
additional multi-generation repraduction study be submitted for Agency
evaluation.

Oncogenicity - Clronic Feeding

The Agency has reviewed four studies concerning the potential
chronic feeding effects of paraquat. In sumary, the Agency found
each study to be inadequate. In the absence of acceptable data, the
Xency has been unable to arrive at any conclusion concerning
paracquat's potential for causing chronic effects o its potential as
an oncogen. The Xgency, therefore, will require chronic feeding
studies utilizing both the rat and the dog and oncogenicity studies
irmolving both rats and mice.

Matagenicity

Incomplete data are available with which to assess the mutagenic
potential of paraquat. The available data have provided no evidence
that paracuat causes dominant lethal mutations in mice or reverse
mutations in the Ames strain of S. typhimwrium . Several

inadequate studies, however, suogest that paraquat may cause reparable
A damage in bacteria and in man cells in vitro, induce forward
mutations in S. typhimmrium and Asveraillus nidulans and induce

gene conversion in yeast. Due to study i1nadecuaciles, the 2gency can
not reach a definitive conclusion regarding paracquat's mutagenic
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potential. The Agency will, therefore, request submission of
additional mutagenic test data. These data requests will include a
mammalian in vitro point mutation test and a rrimary DNA damage test.

lLack of Emergency Treatment

As discussed earlier in this document, both the cral

administration and skin abscrption of paraquat have been responsible
far poisoning incidents. As little as 1 teaspoon of paraquat can lead
to interstitial fitrosis, respiratary failure and death. Followimg
ingestion, several days elapse before dysmea and several weeks before
death. Histopathologic evaluation of the lung in fatal ingestion
cases show several states of lung involvement. The pimary mrocess
aprears to consist of hemarrhage, edema, increased macrophages and
tronchiolar damage. This is followed by septal thickening, fibrosis,
increased fibroblasts and honey combing (Rebello and Masen, 1978).

The Agency, however, believes that the therapeutic apmoach to
treatment of acute cral exposure (Cavalli and Fletcher, 1977) has been
demonstrated partially effective. The 81% swwvival rate occurring in
those case histories available to the Agency in cambination with the
rapid availability of treatment information (povided by the placement
of a Chevron Chemical Co. 24-howxr emergency treatment telephone number
on all labeling) suggests an adequate emergency treatment for
accidental aral contamination. In addition, the Agency, on Arril 14,
1982, established an exemption -from tolerance for an emetic which is
to be incorprated into cwrrent paraquat formulations. This emetic is
intended to induce rapid vomiting thereby reducing the ahscrption of
paracquat. The Agency, therefore, does not believe that adequate
gronds currently exist for the initiation of an RPAR action based
upen the lack of emergency treatment for cral exposwure.

Qurrently, no data are available with which to assess the adequacy of
emergency treatment for dermal abscrption of paraquat. The Agency has
noted, however, that relatively few dermal exposuwre cases have
resulted in fatalities. Paraquat products, with the exception of a
hcmeowner use mroduct containing a very low concentration of active
inqredient, bear restricted use classification. Applicatars of such
products are required to undergo training in the safe handling and use
of pesticides and receive instruction in product labeling and label
interpetation. Current paraquat products bear labeling instructions
for mixers and applicaters in exmosure reduction techniques. Those
involved in mixing are instricted to "wear a full face shield, rubber
gloves and aron® while applicaters facing a risk of exposiwre are
instricted to “"wear goggles and aprroved face mask capable of
filtering spray droplets.” They are additicnally instructed to "wear
waterproof footwear and clothing when spraying o when contacting
vegetation wet with spray.” The Agency believes that the
recautionary measwres dictated by current labeling are adequate for
the prevention of dermal acute toxicity. While reemphasizing that no
data are available with respect to emergency treatment forr dermal )
abscrption, the Agency has concluded that an RPAR action would not
appear warrented.
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Acute Toxicity

As previously discussed, the acute toxicity of paraquat is high
regardless of the route of exposire. The acute cral (rat) and acute
dermal (rabbit) toxicity data demenstrate that small increases in dose
elicit large charges in response, thus indicating a steep dose-
response cwrve. Death usually occurs within 10 days of exposwre as a
result of intra-alveolar hemcrrhage. Animals which die within 24
howrs of dosing show no remarkable pathology. Animals that died
within two to five days of dosirg, however, demonstrate severe lung
congestion, edema and variable inflamatory infiltrate. Animals that
died within five to ten days show lungs characterized by hemmarrhage
and fibrosis. Althowgh paraquat must be considered highly toxic,
neither the acute cral nax dermal toxicity of formulated products
exceeds those RPAR levels established under 40 CFR 162.11((a)(3)(i).
The Xgency, therefcre, has concluded that an RPAR action based upon
either acute cral cr dermal toxicity is not warranted.

Those data relating to acute inhalation toxicity have been reviewed by
the Agency and have been juiged inadequate. The two studies available
for Agency review provided ICgn values ramging from 1.0 ug/liter to
6.4 my/liter. The obvious diSparity of these results prevents the
Aency from arriving at any conclusion concerning paraquat's ’
inhalation toxicity. The Agency, therefore, will require the
sumission of a rat acute inhalation study.

Subchronic Toxicity =
Two stidies dealing with the subchronic cral toxicity of paraquat were
available far Agency review. Although the 90 day dog study by
Sheppard (1981) suggests a dietary No (bserved Effect lLevel of 0.5
my/¥g/day (20 ppm), the absence of a valid second study in another
srecies, prevents the establishment of a NOEL. The available 90-day
rat study (Rimbrowh and Gaines, 1970) could not be utilized due to
the lowest dose tested (9 mg/kg/day) having produced lung fibrosis.
While the Agency would, under certain circumstances, require the
submission of a valid 90 day rat study, the existing reacuirement for
the submission of chronic rat and dog studies cbviates the need for
additional subchronic studies.

In evaluating the subchronic dermal toxicity of paraquat, the Agency
reviewed the two available studies (McElligott, 1965 and McElligott
and Swanston, 1966). These studies, while indicating that paraquat

- can be abscrbed through the skin in sufficient quantities to produce

lung effects (comestion and alveolar wall thickening), were
determined inadequate for those reasons cited under Section III of
this docurent. The Agency has, therefore, concluded that an
additional subchronic dermal stwdy (21-day rabbit) must be-submitted
for Agency evaluation. This study is to be conducted in concert with
a dermal abscrption rate asessment.

The available subchronic inhalation studies indicate an extremely low
No Cbserved Effect lLevel (NOEL). Both Hardy et al. (1979) and
CGrimshaw et al. (1979) established NCELs of 0.0l ug/liter under the
corditions of the experiments. The Agency, utilizing the 0.01
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ug/liter NOEL, undertook a nomdietary risk assessment for inhalation
exposure. This assessment was conducted as follows:

1. Nendietary Risk Assessment

In the creation of the risk assessment, the Agency established
a wrst case scenario. It was assumed that applicatars would
not be wearing protective face masks as called for by product
labeling. It was further assumed that 100% of the available
paraquat was respirable. Assumptions made in relation to the
exper imental animals involved in establishing the NOEL were
that the rat body weight was 0.3;0 kg, the minute volume of
rat lungs is 0.101 liter minute ~. The experimental

exposure pericd was 6 howrs.

Rat exposwre 6 hours = 360 min. X 0.101 Lmin..l =
36.36 liters of air/day
0.01 ug/L X 36.36 L/day = 0,3636 ug/day
0.3636 ug/day / 0.250 kg = 1.45 u3/kg
1.45 uvg/kg = 0,00145 mg/kg (NOEL)

Method of Application Exposure Estimate (mg/kg/dav) MCS

2erial Application

1) Apolicater 0.00460 - 0.0091 <1
2) Drift Exposwre . 0, 00089 - 0,0022 2 - 0.7
3) Flager 0.00089 - 0.0022 2 -0.7
Backpack Sprayer 0.00010 - 0.0038 l1-0.4
Tractor Irawn Boom 0.00002l 70
Sprayer

Yard/Garden . 0.0001 10

' Cotton Mill Werkers 0. 000015 100
Mechanical Harvestors
1) Cab Doer Cpen 0.000097 - 0.00026 10 - 6
2) Cab Docr Closed 0. 0000028 500

1/ Wearing face mask
As shown by the mreceding table, those populations facima
the greatest risk due to inhalation exrosure are: aerial
exposure (Applicater, Irift and Flagger), Backpack smrayers,
Tractar Drawn Boan Spayers, and Yard/Garden Applicaters.
2. Agency Conclusions Regarding Subchronic Inhalation Risk =

while the Margins of Safety (MOS) would appear exceedingly low
for certain applicaters, it must be emphasized that the NCEL
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utilized in the risk assessment was derived fram studies in
which the particle. sizes all fell within the respirable
rarge. It is unlikely that the simulated rat studly situation
would cccwr in actual field situations. The Agency has
developed data (Raksphal, 1981) which indicates that in actual
field situations enly 2 percent of the generated perticles are
within the respirable ramge. Ruxther reducing the number

-of respirable particles would be the use of face masks. It
may be seen, therefore, that the actual MOS for any given
risk qroup would probebly be significantly greater. With the
data at hand, however, the Agency is not in a position to
establish Margins of Safety clearly relatable to actual use
situations. The Agency, therefore, will require additional
testing which will hetter apmroximate worker/applicatar
exposure. Included in this study will be a requirement for an
investigation of face mask filtering capabilities.

H., Fish and Wildlife

Mzmmals, perticularly hares, have been demonstrated to be sensitive
to paraquat. The best available data indicate that the acute aral
toxicity of peraquat ranges fram 35 my/kg for the hare to 150 my/kg
for the rat. Those studies which established the IDg, values were
uwndertaken utilizing formulations containing 21 percent paraquat
cation. The Agency (Stevens et-al., 1980) has extrapolated these
values to arrive at thearetical LDgq values for technical paraquat.
The Agency estimates LD., valyes rarging from 10.15 my/kg for the
hare to 43.5 my/ka for rat. These values are exceeded
(aprroximately 2 to 20x) by expected field exposure levels. Field
exposwre levels have been calculated to range from 110 pm for loma
grasses to 240 pmn for short ramge grasses (Stevens et al., 1980).
For a 2-4 kg hare to consume an amount of paracquat contaminated
vegetation equivalent to its' LDgy, it would have to consume from
0.07 to 2.8 ly plant material.

Althowgh acute toxicity is of concern, the Agency believes that in
many instances mammals would not consume a lethal dose due to either
lingual inflammation o the wnattractiveness of paraquat dessicated
vegetation. The Agency is, potentially, more concerned with the
suwbacute effects. There is evidence that feeding, perticularly on
freshly sprayed fcrage, causes severe lingual necroses and a
subsequent inability ar unwillingness to eat. The stomachs of some
dead animals were found to be empty. Several incidents in Britain and
France following the smraying of paraquat on a variety of sites
(mostly grasses) have been recarded. Paraquat residues were detected
in qut and wine samples. The detection of kills may be related to
the monitering effort and the roximity and accessibility of the site
to human activity. As a consequence, the reperted incidents may be a
snall sample of a reqularly occurring phenamenon. The Agency,
however, in evaluating the significance of a pesticide's impact, must
take into consideration the sites, rates, timim, etc. of application
as they effect exposure potential. Believing that only certain sites
of application rerresent potentially serious exposure oppex tunities,
the Agency has evaluated existing registered sites. The Agency's
conclusions are presented below in conjunction with the discussion of
avian risk.

32

SYNG-PQ-01796410



e amtte s ) S R & Qe

-t M s s ma =

. bas et re e d e & . e s S

e ” s i O il S— RER o g e, e s B

o laoabn o e b mo

With regard to avian species, it has been demonstrated that paraquat
is-acutely toxic and may, following direct application, cause a
reduction in egg hatchability. The acute toxicity to the most
sensitive species, while exceeding the 40 CFR 162, 11(c)(1)(iii)(B)
criterion for restricted use, does not exceed Agency RPAR criteria.
The Agency has concluded, therefore, that the available evidence does

not supeert the issuance of an RFAR. The Agency, however, does remain

concerned with respect to the paraquat's apparent impact upon eqg
hatch. Although there is evidence to support the contention that
paraquat can adversely. affect egg hatch, the Agency must additionally
consider the potential for exposwre. The Agency, in ccoperation with
the Chevron Chemical Company, has evaluated the currently registered
sites of application. The Agency btelieves that, in most cases, those
crop and pasture sites currently registered would not grovide

frime wildlife habitat. As a consequence, only limited ropulations
would be at risk. The Agency, however, did conclude that certain
noncrop sites, and one pasture application did provide potential for
significant wildlife exposwre. The Agency and Chevron Cthemical
Campany have agreed to proceed with the voluntay cancellation of
those sites which pesent high exposure rotentials. The elimination
of these sites (rights-of-way, including highways, parkways, roads,
dividers and medians, railroads, electric utility and pipeline and
pasture application east of the Cascade and Sierra Nevada Mountains
and West of the Recky Mowntains) similarly relieve Agency concerns
related to mamalian toxicity. Althowsh paraquat has been found to
exceed mammalian risk criteriz, the Agency believes that the
cancellation of the afcrementioned noncrop sites significantly
reduces exposure potential and obviates the need for RPAR action.
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