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Enclosed is the EPA Paraqua ecision 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 observa,tions: 

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

Oncogenici,.ty: - Chronic Feeding. The Agency did not include 
th~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. 
b) Dermal absorption rate assessment study. 
c) Field worker/applicator exposure study. 
d) Investigation of face mask filtering capabilities. 

Seiber' s published work; Akes son's recent 
study and the CTL exposure studies are not 
cited. 
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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. 
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I. Intrcrluction 

f 
I 

Section 3 (a) of the A!derai In~cticide f\lngicide and lb:3enticide Act 
(FIFAAl re<;llires all J:esti~ide p:-o:lucts to be registered 'c1y the Mministratcr 
of EPA befere they may be ~ld er distributed. Section 6 (bl of FIFRA 
authcri22s the Jldnti.nistcr to issue a notice of intent to cancel the 
registration of a ~sticid~ Cr to c~e its classification if it a~ars that 
the ~sticide er its label,irg •aoes not canply with the p:-011isions of fFIFRAl 
er, When used in aeccrdan~ with liddesp:-ea1 and co11ta1ly recognbed p:-actice, 
generally causes unreasonaple adva-se effects on the emrironnent. • Thus the 
Mministratcr may cancel the registration of a ~sticide whenever: te er she 
determines that it no long~ satisfies the statutcry standard fer registration, 
which requires, ~ othet things, that the ~sticide not cause 11\r!t'easonable 
adverse effects on the emr;ironment" (Section 3Cc) (5) of FIFRAl. These 
•tr?reasonable adverse effects" are defined in Pection 2 fbb) of FIFRA to incllrle 
•arrt unreasonable adverse effects to man er the emrirorrnent, taking into 
accoll'\t the econanic, axial and environmental costs and benefits of the use of 
any pesticide.• 

The Environmental frotection ~ency, l".ereafter referred to as the Agency, 
created the R!buttable fresll!!Ption A:Jainst Registration (RPAAl p:-ocess to 
facilitate the identification of pesticide uses W'lich may rot satisfy the 
statutcry standard fer registration and to p:-cnide a public, informal p:-ocech.re 
fer the gatherin] and ~1aluation of information about the risks and benefits of 
these uses. The regulations gcnerning the RPAR p:-ocess are set fcrth in 5 
40 CFR 162.11. 'lbese regulations set forth eertain c:ritet"ia of risk and 
(:rOllide that an RPAR shall, arise against-a pesticide if the Jlgency determines 
that the ingredient(s), netabolite(s), er degra:!ation JrodU:t(s) of the 
pesticide in questioo meet er exceed arrt of these risk criteria. · 

In a:3ministering the RPAR i;:rocess, the Jlgency a:3heres to the standard for:' 
initiating the RP.AR p:-ocess established by Section 3(c)(8), one of the 19"78 
amerXlnents to FIFRA, which i;:r01Jides that the Jlqency may rot start an RPAR 
unless it has "a validated test er other significant evidence rising 12"1.Dent 
concerns of unreasonable a1verse risk to man er the enviromient." 

When the Agency publishes a notice indicating that an RPAR has arisen, the 
regulations ( 40 CFR 162.11) require that an o~tuni ty then be i;:r01Jided fer 
registrants, applicants, and interested pers:;,ns to subnit evidence to rebut the 
p:-esumption, er evidence relating to the econanic, axial, and environmental 
benefits fer an'j use of the ~sticide. If the (:resumptions of risk are not 
rebutted, the evidence oo the benefits of the pesticide is evaluated and 

. considered alo~ with the infcrmatioo on the risks. '!'he Jlgency then analyzes 
various ne~s of reducing the anount of risk fran the ~sticide together with 
their costs and determines whether the pesticide can be regulated so t.liat the 
benefits of cxmtinued use. out\o.eigh the risl(s. If neast.res short of 
cancellaticn cannot reduce the risks associated wit.., any giv~n use of the 
pesticide to a level '4'lich is oubeighed by benefits, the use in question nust 
be cancelled. ' 

Paraquat first came t:nder, intensive ~ency re'1iew due to the widely held 
belief that neither an antidote ncr a ccr.tronly accepted first aid trea~nt 
existed. In a1dition, paraquat's p:>tential fer exceeding 40 CFR 162.ll risk 
criteria in relatioo to bOth its dermal and inhalatioo toxicity was to te 
revie~. 'Ibe A!deral ~.ister N:>tice announcing the Jlgency' s intent to 
iniate the scientific rev,iew of paraquat (43 FR 30613) cited 

1 
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• ••• teratogenicity, lack of emergency treatl!lent, chronic effects, rep:-crluctive 
effects, oncogenicity (data gap}, mutagenicity (data gap) and acute effects" as 
areas of concer-n. Althou:;h the above noted criteria formed the 1;rima:y 
concerns, the Jlqency ~ditionally initiated a review of all available fish 
arrl wildlife data as well !as those hunan heal th effect data not specifically 
~dressed within 43 FR .30613. 

i 

'nlis decision dcx::urent is laivided into five sections. S!ction I is this 
intrcrluction. Sectioo II ,discusses general information oo the ~crluct's 
chemistry, uses, and tolerances. Pection III addresses the p:-imary p.ri:ose of 
the review: it canpares data on IX:>tential adverse effects of paraquat with the 
.!Qency' s criteria fee a R!buttable R:esumpt:ion Pgainst .R:!gistration. Section 
IV sumnari:zes the conclusions of this l:'eview of paraquat am recaTr12nds actions 
to be ta.Y.en as a result of these conclusions. Section V is a bibliograJ:ilical 
listing of the st\Dies cited. 

I 

2 
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II. Chemical Pt:'ofile 

A. Chemical Iden ti t:j 
- -

Pa!:"aquat is the m11101 nane fer l,l'-dimethyl-4,4'-biptr'idinillTI ion, the 
active ingredient of the contact herbicides paraquat dichlCX'ide and 
paraquat bis(nethylsulfate). 'Die stru:::tural fa:inula of paraquat 
dichlor:ide is shown ·telow: 

B. Peg istered Pt:'odu:::ts and Uses 

Paraquat is a nonselective contact herbicide which l<ills annual trocdleaf 
'Weeds and grasses and inhibits perennial troa:Ueaf ~s and grasses. 
Al tho~h the m:rle of action is not canpletely U'lderstood, Sumners ( 1980 l 
attributed the effect to a i;roce5$.J:Jy which the diquaternary salts undergo 
redu:::tion to ra:Ucal cations dt.ring y;:hotosynthesis and respiration. 'nie 
rcrlical cations are then rapidly auto-oxidhed by air, generating the 
sut:eroxide rcrlical anion, ~ogen 'J]!r'Oxide and JX>SSihly ot:het' associated 
rcrlicals which are the toxic agents resp:xisible fa: the dessication of 
plant tissue and loss of cola:. 

Pa!:"aquat is used as a !%"e are:: gent and :1i:replant herbicide fer some fbod 
and feed crop;. In the managenent of fruit, nut, and crnamental tree 
a:chards and certain ST1all fruits, p:raquat is applied as a directed si:ray 
to the interspaces tebieen the plants. Paraquat is used as a desiccant er 
harvest aid fer cotton, p:>tatoes, s:iybeans, guar, amfl~s and 
s~arcane •. Noncrop sites su:::h as highway margins, camercial buildin;s 
and stcrage yards ere sp:-a~ to control: W!eds. Paraquat is applied to 
pine trees (by bark streakin;, borin:;J er injection) fer the ptrp:>se of 
increasin:;J the resin o:xitent. Paraquat also has uses as a spot treatment 
fer walks, driveways, shrubs and fl~ !:eds. 

~ !%"incipal par~t ftrmulations, other than the manufacttrin:;J \.Se 

!%"oduct, are Feder-ally registered fer use within the lhited States. These 
!%"oducts are canlX'ised of low concentration i:ressurimd licruids fer h:ne 
use f<Xth:> Stx>t ~ and <l:'ass Killer - O. 276\ paraquat dichla:ide 1 
and restricted use solli::>le concentrates 'irtlich contain 29.1' paraquat 
dichla: ide. 

c. 'lblerances 

Tolerances have been established fer resid~s of paraquat ( l,l '-d:imethyl-
4, 4 '-bipa/l':':irlini~ion) resul ti~ fran the application of either the 
bis(nethylsulfate) a: the dichlcr:irle salt (both calculated as the cation) 
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in er on r~ agriculttreal carmcrlities. The tolerances fer paraquat are 
as follows:· 

5 parts JEI' million in <:r on alfalfa, birdsfoOt trefoil, cl011er, 
pasttre grass, and raJY3e grass. 

2 par.tS ~ million in er ~ sunf1c:1...a- seeds. 

O. 5 parts J=er' millim in er on almond hulls, cottoi:tseed, quar beans, 
hop vine·s, p:>tatoes, sugar beets'· sugcr beet tops, and 
su;arcane. 

0.2 parts ~ million in er on passion fruit 

O. l parts PE!!!' millim in er m hops 

o.os parts per million (negligible residlel in er oo awles, 
a12"icots, avocadoes, bananas, barley grain, cherries, citrus 
fruit, coffee b:!ans, fresh cxrn inclt.rling sweet cxrn o~rnels 
plus ccb with husk reito1edl, corn fodder and fcra;e, cor:n grain, 
figs, guava, lettuce, melons, nectarines, nuts, oat grain, 
olives, papayas, peaches, pears, pepp:!t's, pineapples, plU'TIS 
(fresh 'f2"tneS), rye grain, safflo~r seed, snall fruit, s:rghlim 
fera;e and grain, soybeans, soybean fcra;e, tanatoes, and wheat 
grain. 

0.01 parts ~r million Cnegligj.ble residle) in eggs, milk, and the 
meat, fat, and meat °by-12"o:3ucts of cattle, goats, hogs, herses, 
p:::>ul try, and sheep. 

o. eq:ostre 

Al thouth the Jlqency has not 1.1'\dertaken a can12"ehensive review of those 
residue chemistry data available fer paraquat, this to be accanplished in 
conjmction with the Jeqistration Standat"ds ~ogram, human dietary 
exp::>st.re to paraquat is considered by the Pgency to be neqligible. In the 
most severe case, that of direct a~l ication to food crOJ:S as a harvest 
aid, P"totochemical degradation, crlscrption and i:rocessirJ:; of the crop h~e 
been identified as mechanisms whereby final resid\Es ere redu::ed (Slade, 
1966: and Calderbank, 1975). While significant residues may be -present in 
harvested rice, very low resid\E levels may be fol.J"ld in dehusked er 
p:>lished rice. lesidue analysis has indicated that no detectable residues 
may be fouid in the oil of either sunflO"tEr er c:otton having been 
desiccated with paraquat. 

Al thouth 'limited dietary exp:>stre may be anticipated, human exp:>st.re 
to paraquat is largely ·restricted to individuals involved in either the 
mixing and loading er application of the canp::>und. A wide variety of 
application equiptent is used fer paraquat. It is applied as a liquid by 
beau si:rayers, knapsack S12"ayers, 1%'essuri2led hand Sl%'avers and aircraft. 
Both dermal and inhalation exp:::>sure may be anticipated to occasionally 
occtr as a result of inadvertant spilla;e en exp::>sed skin er clothing and 
applicatcr exp:::>stre to s-pray mist. Current paraquat labelirg is explicit 
in directirg those involved in mixirg and loading in i:ro?!r handling 
tx"oceedur:es. 

4 
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III. Paraquat as a lbtential· RPAR Candidate 

A. Intro:hx:tion 

As p:eviously noted, paraquat was SUSJ:ected by the h;Jency of meeting the 
risk criteria established l.rlder 40 CFR .162.11 • . 43 FR 30613 identified 
those individual ar:eas of Jlgency concern. 'niose health effect triggers 
listed 'Ere teratcgenicity, lack of emergency treatment, chronic effects, 
reEZ"odu:tive effects, oncogenicity (data gap), mutagenicity (data gap), 
and acute effects. Subsequent to the (:Ublication of the ~eral Peqister 
notice identifying those ar:eas of Pgency coucei::n, the canp:ehensive 
review of .wailable pcraquat data revealed that an additional trigger 
relating to rramnalian toxicity was ala:> p:>tentially exceeded. Al though 
not specifically identified as exceeding a risk criterion, potential 
avian rep:odu:tion effects tere ala:> noted as a p:>ssible cause for 
concern (Stevens, 19RO and Stevens et al., 1982). The individual areas 
of coucer::n and the relevant data ar:e discussed t:elow. 

B. 'l'ec'atoqenicity 

40 CFR 162.ll(a)(3)(ii)B) l%'~ides that •a rebuttable y:resumption shall 
arise if a pesticide's ingredient{s), metabolite(s), er degradatiai 
p:-odu:t(sl ••• p:oduce any other chronic er delayed toxic effect ri.e., 
other than oncogenic er lTl.ltagenic effects) in test animals at any doscge 
up to a level, as determined by the Mministrater, '#hich is substantially 
higher than that to which hunans r:an reasonably t:e anticipated to be 

. exposed, taking into account an ~e mcrgin of safety." 

The lige'C'C'f, in evaluating the ooen literature data relevant to pcraquat's 
i:otential fer terat~enicity, fbund that the data \!Ere inadequate. '!he 
stt.rlies generally involved inadequate nlltlbers of test animals, er 'Ere 
inccmpletelyrep::rted (C'k'egerio, 19A2a). Often the f.bcus of the stl.Xfy 
was not directed toward either: mcrpholcgical effects er reEZ"odu:tive 
im!]!irment. In nearly all cases, p:raquat was not administered aally 
and dans were not dosed daily thro~hout gestatiai. 1'le followin:; open 
literature st\rlies \!Ere revie\!Ed by the k;ency: Rhera et al. ( 1970), l\ls 
et al. (1975), Gibson (1975 and 1976). Altho~h these \!Ere found 
to t:e inadequate. they EZ"~ided no evidence of any teratogenic effect. 

~ta, subnitted by Olevroo Olemical Ccrp: in SUPJXX't of p:-odu:t 
registratioo. contained boo studies p:"etaining to paraquat' s teratogenic 
p:>tential. The first of these stt.rlies was Fbdge et al. (1978b). In this 
study, rats \!Ere erally dosed (20/dose) fran days f;-15 of p:"egnancy with 
the following doses of paraquat dichleride: O, 1, 5, and 10 rrg (paraquat 
ion> JEl' kg body weight. ~st of the .dams in the 5 and 10 n-g/kq groups 
showed ad\re-se reaction to the paraquat treatment. The following effects 
were reccrded : piloerection , weight loss ( aver age body \IE iq hts fer al 1 
group; WE!t'e 158. 5, 155. 6, 120. 4, 112.5 grC111S respectively fa the al:x7Je 
noted dosages), and hunched app!arance. 

'!be nunber of implants, viable fetuses, fetal survival, ?'escrptiais, and 
mean litter \!Eights \!Ere canparable to control animals. 'niere was 
evidence that mean fetal \IE ight was reduced in the 5 and 10 ng/l(g groups 
'41t'hen canpared to the control (p = o. 05). 'Ibis effect. h::>wevet", is 

. thought to be attributable to maternal toxicity rathet" than to any direct 
action upon the fetus by the can.,;:ci.m. 'Ibis fet.µ weight loss, 

5 
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therefere, is not considered by the Jlgency to be an indicater of 
tet'atcgenicity • . Additiaially, this effect would be indirectly mitigated 
with the establ isttnent of a. N'.:> Cbserved · Ef feet level lNOEL l resul tli'g 
fran chronic feeding data. 'lhe siqnificantly redu::ed dose established 
fran the NOEL "'10uld offer a p:-actical margiii of safety fer p:-egnant 
mothers and, hence, fer the fetus. t<b gross s.lceletal er s:>ft tissue 
abnormalities were repcrted. · The N'.:> Cbservable Effect level OOEL) 
established by this study is 1. O ng/)(g (Gregerio, 1982a l. 

In the second study by fi::)dge et al. (1978a) mice were dosed (20/dose) 
fr"an day fi thro1.J3h 15 of p:-egnancy with the following doses of paraquat 
dichlo:ide: O, 1, 5 and 10 ng/1og CPO ion) per la; bcdy weight. 

N::> p!thological er clinical evidence of maternal p::>isoning was c::bserved 
in dams. The nl.l'Tlbe!:' of implantations, viable fetuses a00 rescrptions 
were not statistically different fran the ex>ntrol. Neither the sex ratio 
ncr fetal litter weights varied significantly fran control litters. N::> 
gross skeletal er soft tissue abnc:rmalities \!ere rep:rted in any groups. 
The N::> Cl:>servable Effect Level (NOEL> derived fr an this stufy is higher 
than 10 ng/Jtg • 

The }gencv has concl med that those stoo ies submitted by Chevron ere 
crlequate. The J!gency has further conclu::led that these data :irrlicate 
paraquat to be non teratcgenic (Gregerio, 1982a >. 

c. ~p:-ootr.:tive Effects 
ii-

Applying those 4 O CFR 16 2. 11 <a)( 3 H ii)( B) r.r i ter ia described under (A. ) 
above, the Pqency evaluated all available data dealin::J with paraquat's 
t=0tential fer causing a:3verse rep:-oductive effects in mammals.Al tho~h no 
multi-generation stu9ies oo rodents api::ear available, three single 
generation studies dealing with thir.r "!ffect ~e located fer Pqency 
review. 

In a rep:-oouction st\.rly conducted by McElliqott < 1966 > rabbits were 
treated with paraquat. Ten .rabbits ~e retained untreated as a 
control. Ten rabbits received 30 ppn p:raquat in the diet. 'Ille third 
group, C0111X"ised of 5 rabbits, received 2.4 !?tJ/kg intraveneous (IV) 
injections (8 times) fbllor.oed by 1. 2 TT"g/kq IV injections until term. 
A single ratx>it in this group received only the 1.2 ng/kg IV injections. 
The forth group of 5 rabbits recived 1. 2 rrq/kg iv injections (10 tanesl 
followed by 12 rrg/day in drinkirg wat.et'. 

QJe, ~ver-, to an ina::3equate description of the ex;:erimental design, an 
ina::3equate repcrti~ of the data and an unusual dosing schedule, the 
r-t:Elligott stooy can not be used in the establisnment of a It> Cb~able 
Effect Level (NOEL) C~egcrio, 1982a). 

C1riffiths et al. C 1960) fed rats n, 30 and 100 pcm (paraquat ion) fer ere 
generation. The stufy indicated no effects at either dose level. 
~ference was ma:3e within the pap:!r to "definite toxic" effects at 250 
ppn ( JX"oducing "pu]Joonary lesions within a pericd of several '#eeks"). No 
data, ~ver-, ~re rep:rted and no t-1.)EL may be established (Gregerio, 
1982a). 

In the third stuav reviewed by the h:lency (Fletcher, 1972 >, rats were fed 
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o, 30, and 100 ppn (paraquat ion> fer one generation. 'Ihe highest dose 
tested (100 ppnl w:ts indicated to have lrodtx:ed oo retroductive 
impairment. This finding, ho\r.lever, could not be substantiated due to 
inadequacies in the data iresentation C i.e., no individual animal data 
fer pathology, not all tissues listed to be examined \111&e rep:rted, no 
rep:rting of the nunber of dead. and live offstr iN;J per litter) • 

· .additionally~ no explanation er data was trovided in relaticn to su:h 
statements as •significantly fe~r p:-ogeny \liere reared in the 30 ppn 
paraquat group (in the !J.b litters>. due to an lllusually high incidence 
of maternal ~lect. • 'Ire afcrementiaied data rep:rting deficiencies, 
coupled with the stu::1y beirg limited to a single generation, ireclu:Jes 
Pgency utiliz.aticn of the data in the establishment of a !'l)EL <Gregcrio, 
1982b). 

The Pgency, find~ that the cwailable stooies relating to retrodu=tive 
effects are inadequate, can make no conclusion with regard to this 
criteria. Data will, therefcre, will be requested of the registrant. 
'n:e Pgency will require a t~ generaticn reiroducticn stllfy. 

D. Olcogenici ty - Chronic Feeding 

40 CFR 162.11 (a)(3 )(ii )(A) ~ouides that a ~sticide p:-odu:t shall 
undec'go a ~buttable ~esunpticn Pgainst Jegistration should it be found 
to induce •cncogenic effects in exp?rimental manmalian species er in man 
as a result of er al, inhalation er dermal exi:osure ••• " 

'!lie Jlgency y:rocess, identified afld_r.evie'Ed fot.r feed~ stooies 
involving paraquat. The Pgency's Carcino;en Assessnent C:Coup (OG) CCAG, 
1977) found the data base, in a;greqate, to be insufficient. 'Ibe review 
findings are smmarized as follows: 

1. ICI, 1972 

The CAG follld that the controls hcw:l a very p:xr survival rate (80% 
and 76% mcrtality fer male and female mice, res~tivelyl and the AO
week duration of the study was considered •a:rne~at shor:'ter than 
desirable." f\rthermcre, the doses used - 25, 50 and 75 ppn (3.75, 
7. 5 and 15 ng/Jc:g/day, res~ctively) - were ""-ell belOl!i the maximun 
tolerat!!d dose of 90-120 ng/kg/day. 

2. IBT, 1964c 

In an invalid study Cbtj data audit) CAG noted that the nunber of 
missirg rats and rats fer which oo histopathological exaninaticns 
W!re r;:erfaned W!re so large that it was imP'ssible to draw 
?onclusions concerning the carcino;enicity of paraquat. Histological 
exaninations 'Ere i:erfocned en cnly a few surviving controls and 
rats ingesting 250 ppn of paraquat. The absence of t\JTClrs was, in 
CAG's view, "an extremely 1.1'\likely c:cct.rrence fi:r any stock er strain 
of rats.• 

3. IBT, 1964b 

This invalid <by data aooitl study, l%1derta.Jcen With Beagles, could 
not be evaluated due to the shert duraticn of the stmy. ~ 
selection of dosa;e levels resulted in both too few animals and 
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levels beirg tested. Of the three levels initially tested (50, 125 
and 250 ppn), only dogs at the bo lOW!!st levels !Rrvi~ed the I7-
month testirg perioo. Ibgs at the 250 ppn dosa:le all died within 11-
53 days. A new level, 10 ppn (2 animals/sex/dose) was crlded one 
11D'1th after the study began. No conclrrent control group was added. 
'Ihe !ctr animals in . the 10 ppn group \ere Sac: if iced at 26 JTD'lths. 
Based ui:cn the noted deficiencies, the lqency has concl\Ded that this 
stooy may be considered as supplemantary data in relatiai to chronic 
feed in:;, but is insufficient with regard to an assesSTent-of 
paraquat's i:otential ftr a'lCogenicity. 

4. IBT, 1965 
In an invalid stooy (by data aooit) CAG determined that the stooy 
dt.ration was, a;ain, far too shcrt "fer a bioassay stt.rly to determine 
carcinogenicity." Jdditicnally, CAG fot.rld that only ooe level of 
paraquat, 75 ppn, had been administered to the stooy dogs an::1 no 
controls \ere used. J 

1 

With the absence of acceptable data, the Agency cannot ma1<e a 
determinaticn as to either the on~enic er chronic effect p:>tential of 
paraquat CCAG, 19;7). '!'he Pgency will, thereftre, req1.:est that 
crlditional stooies be ~formed by Paraquat registrants • .. 

E. 1'\Jtagenicity 

40 CFR 162.ll(a)(3)(ii)(A) ~ovides that "a rebuttable J:rest.nption shall 
m:-ise if a pesticide's ingredient.Ls) metabolite(s), er degradatiai 
J:rodoctCsl-indlr.e rrutagenic effects, as determined by multitest 
evidence." Sectiai 162. 3 Cyl defines muta;enicity as •ttie p:-oi:erty of a 
slbstance er mixore of substances to indu::e changes in the genetic 
canplement of either sanatic er germinal tissue in stbsequent 
generations." ~tagenic chemicals are recogniZ!d as J'.X)sing a i:otential 
risk to hunan health due to their ability to cause heritable ehan;es in 
genes and ehrc:moSones. Germline chan;es can, fi:r exanple, lead to birth 
defects cr to the acct.mulatiai of deleterious nutaticns which may ~ 
imolved in . the etiology of cancer. j . 

I 
I , 

The ,llgency has obtained and r~1ie~ several pertinent muta;enicity 
stooies. 'nlese stooies, a;greqated by stooy ~, ere described below. 

1. Bacterial 9fstems 

Imi:erial Chemical Industries (1977) tested paraquat dichlcride in an 
assay using §_. typhirnurium str·ains TA-1535 and TA-1538, with and 
without the lX"esence of rat liver tx)Stmitochrondrial sup!rnatant 
(~S) with oofactcr CS-9) mix fr an rats cdministered J:henobarbi tol. 
Paraquat was also tested usirg TA-1535, TA-153R, TA-90, TA-100 
strains with S-9 mix ma:3e frCJT\ rats administered flroclcr with ™S, 
but without cofactcr and without S-9 mix. Paraquat conc:entraticns 
tested ranged fron 0.16 to 5000 ~. 'khicle controls and JX>Sitive 
controls [N(-2 ac:etylaninofluc:rine (AFF) and nitrofluc:rene (2NFl, 2-
(l-chlcro-2-2-isoJrOP.{1-aninoethyl) napthalene fCPE), ~lcrethamine, 
nitrogen nustat'd and dimethyl sulfoxide (rMSO) 1. The stt.rly results 
indicated paraquat was not muta(Jenic under the conditicns of the test. 

I -
Inveresk International C19n) tested paraquat dichlcride (99. 9% 
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pur:e) and 2-aninoanthracene dissolved in tMOO <i:ositive c:cntrol) in a 
s. typhimurium assay using strains TA-1535, TA-1537, · 'fA-1538 and -m.- · 

17rO. Tests were condLCted oo agar plates in the iresence arrl absence 
of rat live: :r:reparatioo p:-epared by t:reatinq male rats with .z!t"oclcr 
1254 and the cofactcrs required fer mixed function oxidase 
reactions. Paraquat; dosa;es ranged fran 1 uq to 1 rrq P!t" plate. 
Paraquat ana the i:osi tive control chemical ( 2-.:rninoanthracene) were 
not mutagenic when tested without activatiai. fbw:!ve!:'. "'1en the S. 
typhimurium systems WNere activated with rat live: cells and co- -
factcrs, 2-aninoanthracene ( p::>si tive control) was rutagenic. 'l'he 
results of this study indicated that paraquat was not lllltagenic under 
the described test ~itions (Q-ega::io, 1?82a). 

Anderson et al. Cl972 l tested paraquat usi~ sp::>t tests fer its 
ability to reve:t eight strains of ~· typhimurium to histadine 
indet=endence. Paraquat was described as givirg negative results, but 
no quantitative data were rep:rted, no rretabolic activation system 
was used, and the strains used were not st:ecified. Furtherm::re, 
paraquat did not y:rodLCe zones of inhibitiai of cell cirowth. It is, 
therefcre, unclear whether a sufficient nt.Jnber of cells were exi:osea 
to the chemical (Gt"egcr io, 1982a) • 

Beniqni et al. (1979b) tested paraquat in a conventiaial Ames assay 
in the i:resence and absence of a rat liver- extract rretabolic 
activatioo system. Paraquat did not increase the nunber' of histidine
indei:endent reve:tants in any of the ~· tff:*1imurium strains used 
(Gl.-1535, TA-1537, TA-1538, ~98, TA-10 ) • · 

Beniqni. et al. (1979b) also ~rfotned a mne of inhibition test using 
ultra'1iolet excision repair-p:-oficient and repair-deficient strains 
of s. tyftlimurium CTA-1978, and TA-153A, res-pectivelyl in the 
i:reS"ence arid absence of metabolic activatiai. Paraquat at 100 
u;/plate caused larger zones of inhibitioo in the repair-deficient 
than in the repair-i:roficient strain. 'l'his suggests that paraquat 
caused INA dama:Je reparable by the ~· typhinurium excisioo repair 
pathway. In both strains, the mne of inhibitioo was larqer in the 
absence than in the Jresence of rretabolic activatioo <Gt-egcrio, 
1982a). 

Benigni et al. (1979bl tested paraquat in an inccmpletely validated 
fcrwcrded nutatiai system to detect 8-aza:Janine (A-i\G) resistant 
mutants in s. tvphinurium • 'Ihe bacteria WNere plated in a;ar 
containing beth paraquat and 8-AG. There was an apparent increase in 
the n1.111ber of mutants oo the paraquat treated plates. lbw:!ver, this 
assay a~ars to be rathe: subject.ive. The authcrs stated that 
•colonies smaller than 0.1 nm WNere not col!'lted as mutants.• In 
a1dition, the :r:resence of both paraquat and the selective a;ent (SAG) 
on the plates at the same time is of sc:rre concern. It is p:>ssible 
that the blo might interact to reduce the effective concentration of 
8-AG. '!his "'°uld tend to increase the nunt::er of surviving colonies, 
MU.ch m.iqht oot all be trl.E nutants (~egcrio, 1982al. 

2. F\Jngal Systems • 
Benigni et al. (197~b) tested the nutagenic p:)tential of paraquat in 
the funqus ~· nidulans usi~ 8-AG resistance and the i.ndLCtion of 

• 
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methionine sUpi:resscr mutations. Both test systems were used in 
plate inccrp:ration assays and in suspension assays. Positive 
results were cbtained wi. th the 8-AG-resistance system in the plate 
inccrpxation assay; ~ver, this assay suffers frcm the same 
defects as the ~· typhirrurium assay. 'Ihe negative results cbtained 
in the suspensioo assay s~est that the a~ent pJsitive results 

· obtained in the plate inccrp:ration assay may have been an artifact, 
IX)ssibly caused by interaction betto.een paraquat and 8-AG reducing the 
toxicity er ~eventin:;J the upta)r:e of 8-AG (Gregcrio, 1982a). 

In the methionine suPJresscr assay, oo 111Jtants were detected in the 
plate inccrpratioo assay, but there was a slight increase in 
1t1.1tatioo frequency in the sus~nsion assay. The negative results in 
the plate inccrp:ratioo asay may have t:een troduc:ed because the 
plati~ medilln contained none of the required nutrient, methionine. 
In '"reversioo• assays, a snall Cl'TIC)Uit of the requ:iied nutrient in the 
plati~ medium is often required to allow exp:-ession of i.Muced 
mutations (Jlmes et al. 1975). Benigni et al. (1979bl als::> ~rfa:med 
an assay designed to detect the induc:tioo of recessive lethal 
mutations in yeast. R::>"Ever, this assay system has not t:een 
characterized well enou;h to ensure that the sccred recessive lethal 
"mutations• W!re tr\J! 1T1.1tants (Grega: io, 1982a l • 

'ltlree stu:Hes reJ;Xrt the ability of paraquat in the form of 
Granoxonee to indu:::e mitotic gene conversioo in Saccharanvces 
cerevisiae • Gene conversioo may be considered as a ~ of 
nonrecip:-cx:al recanbinatiai that ~urs in diploid fungi durinq 
mitosis. 'Ihe nechanism is not cx:mpletely understood, but it appears 
to involve the replacement of a snall nl.lnber of nucleotide pairs fran 
the chraoosome of the pair, and replacement by the ccrres~nding 
sequence frcm the other chraros~. Hence, if the crganisrn is 
heteroallelic at the site of gene conversiai, the J%oduc:t of gene 
conversiai is hanoallelic (Q-egcrio, 1982al. 

Siebert and I.emp:.!rle C 1974) exEX>sed cells of s. cerevisiae strain 
04 to 1,000 ppn of Q-aroxone@ for 2 hours ~-cbserved slight, but 
not significant, increase in the frequency of convertants to the ~ 
2 and trp 5 lcx:i. In conctrrent exi:eriments with other chemicals, 
the corwertant frequency in control cells varies up to 10-fold, 
sl,J3gesti~ that this assay may have low sensitivity (Grega:io, 
1982a). 

With a different strain of s. cerevisiae and usi~ 16-oot.r 
treatments with concentratioos of Q-aroxone~ betto.een 100 and 900 ppn, 
Parry (1973 > d:>served dose-related increases in convert.ant frequency 
at doses up to 600 ppn at the his 1 locus and up to "700 ppn at the 
~ 2 locus. At higher doses, the conver tant frequencies ~cl ined. 
The convertant freauencies reached maxima of 1320 + 30 in · 10 
space survivcrs at ·the his 1 lcx:us with ~amox~1r cxmcentrations 
betto.een 400 and 600 ppn, and 2, 540 + 110 in 10 sirvivcrs at the 
ade 2 lcx:us with CcanC>Cone® concentrations tetto.een 600 and 700 ppn. 
Al thou::Jh Parry did not rep:rt the results of tests with negative 
controls, the IJ)Sitive dose res1=0nses and the high frecµencies of 
comer tan ts strongly suggest that Q- crnoxone~ induced gene comers ion 
(Gregorio, 1982a). 
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Parry (1977) used a mcrlified fluctuatic:n test to test nr gene . 
conversioo in a third strain, s. cerevisiae exp::>sed to paraquat at 
doses behieen n. 02 and 6 ~/ml.7' He obtained results stroogly 
s~gestive of gene conversioo at the ~ and his 4 loci at 
concentrations between o. 02 and 2.0 mljf/ml. Itis likely that gene 
conver sioo caused the p::>si ti ve results., but Parry did mt 
demaistrate unequivocally that gene conversioo was irrluced by 
paraquat CGregcrio, 1982a). · · 

Ma1ma.lian Stu:3ies 

Benigni et al. (1979b) i:erfatmed an lJ'lscheduled INA synthesis· (UI:'S) 

ass;J!o/ with hunan emtryaiic cells in culture. The cells exp::>sed to 
paraquat at 20, 100, 1,000 and 2,000 ug/ml had higher nunbers of 
gr_ains per nucleus than did control cells. A.ltho~h the increase in 
grams i:er- nucleus with all doses tends to suppxt the authcr's 
conclusion that paraquat induced UDS, insufficient detail was 
p:-ovided with reSP?ct to the exp?rimental Iroceedl.re. UIS is a 
reflectioo of r.NA repair: therefcre, this apparently i:ositive result 
supp:rts the result of the zone of inhibition test with bacteria. As 
bot.~ of these stu:Hes, howe'1er, contained defects which did not 
p?rmit validation, additional confirmation will be required l:efore 
arrt conclusicn may be draW'l •. 

.Anderson et al. '1976) ccnducted a dc:minant lethal assay with a 
p::>si tive cootrol, three dose levels of par-aquat, and 15 male CD-1 
mice i:er treatment group. ~ stl.rly revealed no evidence of 
daninant lethal nuta;enicity of suPJ;ression of fertility in mice 
receivin;J paraouat er ally o. 04, n. 4, er 4 nq parciquat icn/l<g/day for 
five days (~eqorio·, 19R2a). 

Pasi et al. (1974 l intrap?ritoneally injected five male ~ss-¥1ebster 
mice at 66 nmole/l<g (sic). The authors cbserved no significant 
reducticn in the nunbers of implants i:er Iregnancy er increase in the 
nl.l'Tb!rs of early deaths per Iregnancy resultinq fran matirqs · 
occl.rrin; dtriri; any of the eiqht W?eks after treatment. 'lhe 
incidence of Iregnancy arong females mated to treated males was 
significantly l~r (p < O. 01) than in the control group dtring the 
third week after mat~ (33% versus BO%) and a11era;ed 51 versus 70 
percent over the eight W?ek dl.ratioo. FbW?ver, the small nunber of 
animals and the relatively low };regnancy rate, even in the controls, 
redu:ed the sensitivity of the assay so that increases of mere than 
bofold in the nunber of early deaths per i:regnancy were not 
statistically significant. It> p::>sitive control \las rm to ensure 
that the aSSa!of system was functionirg 'f%Operly. Additicnally, t.'iere 
is an obvious errcr i,n the reportirg of the dose of paraquat 
~inistered: 66 nmole/l<g, aPJ;rox imately 17 g,llcg, is about 500 times 
the intrap?ritoneal w50 • It is mere Jrobable that the actual dose 
was 66 UTl)le/l<g (~egcr10, 1982a). 

As indic~ted in the Jreoeding data sumnaries, both i:ositive and negative 
t"esp::inses in !11.lta;enic testing systems have been rep:rted in the 
literature. 'there is evidence that paraquat does not cause dclninant 
lethal mutatiais in mice and does not induce reversioo to histidine 
indep!ndence in the Jlmes strains of s. t:yphimurium • '1'le data suggest 
that paraquat may cause reparable INA dana;e in bacteria, induce fcrwcrd 
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mutatiCX'ls in bacteria and A. nidulans indu::e gene conve:siai in yeast and 
· indu::e ~scheduled a~ synthesis in human cells in vitro • 'Ihese 

apparently p.'.)Sitive findin3s, however, have all resurted fran stu::Hes 
which toere fl at.ea • ~ Pqency, there fcre , cannot cane to any concl us iCX'l 
concerning the i::otential :nutcgenicity of pai:-aquat (Q'egerio, 1982a) 
'!be 1gency will require that crlditional mutagenic testing be EE"fa:ned by 
paraquat registrants. 

F. tack of Brergency· 'treatment 

40 CFR 162. ll<aH3 )(iii) p:ovides that a rebuttable t:resumption shall 
arise if a pesticide has •no loiown antidotal, palliative er f:irst aid 
treatments for anelieratiai of toxic effects in man resulting fran a 
sin3le exp:>sUC"e." The ~ency, in considering this criteria, evaluates 
not only the simple p:esence er absence of an antidote er f:irst aid 
treatment, but must also consider the ~hanism and i::otentu•l fer 
exp:>sure. 'Ille Pqency' s R:!sticide Incident M:)nitcring ~stem (P!MS) has 
indicated that death due to paraquat p:>isoning can result fran either 
eral er dermal exp:>sure. 'Ihese t\t.O exp.'.)sure routes, therefore, firm the 
J%"incipal basis of Pgency concern. The Jtgency has erraluated available 
case histcries and treatment regimes and has develo~ the following 
analysis: 

1. er al ec p.'.)SUC"e 

The PIMS rer:orts indicate that the majcrity of the p:>isoning 
incidents involving paraquat.have resulted frcm the pt.rp:>sfull 
ingestioo of the chemical in apparent suicide attempts. Case 
histor:ies fran accidental p.'.)isonings indicate that var~ cm:>unts 
of paraquat are lethal (a sip to several mouthfuls), death is 
generally caused by pulmonary insufficiency, and accidents ar·e 
frequently the result c;>f stcra;e in 1.l'U'narl<ed tx>ttles. 

The ct.rrent emergency treatment fer paraquat has been d:irected at 
treventing abs:rptioo, ~anoting rapid· excretioo and modifyinc:r 
p:>ssible tissue effects (Cavalli and Fletcher, 197i). This treacrent 
is based ai the following er i ter ia < 1 ) ingestioo of less than 50 ml 
of paraquat, (2) treatment is initiated within 24 OOUC'S of irgestioo, 
and (3) treatment consists of the following: 

o induced vaniting 

o crlministioo of clay abscrl::ents 

o crlministration of cathartics 

o EE"fcrm hemcrlialysis, P!I"itoneal dialysis er forced 
diuresis. 

An analysis was conchx:ted en the available case histcries \llhich 
canplied, in part, with the Cavalli and Fletcher criteria. Sixteen 
cases toere s::reened fr an the 1i ter atur:e which ~re treated with 
the recc:mnended criteria ( in;esting 50 ml er less, treatment within 
24 hot.rs and at least c:rte of the su;gested accanpanying treatments). 
As shown in Table 1, crlherance to the treatment regirre resulted in 
an 81 percent sirvival rate '13/16). 
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TABLE 1 
ROMAN EXPOSURE - ORAL RX7I'E 

tbse Time Treatment Tyfe <\Jtcane 
·. to ~ 

Treatment I II III IV v VI VIII 

2 <2 hr •. x s 
mouthfuls 

30 ml <2 hr. x s 

1 9-24 hr. x x s 
mouthful 

50 ml 24-48 hr. x x x s 

1 24-48 hr. x x s 
mouthful 

30 ml <2 hr. x x D 

so ml <4A hr. x x s 

45 ml <2 hr. x iii.- x s 

<20 ml >4~ hr. x !:; 

20 ml <2 tr. x x x s 

Treatment ~: I Fuller ' s ear th S = Sl.rV ived 
II Aentonite D = Died 
III Gastral la\1cge 
IV !Muced Vani ting 
v Fcrced diuersis 
VI Peri tone al dialysis 
VII Haemoo ial ysis 

1/ Steroids/Imml.l'lOsup~essants, Antibiotics 
21 Steroids/Immmosu~essants, cytotoxic ~en ts 
'!/ .antibiotics 
4/ <:ytotoxic }!gents 
5/ cytotoxic }!gents, IrProp:mol. 
1;/ Pctivated Olarcoal 

leference 

.a.naerron. 
1970 

tb1.J3las 
et~·· 
1973 

tbUJlas 
et~·· 
1973 

tbu:z.e et 
et a3., 
1975 

Eliah:>u 
et~·· 
1973 

Farr, 
19771 

~abegsee, 
1974 

Kerr et 
al., 1 
1968 

Lai th~ai te , 
1976 

Mahieu et . 
al., 2 
1977 
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TABLE 1 - Continued 
HUMAN EXPC:SURE - ORAL J071'E 

tbse TlJTle Treatment tyt:E CA.ltca1'e 
to ~ 

Treaenent · I- II III IV. 

4 mt 3-8 tr. x 

30 ml <2 hr. x x x 

10 gm <2 hr. x 

10 ml >48 hr. 

1 <2 hr. 
mouthful 

30 ml <2 tr. x x x x 

Treatnl:!nt typ:!: I Fuller's earth 
II Bentonite 
III r.astral lava;e -.-
IV Induced Vani ting 
V Fa:ced diuersis 
VI Peritooeal dialysis 
VI I HaemOOialysis 

v 

x 

x 

x 

x 

Vl VIII · 

x 

x 

S •Survived 
D •Died 

1/ Steroids/Imrm.nosupp:essants, Antibiotics 
2/ Steroids/Immtnosupp:essants, Cytotoxic Pqents 
'!! .antibiotics 
4; Cytotoxic }!gents 
'S°/ Cytotoxic }!gents, D-Propanol 
'bl Activated Charcoal 

D 

s 

s 

s 

D 

s 

Reference 

Masterson 
& ~he, 
1970 
lot~, 

1976 
M:::D:na; h ' 
Mar5n, 
1970 

Pasi & Hine, 
1971 

Ck'eoJOulOS 
et~., 
1%R 

Thanas 
et~., 
1977 
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. It should be noted that the Jlgency, ai A~i.l 14, 1982, issued an · 
exemptic:n fran tolerance ftr 2 amino-4,5-dihyrlro-fi-methyl-4-p:oP.{l- s 
-triarolo(l,S-alpha)pyrimidin-5-one in raw agricultural -
c.umoJities. 'nlis ccm;:ound is ftr use as an emetic at not m:re than 
0.1 percent. in formulatic:ns of paraquat dichleride. The added emetic 
will rapidly indu::e vaniting, thereby, lessining absrptiai time and 
exp:>sure • 

The available case histeries resulting fran accidental dermal 
exp:>sure (see Table 2) deironstrate that paraquat can be 
percutaneously abscrbed in anounts sufficient to cause death. 
Al tho~h the rep::rting of fatal paraquat dermal absc:rptiai cases was 
inajequate, the rep:rts did indicate that accidental application of 
•1arge arounts• to the body will initially result in seres and burns 
of the ex1Dsed crea and subsequent p.tl.JOC11ary insufficiency. In 
~itioo, nail dana;e (bands of white discolcration er canplete nail 
loss) resulted in instances \trhere no p:-ecautic:ns (i.e. rubber gl011esl 
were taken while diluting paraquat concentrates. 

lt>ne of these rep:rted cases can be analyzed by the treviously 
described Cavalli and Fletcher criteria. Tte significance of the 
treatment, therefcre, cannot t:e established (Grega-io, 1982a). 

Inhalatia'\ Ext:esi.re 

N:::> cases of acute inhalatiai toxicity resulting in human death have 
been rep::rted. ~ Jlgency, therefcre, has not considered the need or 
~equacy of emergency treatments in relation to inhalatia'\ exµ:>sure. 

Pcute Toxicity 

40 CFR 162. ll(a) (3 )( i) !'.l'Ol7ides that a rebuttable i:resumptia'l shall 
arise if a i::esticide •(A) Has an acute dermal ID50 of 40 m:;/kg er 
less as formulated: er ( 2 ) fias an acute dermal m50 of 6 g/kg er 
less as diluted fer use in the form of a mist er si;ray: (3) Has an 
inhalation tc50 of o. 04 m;/liter er less as fcrmulated." 

The PQency has rev ieTEd ntrnerous pai:er s deal in; with par-aqua t' s acute 
toxicity. Paraquat aministratiai has been derraist:rated to cause 
lung effects in exi::erimental animals by era!, dermal and inhalatiooal 
routes. These toxic effects have been seen followill3 both acute and 
subchronic ~ministratioo, 

Stu:!ies revie\oed by the Jlgency and determined to be germaine 
are discussed below, categcrized by stufy type (i.e. route of 
~ministratiai): 

1. .acute Q:-al Toxicity 

'Ihe results of animal studies CX\ the acute cral toxicity of 
paraquat are SlJ11narized in Table 3. M tho~h the data show 
vcriatioo in the rep:rted valll:!s, the ID50 results indicate a 
very high acute cral toxicity. These stooies demonstrate that 

13 
CUSA-00102391 



i 

·i 
i 
I 

I 
I 

. • I 

i 

I 

I 

1 
~ 

. · I 
l 
! 

i 
I • I 
I 

·t 
i • 

, 
.. , 

l 
1 
l 

, --- - -------------. 

TABIE 2 
RUMAN EXPOSURE - DE™AL RJUl'E 

· Treatrrent 
t:ilne 

u >48 tr. 

u >48 hr. 

u u 

u >48 hr. 

u u 

u, u 
u u 
u >48 hr. 

u >48 hr. 

u >48 hr. 

u = Unsp:!c::ified 

1 - Fuller IS F.ar th 
2 - Bentonite 
3 - Gastric Lava;e 
4 - Indu::ed Vaniting 
5 - Fcrc::ed Diuersis 

1 

6 - Peritcneal Dialysis 
7 - Hemcrlialysis 
8 - Steroids 
9 - Antibiotics 

2 

10 - UnSp:!cified 'It'eatment 

3 

Treatment 
tyt=e CUtcane 

4 5 6 7 8 9 10 

x s 

x D 

x s 

x x x D 

x s 

x s 
x s 

x D 

-- x D 

x s 

· , 

~ferenc:e 

Barber, 
1971 

Binns, 
1976 

robbelaere F. 
Bouffioux, 
1974 

Jaros et 
al., 1978 

Satman & 
Johnston, 
1969 

• 
• 

Waight & 
Wheather, 
1979 
~Sta\ et 
al., 1971 

Withers et 
al., 1979 
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TABLE 3 

; 

ACUI'E OAAL '!'OXIC rI'Y j 

~ AnlJ11al Sex Material LD50 (PQ icn) leference 

j SD-Rat M O:tfu ~t VEed l06 (68-164) rrg/kg Chevron Olemical I 

and Q:-ass Kill« <Lungs Consolidated) Canpany, 1969 

SD-Rat F Q:tho Sp)t ~ 82 (71-94 ng/l<g) Chevron Oletnical 
and <l:'ass Kille: (Lungs Consolidated> Canpany, 1969 

SD-Rat M/F Q:-tho Sp::>t ~ ~ deaths, signs of Rittenhouse , 
am <l:'ass Kille: toxicity, gross path- 1978 

ology at 50 ng!la:; 
(14-day observation) 

Rat F 99% Pure l:q 112 (104-127) ng/)(g Clark, 1965 
.; Oichlcride (l.J.n3s Consolidated) 
I .·• Rat F l:q Oichla:ide 150 ng/}(g Clark, 1965 t 

SO-Rat M tq Dichlcride 126 ( 102-156) ng/kg Murray and 
(Lung hetncxt hage, Gibs:>n, 1972 

"i fibrosis~ liver 
kidney tubular: 
ne&osis) 

SD-Rat Pq Dictx:lcr ide us (90-150) rrg/Jll; Sharp et al. , 
1972 

Wils:>n Rat M l:q Dichla:ide 95 (79-114) ng/Kg Sharp et al., 
1972 

Monkey l:q Diehl er ide 50 nq/kg l tubular Murray and 
necrosis in liver , Gibsoo, 1972 
kidney~ lll"lg 
filrosis) 

Rat F 99% Pure It! 141 {140-142) ng/)(g Clark, 1965 
Dime thosul fate (Lung Consolidation> 

Rat F 99% Pure ~ 112 ng/kg (21~ay Clark, 1965 
Oimethosulfate cbservation) 

- - -··· ·- --- -------
CUSA-00102393 
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TABLE 3 - Ccntinued 
ACt1I'E ORAL 'roXICITY 

Anunal Sex Material LD50 <PO ion) Feference 

Rat F JF-1824 127 ng/Kg Clark, 1965 

- Rat F JF-1824 (with 150 ng/l<g Clark, 1965 
sir face active 

. a:;ent) 

Rat F Paraquat I.:I'S 120 nglkg Clark, 1965 
l 

Sherman M/F Paraquat 100 ng,llc:g Kintrou;h and 
Rat Gaines, 1970 

SD-Pat M Paraquat 189 (90-398) rrg,llc:g Rittenhouse, 
[Slop:? was 1. 7 1978 
(0. 73-3.81 

SD-Rat F Paraquat 125 (62-251) rrg/)cg Rittenhouse, 
rs10~ was 2. o 1978 
(0. 93-4. 21 • 

--

·• . - - - - - ··--'---- - ---
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paraquat Eroduc:::es a very steep dose-resp:nse curve indicatirx; 
that the range of doses J:rodu=i.l'Y;J 0-100 ~cent 1!1X'ta,l.ity is very 

· narrow (Q:-egcrio, 198 2a). 

'Ille rep:rted toxic signs \!Ere hyp?rexcitabilit_Y, l.l'lccxrdination 
and, in sate rep:rts, convulsiCl'lS. .The majcr target erg ans are . 
the llllgs, kidney and liver. · · · 

The hjency does not routinely take regulata:y action based upon 
the acute cral toxicity of any pesticide, other than to enstre 
ErOi::et" labeling, use restr ictiais and packaging. Orrent 
paraquat labeling is consistant with Pgeney regulations g011erning 
warnings and J:recautiaiary statements f 40 CFR 162.10 (h ll and with 
those regulations g011erning use classification r 40 CFR 
162.11 <c> J. 

J!cute Dermal 'Ibxicity 

~ results of animal stooies ai the acute dermal toxicity of 
paraquat are stmnari2ed in Table 4. The data indicate a moderate 
to severe acute dermal toxicity (Toxicity Categcry n er nr l f 40 
CTR 162.lO(h)(l)(B)l • 

The re-p:rted toxic signs \!Ere salivatiai"' and skin erythema: the 
majcr target crgans were the lun;Js, kidney and liver. 

--3. Acute Inhalation 'Ibxicity 

Gage ( 1968 l exJDsed Pats ( 4 animals/sex l to varying 
concentrrations of paraquat (?JC"itv unspecified) fer a single 6-
hotr ex'P)sUC"e period. App:-oximately 90 ~cent of the p:rticles 
...aiere 2. 4 microns in a icrne ter. The results of the stu:fy are 
sunmari2ed in Table 5. · · 

Pathological exanination of the- survivcrs of the 4. B, 13 • ., and 
32. 5 l.X}/l i ter ex1=0sures sho...aied corx:iested lunqs with occasional 
petechial hemcrrhages. Histopa.thological exaninaticn of these 
animals denonstrated con;estion and an increase in the nunber of 
polymc:rt=hs and histiocytes around the t:ronchi and vessels. In 
addition, the kidneys of these animals \!Ere pale and showed 
cloooy Stoelling. Mo other details \!Ere qiven as to the 
pathology/histopathology of other animals. 'Ibese results su;gest 
that the r.c50 for -p:raquat is 1. n u;/liter. 

In several varying shOl:'t term extoSUC"e trials utilizing varyin:i 
particle sizes, Gage demcnstrated the effect of particle size on 
lethality <See Table Sal. 

IM' (1964d) determined an r.c50 valtE fer rats C 4 animals/sex> 
exJDsed to paraquat ( mspecifled formulatiai) • Particle si 22 was 
repcrted to be within a o. 5 to 3 micrai range. exJDsure was fer 
4 hotr s. 'lbe LC 50 value derived fr an the stooy results was 
rep:rted as 6. 4 ng/liter, ~11 aro1e that r.c50 . established by 
the Ga;e stu3y. . This stu:fy, however, in cd11 tioo to being an 
unvalidated Industrial Biotest stooy, has been fotm 0eficient in 

14 
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Animal 

Rabbit 

Rabbit 

Rabbit 

Rabbit 

Rabbit 

RatM/F 

Sex 

M 

M 

M 

M/F 

TABLE 4 
M:Ul'E ~ 'roXICrrY 

Material t.o50 (PQ iai) ~ference 

Ck tho Sp:)t ~d I animal died on day- Olevrm Olenucil 
arx3 Ckass I<iller 14 at 5 g/kg ( ro gross Canp:iny, 1969 

pathology in S\%'ViVing 
animals) 

Ck'tho Spot ~ N::> deaths, qross Cavalli, 1969 
and Ckass t<illa- pathology at 5 g/kg 

(14-day cbservation) 

Ck tho Paraquat 174 (80-37f';) nq!kg Bullock, l 977b 
(1 ung heTtt ! a:; ic : 
grainy livers, s:>ft 
'kidreys) 

~ Dichlcride It> deaths at 480 m:;/kq fotEl.liqott and 
(mild erythema: animals Swanston, 1966 
w:!ar i.n;J plastic collars 
to Jrevent a:al 
ingestiool 

Paraquat I!I'S 23~/kg ( lmg con- McElligott, 19n5 
<with s~eader) gestiai, pale kidreys) 

stx"ay 80 mg/J<g Gaines, 1%8 
concentrate 

_ __j 
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Table S 
N::UI'E INHAIATIC"N 'roXICITY 

Ga;e, 1968 

-. -- --- - - -- - - - - ~----·-- - ---:-- ·-· 

FQ Concent:ratioo Mortality 
----- (uq/liter) ---------Males Females------

32.S 
13.7 
4.8 
2.6 
1.5 
1.3 
o. 75 
0.4 

21 

41 
31 
3 
31 
2 

O (at 15 days) 
O (at 20 days) 

11 
4 

'21 
21 
11 
4 

O (at 15 days) 
O (at 20 days) 

1/ Survivcrs W!I'e jlD;ed to be in pxr conditicn and "Ere ltilled 
ftr autopsy 

-·_:_:_-_·_:- ~-_:___-~- --=--~----- --- · --· -- - --- -··- ---······ - . 
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Particle Size 
(u) 

Tine 
(tr) 

TABLE Sa 
ACUl'E INHAIATICN roxrcITY 

Ga;e, 1968 

PQ Concentration 
. (1.J3/iit:er) . 

Mcrtality 
(hnimals· died/ 
tanimals tested) 

~---2~.·5~~~~--z~a--~--~~~~---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 l. 0 3.1 . 0 /4 
2.5 1.0 2.1 0/4 
2. 5 1. 0 l. 1 0 /4 

10.0 1.1 9.0 0/4 

- ·- - . - ------ - ----------
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the rep.:rti.rg of results. Additionally, the test Stbstance was 
not adequately identified (~egcrio, · 1982a). 

'Ihe Pgercy, based up::n its finding that both available acute 
inhalation ta.<icity studies are inadequate and that considerable 
disparity exists bet~n the rep.:rted test results, has 
determined that insufficient data ere available with which to 
i:rovide a definitive conclusiai. The Pgency will, therefore 
require the submissiai of a:3ditional data relative to paraquat's 
acute inhalatiooal toxicity. 

4. f¥e Irr i ta tioo 

The results of animal i:rimary eye irritatiai studies for paraquat 
are surmarized in Table fi. AlthoU3h the data show var:iability, 
it indicates that paraquat is a m::rlerate to severe e~ irritant. 

s. termal Irri tatioo 

'!he results of animal stoo ies conducted to assess y:r imar:y dermal 
irritatiai p:>tential are stmnarized in Table 7. The data 
irv.3 ica te that paraquat is a rra:3er ate to sevE!!:'e skin irritant. 

fi. SlJtlTla.t'Y of kute Toxicity Data 

H. 

As evidenced by the ac.ute toxicity animal data, p;raquat has a 
VE!!:'Y steep dose-resp::nse ~e which indicates that the range of 
doses which Jrodu::e 0-100 t:ercent m::rtality is very nart"ow 'snall 
increases in the doses resulted in larqe increases in resp::nse) • 
~ath usually occtrs within ten days of exi::osure as a result of 
lntraalveolar herra-rha;e. Animals which die within 24 hours of 
dosing show no remcrl<able pathology. Animals that died within 
bo to five days of dosin:;J, demonstrate severe lun;· coogestiai, 
edema and vcriable inflanmatcry infiltrate. Animals that died 
within five to ten days show lun:;is characterized by hemcrrha;e 
and fibrosis. ·(Gregcrio, 1982a l. 

Sub:::hraiic Toxicity 

Al thotJ3h s~cific 40 cm 162. ll r is.le er i ter ia do not exist in relation 
to subchrooic toxicity data, the Pgel1C'J revie"1ed such stuHes related 
to paraquat for p:>tential C!Nerse effects. 

1. Subchronic <:ral Toxicity 

'n1e results of animal subctronic cral toxicity stooies are 
sunnarized in Table 8. 

'lllese data ~gest a dietary NJEL of o. 5 rrg~/day (20 ppn) 
paraquat ioo in tb:Js. 

2. &lbchronic Ia-mal 'Ibxicity 

McElligott '1%5l treated rabbits C3 animals lEl' dose level 
with 116, SA, 29, 14.S, 7.25 and 2.8 ng~ (paraquat cation) 

15 
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Animal 

Rabbit 

Rabbit 

Rabbit 

Rabbit 

Material 

<:rt.ho Sp:>t ~ 
· and CCass Killer 

(Pq Oichlcr ide 
o. 94\) 

C'k'tho Sp:>t ~ 
aid CCass Kille: 
( Pq Oichlcr ide 
0.94\) 

Tech. Fq. 
Rydt'o::hlcr ide 

er tho Paraquat 
(3 lb/gal. 
Cone.) 

TA8LE .6 
E~ IRRITATIOO 

Cose 'Results 'Re fet'ence 

o.1 m1. Mild C'OClJlnCtival Cavalli and 
irritation in 3/6 Hallesy, 1969 
rabbits at 24 hrs; 
1/6 at 72 hrs. All 
n:rmnal at 72 hou:s. 

1 92COlld ~ld to m:xlerate Bullock, 19'76 
sp:-ay conjunctiva! irr i-

ta tioo in 6 /6 
rabbits at 24 hrs; 
ncrmal at 72 hot.rs. 

0.2 ml 12-50' sho~ in- Snow and ~i, 
of 6.25 ereasin; corneal 1973 
100% dama;e; 100% (5/S l 
Soluticn rabbits died. 

0.1 ml Canplete OP!city of Bullock and 
ccrnea, roughened ~<Zeger, 

ccrnea, necrosis 1977 
conjunctivae, p.ru-

-.. lent discharge: 
severe chem::>sis 
mild iritis in all 
anllnals. 
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TABLE 7 
PRIMARY IE™AL IRRITATICN 

Animal Material O:>se Fesults 

Rabbit ~tho Spot lteed o.s ml loEll confined ecy-
and ~ass Killer thema and slight 

edema observed at 
7-days 

Rabbit ~tho Paraquat Slight to severe 
(3 lb/gal cooc.) erythema and slight 

edema 

Rabbit ~ anoxc:ne ( 25 % 0.1,0.s, f'b irritatioo 
Paraquat) l.0,2.5, c:bserved in an ima1 s 

s.o and with intact skin. 
10.0% Mild swelling and 

erythema in animals 
with at:r: ~ skin 
at 2.5% and higher. 

--

--------

Jeference 

Ferd and 
Fcrchini, 
1976 

Bullock and 
flit::<kegcr, 1976 

Fodres et al • , 
1978 
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as par-aquat dichlcride oo shaved backS. The material was 
dr"ied in a stream of warm air and the site of a~lication 
COllered with ligflt gau2.1e and . after 24 ootrs, washed with warm 
water and gently dried on 20 ronsecutive days. Q:-oani.ng was 
p:-evented by weat"irg plastic collars. After final treatnent, 
strVivirg animals were observed fer 14. days without 
restrainin; collars. · · · · · · 

'!'he skin was affected at all dose levels except the 2. 4 nq/kg 
dose, and histologic chan::ies consisted of parakeratosis and 
occasiooal intraepidermal p.Jstules. AnjJnals receiving 14. 5 
ng/kg and higher, exhibited respiratcry distress, extreme 
weight loss C 30-40%), gastric he!marhage and Jr.idney damage 
(degenerative chan;es in the renal i:roximal convoluted 
tubules). lbst m::rtem showed con;ested lungs with thickened 
alveolar walls and p::>lymcri;:h infiltrate. ~aths were as 
follows: 0/3 at 2. R irg/kg: 0/3 at 7. 25 ng/kg: 2/3 at 14. 5 
and 29 ng/kg: 3 /3 at 58 Cl'ld 116 ng/l<g. 

'l'1e condu:::t of the study (remoral of restrainin; collars) 
alorg with the severe weight loss causes speculatioo that the 
annimals were lickin; the treated areas and causirg 
ulceration in the cral cavity therefcre not permitting the 
animals to eat. With these consideratioos a roEL cannot be 
established fran this stl.Dy (Q:-egcrio, 1982a). 

McElligott, in the s0~nd ~ of the abcll1e cited trial, 
dermally treated rahbits ( 3 animals/sex) with 2.4 ng/kq 
(praquat catien) as paraquat dimethosulJ:hate (JF 1824) ai 

shaved backs in the scme · manner as described above. 

IAmgs showed mild con;estien and histological exanination 
revealed mild thickenin; of alveolar walls and · 
pol ymcr ?'lonu:::lear leuJc:ocytes • 

A. NOEL cannot be established due to possible er al 
ccntaminatioo as discussed and explained in the abcll1e study 
(Q:-egcrio, 1982a). 

In a separate study, McElligott and Swianston (1966 l dermally 
treated rabbits (3 animals/sex/dose) with 192, 96, 48, 24 and 
O ng/J<g paraquat caticn as paraquat dichloride en shaved . 
backs. The material was dried in a strean of warm air and 
site of the aR>l ication C011ered with light qauze and after 24 
hot.rs, washed with warm water and gently dried m 20 
consecutive days. Q:-oaning was i:revented by wearing plastic 
collers thrOu::fhoUt dosirg and the 14 riay cbservatia'l perio:l. 

tocal eryt.hema and hyp:!rkeratosis with sane necrosis was 
cbserved at all dose levels. An.imals at the 192, 96, and 48 
ng/kg doses showed sane weiqht loss Cl0-20%), .which was 
explained by the investigatcr as •this may have been due to 
the large anomts of paraquat en the skin with the escape of 
paraquat in dust and squares with sti:>sequent cral 
contaminatiai. • Microscopic evidence of renal damcge was 
observed in all the animals at the 192 ng/kg dose, but enly 

16 
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TABLE 8 
SUBCRRl':tuc ~ 'roXICI'l'Y 

Animal Sex Material NOEL (PQ iai) LEL (PO iai) Reference 

Pat F Fq Diehl.er ide None!! ~y l{imtrou;; h and 
(9<>-day) Gaines, 1970 

93 83le D:J; M/F 'Iechnical PQ o.s ng/kg/ 1.5 ng~/ Shepp.rd, 198l 
(9o-day) (32. 2% w/w ro. day kq/day-; 

cation) 

YJ!reas of fit:rosis were identified in all strViv~ animals, lor,,est dose 
tested was 9 ng/kg/day. 

21Beagle dogs (3 animals/sex/dose} ~re fed O, 7, 20, 60 and 120 PPM of 
pcraquat in the diet fer 13 "Weeks. 'Y'here were no distinct chan;es in the 
hematological, clinical chemistry er t.rinalysis. R:!spiratcry rasp~ was 
observed in 4/6 animals at. the 120 P?.1 dose, however oo other evidence of 
respiratcry distress W!re described fer any other dose level. 'lbe results of 
the necropsy sho\oed large lun; lesicns, described as grey an:'1 red de tressed 
areas involvi.ng several lobes ( ir'1'1olvi.ng 10-100% of the affected lobe) in the 
60 and 120 PPM dose group;. 9nall focal changes were OO'"'ETVed one female 
(control groupl and ooe male (20 group}. ~istopathological the l\.1"19 lesions 
seen in the 60 and 120 group; were cla!!rif ied as alveoli tis ( inter-sti tial 
~cellularity, and alveolar collat=Se). Pale 6'o!Ollen segments of cor:tical 
tooules were seen in male (60 group) am one female am one male (120 group). 

-- -----·· · 
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males receiving 96 ng/J<g. Penal charges described as •clou:fy 
· - SW:!llings• was rep::rted at the 48 ng/Xg dose. IAlng 

exanination was described as follows:" in all an:imals there 
was an interstitial ;neumcnitis of varying intensity, 
ch.racteri:zed by peritronchial lymt=hoid hyperplasia, and 
sw:>llen bypercellular alveolar walls in which macr.ot:na;es 
were c0nspicoous. • 'Ibis was seen even in the control 
animals.· A NOEL cannot be established dt.e to a respiratcry 
disease within the entire rabbit colooy (Cl:'egcrio, 1982a). 

3. SJbclronic Inhalatioo 

Hardy et al. (1979) exp:>sed rats (11.hole body) to aeros:>li~d 
paraquat ioo fer six holrs/day, five days/~k, fer three 
weeks (total of 15 exp:>SUC"es). '!he dose levels \IE'e as 
follows: Q:-oup 1 CO'\Sisted of 32 rats per sex exp:>sed to O 
paraquat as a control: Q:-oup 2 consisted of 36 rats p:!r sex 
exp:>sed to o. 01 ug paraquat ion/liter: Cl:'oup 3 CO'\Sisted of 
36 rats i::er sex exp:>sed to 0.10 ug p:!raquat iai/liter: Cl:'oup 
4 consisted of 36 rats per sex exp::>sed to 1. 00 ug paraquat 
ioo/liter: and Q:oup 5 oonsisted of 16 rats per sex exp:>sed 
to O. SO u; paraquat ion/lite:. The 1. 00 lJ3 exp:>sure group 
was al:x:rted following a single exp:>SUC"e due to 79 percent of 
the animals ha11ing died fran respiratcry exp:>sure. G:'oup S 
was subsequently aid~as a · replacement for the abc:rted Ck'oup 
4. 

All the animals in Ckoup 1, 2, 3, and 5 sl.rVived the exi:osire 
t:llte. At the O. 5 and O. l u:;/liter dose groups, a few animals 
haJ trown staining aroU"ld their noses and/er tx'o"ll nasal 
discharge, lasting fer 1-2 days following the first exi:osure: 
no clinical symptans were observed in the o. 01 ug/liter 
group. '!be followin; patholo;y was repxted: 

~ (ug/liter) 

0.01 

0.10 

Oescr i ption of E ffects1 

No effect 

16 rats showed squamous ~ratinising rretaplasia 
and/er hyperplasia of the epithilillll of the larynx 
after 3-..ieek exp:>SUC"e. 

'lbese charges were observed in ll rats after 2-...ieek recr::NerY perioo. 

o. so 1) Rx:al ulceratioo of the t:narynx in 2 male rats 
after 3-...ieek treatment. 

2) All rats showed creas of ulceratioo and acute 
inflanmatcry cell infiltratioo of the lcrynx 
after 3-..ieek exp:'.)stre. N::> ulceration er 
necrosis was d:>served in the rats after a 2-
week reeo11ery periqd. 
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3 > Aggregations of foany macrophages, thicken~ 
of the alveolar walls were observed in rats 
ex!X'sed for 3-weeks. These changes were still 
observed af t:P.r a 2-week recovery period , in 
~ition, distributicn of t:ronchiolar 
epithilium ~jacent to mac::roJ:ha;Je cggregations 
was noted. · 

l/ Tissues other than the respiratcry tract "Ere not observed. 

• 

The in:Ucated NOEL is O. 01 u;J paraquat ion/li tel:' • 

Gdmshaw et al. (1979) exJX)sed rats (whole body) to 
aerosoli2ed paraquat iai fer 6 hot.rs/day, 5 days/week fer 
3 weeks C total of 15 exp::>sures) at ooncentratiais of O, o. 01, 
and O. l t:g/liter. The generated particle size was 2 u. 'Ibe 
results frcm this rep: at study ere identical for the O. n1 and 
0.1 t:g/li ter dose levels described in the ext:er irnent done by 
Hardy et al. (1979). 'Ihe indicated mEL is 0.01 u::f paraquat 
ion liter. 

W{att et ~. (1979) instilled paraquat dichl2'5ide (9~1~cent pure) er H-pcr aquat in concentraticns of 10 to 10 
directly into the left lung lobe of male Alderly Park 
(Wistar) rats. Instillaticn of 10-s g of paraquat in 0.1 
ml of saline resulted in macroscopic d cmage ot the le ft lob: 
within 24 hot.rs after;.Cosing. AP!=roximately SO percent of 
each left lobe was damaged, and the damage increased with 
time. At 72 hot.rs, the left lobes of all treated rats \Ere 
pll.l'lt-Colcred and of a jelly-like ccnsistency. The

6
lesicn was 

mu:h less extensive in the qroup that received 10- g of 
paraquat er less an:f did not increase in severity between 24 
and 72 ho1.rs. 

Instillaticn of 10-s g, of paraquat increased \et weights 
(of the left lobe) CNer tine. let weights in treated animals 
~e significantly heavier than controls at 24, 48 and 72 
hours ( p < o. 01). 'n'lis ~gs also true at 49 and 72 heirs for 
the rats treated with 10 of paraquat. ~J:28change!!1A" lung 
weight were noted after instillaticn of 10 er 10 g 
paraquat. 

Thi~ st\Xly demaistrated that instillaticn of 10-s a 
10- g of paraquat into the lung lobe of the rat causes 
macroscopic and microscopic lesions and increased weight. 
'Ille results indicate, as indicated in other stu:3ies, }:ar'aouat 
does affect the ltJrJ;J (Cl:'egcrio, 1982a). 

Kimt:rou;Jh and C".aines (1970) fb\.l'\d that intrat:ronchial 
injectiais of paraquat (marked with India ink) imuced lung 
f il:rosis and epithelial ~olifer aticn at a dose of o. OS 
ng/kg. Direct intrabronchial injecticn of paraquat p:oduced 
J;ll}.mcnary edema, ~esticn and intraalveolar hemcrrh~e. 

Iaird et al. '(1979) determined by rcdiannunoassay the 
paraquat concentratiais ( u;J/g wet weight) in rat hngs 
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511c:;>win; the 5th and 15th inhalatiai ex~ures to 
H -peraquat. At a dose level of O. 01 uq/liter the l\.l'\g 
concentratiais avera:.;ed 0.11 + 0.12 uq/g following the 
5th exJX)sur-e and o. 09 + 0.13 'li;J!q following the 15th 
exfX)sur-e. A concentratiai of o. Ol + n.10 ug/g was observed 
followin; a one day recovery per icx17 At a dose· level of 0.10 . 
ug/liter, the lung concentrations avera;ed 2. OR + o. 4n ug/g 
following the 5th exp:isure and 1. 66 + O. 35 ug/g tollowing the 
15th exi:osure. Concentrations at ore, two and three days 
into recovery tEre 1. 34 + o; 24, o. 65 + o. 09, and o. 35 + 0.12 
ug/liter respectively. - - -

'n'lese data inclicate that paracruat does not accunulate in the 
lun;s between the 5th and 15th exp::>sure, and t_.,at paraquat 
disapp:!ars after termination of exfX)sure (Gcegcrio, 19A2a). 

Conclusions on ~ubchronic Toxicity 

'!'he available subchronic cral, dermal and inhalatioo data indicate 
that paraquat has an effect on the lurg. 

In an a.:lequate subchronic feeding study in dogs (Rheppard, J.9Rl), the 
NOEL is 20 ppn ( O. S nq~/day) of paraquat ioo. The lung effects 
seen j\~ 1oses of 60 n. 5 rrg/}:g/day) and 120 ppn (3. C' IT"q/kg/day) doses 
W!re alviolar collapse. 

In several ina:lequate subchro~ dermal studies usinq rabbits, a mEL 
cannot be established <~ Subchronic t:ermal Toxicity fer details). 
fb.,..ever these stu:Hes do ~gest that -paraquat abs:rred throu;h the 
skin can result in lung effects described as thickenim of the 
alveolar walls and con;Jestion. 

In be supplementary sU:x:hronic inhalation studies using rats, the 
NOEL is 0.01 u; paraquat ion/liter (0.00145 ng,lkgl. The reJD!:ted lung 
effects W!!re irritaticn of the nasal passa:.;es and larynx (0.1 
ug/li ter) and alviolar wall thickenim with aggregatious of foam 
macroP'tages (0. 5 ug/liter). 9oth these stooies tEre condtcted with a 
qenerated particle si2l:! or 2-3 microns, therefc:re, these st\Dies 
simulate a situaticn where the generated paraquat is 100~ respirable • 

. Other rat st\Dies (Ga:Je, 1968) suggest that paraquat generated at 
coarser si2e (10 microns) is not as respirable <Greger io, 1982a) • 

I. Fish and Wildlife 

Al thou;;h the Jtgency did rx:>t sp:!cifically crldress fish and Wildlife 
concerns when identifyim paraquat as an RPAR candidate <43 FR 30613), 
the subsequent ccmi:rehensive scientific evaluaticn of paraquat data 
revealed fX)tential adverse effects. The fi.ndin;ls of the Pgerr:!'f review 
are i:resentee below: 

1. Acute Toxicity to J!Quatic C'.:rganisms 

40 cm 162.ll(a)(3)(i)(B) (3) ~ovides that an RPAR -risk 
er i ter ia shall have reen rret should a "max imun calculated 
concentratiai followim direct application to a 6-inch layer 
of water (result in) nae than 1/2 the acute rc50 for 
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aquatic crganisns re~esentative of the crganisns likely to be 
exp:>sed as measured cn test animals specified in the 
IEg istr aticn Qi idel ines • " 

'n1e acute toxcicity of p:raquat to fish species was evaluated 
by the Jlgency cu; EPA, 1977 & 1979al in stu:3ies utilizing 
~tho Paraquat CL Concentrate c:Ontaining 29. lt active 
ingredient. '!he 96-roir rc50 vall2s for bltEgil.1 < Lei:anis 
macrochirus land rainbow trout( Saw qairdneri l~re foll'ld to 
be 156 (68-356) and 29 (20-41) ~espectively. 'Ibese data 
demaistrate that 29.1 percent paraquat is slightly toxic to 
certain species of fish, but that the toxiqity range falls 
below that which might cause critical concern by the Pgency. 

~ler (1978) stu:3ied the toxicity of technical paraquat 
dichlcride (92. 3%) to l _st instar Daphnia magna • 'Tbe 48-roi.r 
u:50 was reprted to t:e 1. 2 (0. 67-2. 2> l=PTI· In a stu:fy 
coflducted by the Pgency cus EPA, 1979 l the 48-hoi.r oc59 for 
29.1% paraquat dichlcride was fbund to be 8.0 (3.4-18. ) ppn. 
These data indicate that paraquat is mcderately toxic to a 
reJresentative aquatic irwertetrate species (Stevens et al, 
1980 ). 

Benjits<laus and ~rsoone (1975) stooied the effects of a 
camercial brand of paraquat, Cl:'anoxone (200 g. active parts 
per liter ) , with and without wetters ( Lissa1=0l nx and Ethanooe 
525) cn larval develoil')ent, nrrtality and the nl.ltlber of molts 
of an estuarine m.rl crab CRithropano-ceus harrisii l at 
concentraticns ranging fr'an o. 1 to Iooo pP:>. 'Ibe m50 's 
C~e-crab sta;e) cner a 20 day period are retxrted as 0.86 p'{:t> 
for paraquat without ~ tters and 4. 15 PP, for par aauat with 
~tters. The effects of paraquat on larval developnent becane 
significant at 10 ~with a delay of 3.09 and 5.76 days 
respectively fer paraquat with aro witrout -wetters (Stevens et 
al., 1980). 

No data 'Ere located with respect to paraquat•s p:>tential 
acute toxicity to aquatic insects. 

In ~ditioo to labcratcry stOOies, the Agency review?d several 
field stu:3ies and incident rep:rts relating to paraquat 
toxicity to aouatic crganisms. Yeo (1967 l treated six 
reservoirs in Califcrnia with paraquat (unknown formulation) 
at concentraticns ranging up to 2500 pt:b. Additicnally, ten 
plastic growth i:cols were treated with 1000, 2000.and 3000 PP, 
paraquat. Oissipatioo of paraquat in the reservoirs 24-.hotrs 
p:>st treatment avera;ed 73% anong all concentrations. Certain 
of the aauatic ~eds in the reservoirs 'te?"e controlled 
adequately with paraquat. In the qrowth px:>ls, treatment with 
paraquat did not appear to siqnificantly affect the nunber of 
green sunfish CLelX!Tlis cyanellusl er smallrrcuth bass 
(Micropterus dolanieu1). '!he conditicn of the fish in the 
reservoirs was not, ho'NIE!Vf!!", rep:rted. · 

In t\IO lake exµ!!"iments at Oxton, N::>ttinghamshire, England 
(Way .et al., ?) , in which a cannercial formulation of 
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paraquat [Q:cmoxaie JF 1341 (20% a.i.) J was applied at o. 5 
mg/l, there was rep::rtedly excellent control of many aquatic 
plants with::>ut aey aPJreciabl~ adverse effects to sane 16 
species of invertet:rates. It was additiooally rep:rted that 
neither fish ncr t:reedirr; birds in and around the lakes 
a~ared to suffer obvious chan;es in. SI=ecies CXITIJX)si tioo er 
JX)pulation density during the 22-week post-treatment 
observation p!ricrl. Water and mlrl samples t.ere ~n up to 
32 days and 110 '11eeks, respectively. '!be residues .in water 
fell rapidly eper the first 48 rotrs and W!re not detectable 
( o. 01 ppn) by the sixteenth day. Mean t'esidues in water -were 
0.31 ppn, 0.16 ppn, 0.12 ppn and 0.045 ppn after 1, 2, 4 and 8 
days. 

A grcrlual acct.Jnulatioo of paraquat residt.Es in mlrl samples 
was re~ted fran ooe lake. Generally, residues in moo · slx>t.ea 
a lo;yar-ithmic increase O'<ler the first fotr post-treaarent days 
(1.23, 2.42 and 7.82 ppn fer 1, 2 and 4 days, respectively) 
foll~d by a slOW?r increase up to the 32nd day Cll. 24 ppn). 
'lllereafter, there at:JP!ared to t::e a slightly mere rapid 
increase to 197 days (17. 68 ppn) follOW?d by a loss to a cne
year- p:>st-treatrnent level of 7. 95 ppnl. '!be first t'NO 
p!ricrls ooincided with the collapse and disintegration of 
plant material. Paraquat residues a!=Ji:eared to accunulat:e in 
-weed tissues (25. 5, 38. 3 and 27. A ppn at 2, 4 and 12 days) 
up to eight days at which time disintegratioo took place and 
residues a~arently tiegan settling out to the bottan (Stevens 
et al. , 1980) • 

Newnan (1966) rep:rted satisfactory t.eed control in several 
types of aquatic env iromen ts < dr aina;Je canals, lar-ger 
canals, and lakes) treated with uP to 1 rcg/1 (lJ'lJc:no\oln 

formulation). Severe deoxygenatioo occUCTed in one ~ake that 
was treated Wiolly. Another lake that was partially treated 
had no a~ent serious deoxyqenatioo. N:> majcr direct 
e~fects oo any of the various grout=S of- m1ertetrates sampled 
were evident in the stt.rly (Stevens et al., 1980 l 

Earnest (1971) stooied the effect of paraquat en fish in a 
Colcrado farm µrid. Paraquat (2 lb a.i./gal formulation) was 
applied to a o. 44 acre JX>nd at 5. 4 qal to achieve a desired 
concentraticn of 1.14 ppn. Five tr0nths before treatment, 150 
blt.Egills and 100 rainbow trout were released into the JX)nd to 
add to an alrea:fy existirr; JX)pulatioo of green sunfish. Fifty 
blLeqill \.ere added to the JX>nd three weeks refcre treatment, 
Cl'1d 350 each bluegill and catfish \Ere ~ded five days befcre 
treatment. Five days 'IX' icr to treatment an crlditicnal 250 
bluegill and 150 catfish were placed in live-ca;Jes. Fesidue 
analyses t.ere condu=ted on 10 green sunfish exJX)sed to 1. O pn 
paraquat for 4, 8 and 16 days each and oo sanples of mt.rl, 
water and algae. 

The results indicated the blt.Eg ill to be the na'e sensitive 
of the fish S'!=ecies tested. At least 34 i:ercent of the 400 
free swimmirr; blt.Egills died "within 48 rot.rs: 67 i:ercent of 
the 250 bluegills in the live-ca;Jes \lere decrl the day after 
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treatment. cne trout and 25 catfish were fi:>und deed at 
vcrious times ~ich seemed to ccrreSpxld to P!riods of low 
dissolved oxygen cro) (l" 8 ppn bottan and 4. O ppn str face) • 
ro fell fran app:-ox:imately 7.0 ppn overall to 7.0 ppn at the 
strface and s. O ppn at the bottan one day p::>st-treatment • 

. 'nlis is the time i:er iod Cl-2 days after a~l icatioo) Wien rrcst 
of th! mcrtalit.Y occurred. M:>st mcrtality seemed to occtr in 
the live cages, but their locatioos with resi;:ect to hottcrn er· 
str face was not specified. 

Paraquat levels in fish, one day post-treatment, ranged fran 
O. 58 ppn in green sunfish to 1. 86 ppn in rainb::::lw trout. 
~sidue levels in bluegills reached a max:imllTI of 1. SR ppn 
after eight days and then declined. The aquatic vegetatioo, 
Chara Cl\d Spiroqyra , tEre reprtedly controlled 
effectively. Paraquat residues were coocentrated up to 2300 
ppn in the plants until they disintegrated. ~sidues in water 
tEre hjqhest ( 1. 52 ppn bottom) three ootrs after treatment. 
'lbe residues fell off rapidly following the three h::>tr high 
concentratoo. Paraquat was mere persistent in mu3. ~ 
residue concentratioo reached a max:imun level of 15. 9 pptt' 
after 16 days aro was still fairly elevated ( 3. O ppn> at 99 
days (Stevens et al., 1980). 

Treatment of drainage ditches with paraquat at 0.6 ppn caused 
a marked but temp:rary decrease in the n\Jtlbers of planktoo er 
p:-otist erganisms (He=s, 1972). All p:>pllatiais reC011et"ed to 
Jre-treatment levels in atx>ut t~ 'Eeks. 

In a stooy concerning the effects of paraquat ai inveE"tetrates 
in a ~w 1.ealand strean, paraquat was applied at 2 ppn a.i. 
fer 30 minutes, cdjusting fa: stream flow and delivet"y rate 
( Btrnett, 1972). r:r ift-net sanples soowed significant (2~8X) 
nl.J'nl:ers of amJ=hip:>ds d1.ring the first 2. 5 ho1.r i:eriod 
followirg applicatioo, indicatin;J a direct toxic effect. 
D:ift-net sanples for six other irweE"tet:rate sp:!cies did rot 
show significant ch~es. St.rber sanples cne )!ear later 
sho'Ed increased nunbers of invertetrates in the stream, 
particularly Tricl'x>ptera. Bc'ooker aro a:lwards (1974) rep:rted 
that paraquat CGC'amoxone S and W) a~lied to a reservoir at 1 
ng/1 eliminated the arg iosperms. Planktooic invertet:r ates 
~ either el:iminated er Slr'Vived at 10\ter densities. Many 
irwertetrates which intimately associate with arx;iosperms 
(Trich::>ptera, I:epidoptera, Gastrop:x'la) \ere el:iminated er 
colooized the replacement Qrowth of Chara globularis at 
reduced densities. ~ authcrs attributed the redoctiai in 
invertet:rates to the destroctioo of plants, p:rticularly 
ar1;1iosperms, am not to the direct toxic effect of the 
pcraquat. 'nlis stooy indicates that ch~es in camnnity 
strocture can result fr an the destroction of macro'E=hYtes. 
R:!doctiais in p:>ptlations of some nontarget aquatic 
invertetrates may, therefere, be expected followirg paraquat 
a~licatioos of 1 JT'g/l fStevens et al., 1980). 

~ PgercJ has not located any incident data involvirg 
aquatic sp;!cies 

.. 
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2. 'lbxicity to Terrestrial Wildlife 

40 CFR 162.ll(a)(3)(i)(B) establishes certain RPAR criteria 
in relatiai to hazards to wildlife. Such critera are exceeded 
when · a . t:esticide •(l) o::cirs as .a .residue irrmediately 
following applicaticn in er ai the feed of a marrmalian species · 
reJ:resentative of the sr.ecies likely to be exp:>sed to such 
feed in arounts equivalent to the l!Ner age daily intake of su:::h 
ret::resntative species, at levels equal to er greater than the 
acute eral m50 measired in marrmalian test animals as . 
specified in the R:!qistratiai QJidelines. (2) Occtrs as a 
residue imnediately following applicatioo in er ai avian feed 
of an avian sy::ecies, re1X"esentative of the sr.ecies likely to 
be exp:>sed to su:::h feed in arounts equivalent to the aver a:;e 
daily intake of such re1X"esentative Sp!cies, at levels equal 
to er greater than the subacute dietary u:50 treasured in 
avian test animals as sr.ecified in tre 1E91stration 
Glidelines. • 

40 CFR 162.11'a)(3)(ii)(C) crlditionally lX'C:Wides that a 
pesticide 'f'nlroJ becam subject of an RPAR actiai stx>uld 
application of the i:esticide "reasonably be anticipated to 
result in significant local, regiaial, er national p:>pulation 
reductiais in ncn-target a-ganisms, Ot" fatality to rrembers of 
endangered species.• 

--'nie ~ency has located and rev ieW?d se•1e:al stOO ies concerning 
both the acute am chraiic toxicity p:>tential of paraquat in 
relatiai to terrestrial wildlife. 'lbe ~ency' s review 
findiB;Js are sUTmari2ed below: 

a. h:ute toxicity 
:1 

Be'ave:s (1979 l determined an acute cral IDso of 
176 (144-213} rrg/kg technical paraquat fer tmwhi te 
quail. In dietary t:esti~ (5 days m feed, 3 days off) 
the rc50 values for paraquat (29.1% a.i.) to ring-necked 
pheasant, mallard and l::iobwhite were reprted to be 1468, 
4048, and 948 ppn, respectively (Hill et al., 1975). 
These data have ~n extra1=0lated to a~oximate rc 50 
values for 100% active praquat. 'the calculated rc59 's, 
ccrresp::n:U~ to the treceed ing species, are 427, lI 9 and 
285 ppn. 'lbe extrap:>lated data indicate that praQUat 
is hi9hly toxic to birds based up:>n the ICsa for the 
nest sensitive species (Stevens et al . , 196 ) • 

In relatiai to mammals, the acute eral toxicity of 
paraquat rarqes fran 35 ?tg/kg fer tlE B!lgian hare 
Cdanestic vet"sioo of the rabbit, Orvctolacrus cuniculus) 
to 150 irg/kg fir the rat (Newnan, 1971). Th:! application 
of paraquat 3 lb/gal concentrate to atraded and unatraded 
skin of male New Zealand white rabbits induced very slight 
to sevet"e erythema (atllock, 1977b) One rabbit died 
(cause unspecified) six days followin:J treatment. 'n'le 
acute dermal toxicity of paraquat 3 lb/9al concentrate to 
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rabbits has been determined to t:e i74 (80-376) ng/kg 
CEUllC::lck, 1977a). ~oss patholcgy incllrled bloody t.rine, 
reduced food intake, reduced pulmonary rates, detressioo, 
diarrhea, ataxia, convulsions and collap;e. 
Ristopathology revealed crgan abnormalities incll.rlinq 
hemcrrha;ic, edematous ll.ligs, discolcred grainy livers, 
and soft vas:::ularized kidneys. 

rit:Elligott (1972) investigated the acute intrar;eritoneal 
(IP), subacute dermal and acute dermal toxicity of 
paraquat (Granoxone, 24%) to the albino rabbit. The 
!-!?so_after a single IP injectioo was calculated to be 
18.15 (10. 61-31. 04) ng/kg. The subacute ( 20 day) derlrial 
r..o50 rarged fran 4. 5 ng catioo/kg <6. 245 ng 
d ichlcr ide/l(g/day) by the occlusive technique to mer 24 
tTg cation/kg when air drying occurred. A single large 
application of 4AO ng cation/kg (with restraining collar) 
to an uncovered area did not i:roduce mcrtality and caused 
aily miner reversible systemic symptcms of intoxication. 
A lesser a~plication of 240 rrg cation/kg was, however, 
fatal within 72 hot.rs ~n applied ~neath an occlusive 
dressirq. Wien free groanin; was allow:d, residual skin 
cootaminaticn caused severe ton;Jte ulceration and 
inability er \.l'lwillingness to eat, even after washi~ the 
applied site. It has teen thecrized that the stratum 
ccrneun can act as a skin reservoir fer applied slbstances 
(Stevens et al., 1980). 

In relatioo to other terrestrial crganisms, paraquat has 
been round to t:e relatively nontoxic to honey bees 
(Atkins et al., 1975). nie Pgency has not, h:>'itever, 
located arry data relative to paraquat' s toxicity to other 
arthrop::>ds er 10\rer crders. 

b. Ao:unulatioo and Chronic Toxicity 

'Ihe Pgency has located and revie'ited three stooies 
concerning the chrooic toxicity of paraquat to terrestrial 
wildlife. 

The Eley Game Mviscry Staticn' s stooy, al thou;h lackirg 
sufficient detail with respect to the exper mental design, 
rep:irted that Cl:'anoxone redu::ed egg hatch. Pheasant eggs 
sp:ayed at the eauivalent of 1.0 and 2.0 lb/A yielded 
hatchi~ rates of 25 percent and 12 r;ercent res~ctively. 
The control group was rep:::rted to harJe hatched at a rate 
of 48 percent. 

wtz-OSter~ and R:!nou (1974) sp:ayed paraquat (lnkno-wn 
concentration) en chicken and quail eggs to sttrly the 
effect oo the irogenital tract of developirg emt:r)'Os. 'Ihe 
male entryo gona:3s \Ere rep:rted to appear snall and 
exhibited signs of intersexuality (p;eoo~feminisation). 
The gona:3s ~e characterized by ha11irg cnly a snall 
nunt:er of gonocytes due to a mitotic disturbance 
Cchraft:)Sanes distributed in a ccnfused manner). Male 
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muellerian tracts were very similar to the female geniW 
system. In !female emtryos, the si2le of the CNcries "'9S · 
not affected, but, shape and relief were. Also, very few 
gonocytes ..Ere p:-esent in the cnaries. 

lbffinan and IF.astin (1982) determined that paraquat was the 
most emf::ryotoxic to mallard eggs of f0tr CXIUJX>t.nds 
tested. In ;one trial, paraquat was ex~ined at rates 
equivalent to O. S and 5 lb a.i./A. In a seoond trial, 
three to s~ geanetrically gra:!uated concentratiO'lS were 
used to ~~ine emt:ryo r.c 50 val1.2s. 'Ik'eaanents 
OCC\red on days three and eight and were carried out in 
aaueous emwlsicn and oil as a vehicle. lbservatioos \tere 
cciiauc:ted until dey eighteen of incubation. The paraquat 
concentratidns remaining on each egg immediately after 
imtersioo ~re within the range of the thecretical 
resid1.2s exiected after sp:'aying at the eustanary rates 
of 100 gal/A fer aqueous su~nsions and ll gal/A fer 
oil fcrmulatioos. 

Paraquat in I the aqueous emulsion p:-oduc:ed a significant 
effect cn the survival rate for 3-day mallard emtryos. 
ltrtality was repxted as 23 and 73 percent at o. 5 and 5 
lb a.i./A r~spectively. Mc:rtality Cp < 0.01) was 
aecanpmied I by redoced growth, a significant decrease in 
croWl'H."unp length (p < 0.05) and a significantly large 
incidence of a~ surv'ivcrs (p < O. Ol cnly at high 
rate). ~n eggs "Ere treated on day B, 20 percent 
rocrtality cX:cired at the low:!r rate and 47 J:&Cent at the 
higher rate! A;ain, mortality was accanpanied 1:1{ a 
significantlredt.etion (p < 0.01) in growth and a large 
incidence of abnormal survivcrs (p < 0.05) at both 
rates. '!he tc50 val1.2s fer 3 and A day old emtryos were 
1. 5 and 2. 5 lb a.i./A respectively. · 

'Par'aquat in the oil vehicle ha:3 signifienat emtryotoxic 
effects at the hiqh rate of application in 3~ay ent:ryos 
(p < 0.01, 83% mcrtality). r-trtality at the low rate was 
17 percent.! 'n'lere were siqnificant effects cn growth and 
an inr:reased incidence of at:normal survivcrs (p < o. OS). 
~en treaanent was en 8-day entryos with oil vehicle, 
there was a I reduced growth ( p < o. OS) at both treatment 
levels and 93 J:ercent rocrtality at the high·rate 
Cp < O. 01 >-I 'Ihe rc 50 val1.2s for ::! and 8 day treatment 
emtryos \<ere 0.1 ana o. 2 lb a.i./A respectively for the 
oil formulation. 

I 
'n'ie J!gency believes, based p: incipally uron the results 
rep:::rted 1:7f) Fbffinan and Eastin, that paraquat can, under 
certain conditicns of use, cause significant redu:tions in 
certain sta:;;es of iNian reTX"crluc:tion. '!be llgercy, in 
coot=er ation with the Olevron Ciemical Canpany, has 
evaluated paraquat use and applicatioo and has developed 
methods by which paraquat' s im-pact may be significantly 
lessened. A d is=ussicn of those measures agreed up:xl by 
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c. 

both the ~ency and Chevrcn Chemical Canpany is contained 
within the conclusions sectioo of this docunent. 

Field and Incident Data 

Newnan (1971) rep:rted several instances in ~ich hares. 
were killed following the SJ:raying of paraquat. T\oo 
incidents in ~itain involved the deaths of '?O to RO hares 
followi?'.19 the SJ:raying of paraquat to grassy stubble. In 
0:ance, a n~ of hare p:>isonings have been rep:rted. 
In sane cases, paraquat residues ranging from 1 to 5 ppn 
have been detected in hares. 

To investigate the toxic p:>tential seemingly indicated hy 
these incidents, Newnan randanly assigned ~ult female 
har.es (Belgian Flemish Giant hytrids) to the following 
treatments: unsJrayed grass ( 3 hares - Q:-oup I), 
Cl:' amoxone ( 24 % ) sp: ayed gr ass allowed to dry Hi hares -
Cl:'oup II), and G:-~xone si:rayed grass available when toiet 
(~ hares - group III l. 'lhe hares were placed in :rn to 60 

,., enclos.res daily at 9 A.,., and remored at 4 IM. After 
a 2 week acclimatioo perioo, the grazing areas fer the 
treated groups were sp:ayed with Q:'cmoxone at 1.12 ~/ha. 
'lbe hares then gra2ed daily fer 2 weeks. 

Folloong sp:aying, the grass contained 1370 ppn p!raquat 
ioo. At the end tX- the ~k grazing pericrl, three 
Cl:'oup II animals were sacrificed and three were allowed a 
recCNery perioo of a further \tieek during which they \!Ere 
maintained oo rabbit i:ellets. '!he sacrificed animals in 
Cl:'oup II were exanined pathologically, and sate effects 
attributable to the ingestion of oaraquat lolere rep:rted. 
'lbese effects 'lrere lesioos of the tongue, pale spleen and 
pulmcnary edema. tb significant -pathological effects were 
detected in the other three animals at the erd of the 
recovery ~ioo. In Q:oup III, one of the animals died 
after eight days. Of the five sucvivc:rs at the errl of two 
weeks, one was sacrificed for pathological exanination, 
while four lolere allowed a recovery perioo on rabbit 
i;ellets. Q1e of these was excmined in aetail after the 
recCNery per ioo and showed no abnormal patholo;JV. Sore 
paraquat analyses were ~fotmed oo ergans frcm the three 
Cl:'oup II animals at the errl of the t\\IO week exp:>sure 
perioo, but negligible quantities of paraquat toiere 
detected (0. 5 ppn er less). 

I 

'n'tis experiment \\Ould tend to indicate that exi:os.re to 
freshly strayed grass swards can trcx3uce toxic symptans 
and er.Ten death. '!he risk to the animal a~ars to t:e 
lessened if the paraquat deJ:Csi t is dry Jrier to contact. 
'n'liS difference I OOweVer I iS i.mp:>SSible to Statistically 
quantify due to the limited nllnber of animals involved in 
the stt.rly (Stevens et al., 1980). 

In a canparisoo stlrly (de.Lavaur et al., 1973), it was 
rep:rted that no significant difference in no:tality could 
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be c:t>served betW?en •aried" Cl/3 died) and "ncJ11t--dried" 
(3/4 died) feeding regjmes involving the wild bare 
(Lepus europaneus) • }lg ain , h::>~ver , the 1 imi ted 
nlJl!ber of animals used in the stt.Dy did not permit the 
app:-oµ-iate statistical analysis. Ristot=athology of three 
surviving hares, 2 wee.Its p:>sttreatment, revealed a, 
globular sur"face of the µJlm:::nary lobes, which were dotted 
with snall blisters. Healthy areas of the pulmaiar:y 
parenchyma W?re dotted with atelectasis and emlf1Ysema ~ 
lesioos. Also evident was a wide-sp:-ea] and deep 1 

ulceratioo of the Malpighian epithelium of the torgte. 

Paracruat residues were not detected in lun;s, liver er 
kidneys. In the heart, traces of paraquat (0. 8 and 1.1 
ppnl ~e fbund in ~ hares. Concentrations of 4.8 and 
31 pn p:raouat W?re found in the content of the cecun. 

1 

M:!an ·paraquat residues (fresh W?:iqht) in plants ran;ed 
fran 27 to 43 ppn fi::r alfalfa and 50 to 71 ppn fCr 
surroundinq grasses. r:ry W?ight residues W?re 150 ppn fer 
alfalfa and 290 ppn fur grasses. 

'lbe Jlgency has conclooed, oo the bases of the EreCedirxJ 
t'NO stoo ies, that the hare 1=0ssesses a i:ronouiced 
sensitivity to paraquat. Although the numbers of animals 
involved in the ex~iments W?re too small to i::ermit a 
sound statistical~aluaticn, the consistent observation 
of lingual and ptlmcnary lesions is vie~d as Iresunptive 
evidence of such sensitivity (Stevens et al., 1980l. 

'I\lo m::ni tcr ing stoo ies, conducted by Olevron Chemical Co. , 
COlevroo Olemical Co., 1974 and 1977) did not identify any 
ill effects to avian er other wildlife ~cies c:t>served. 
'lbe 1974 stt.rly involved the applicatioo of paraquat to 
sunfle'iers at rates up to o. 5 lb a.i./A. In the 1977 
stu:fy, a 2\ aqueous solution of paraquat was applied 
dlrinct a ParaC!t.Jat ~sin Soaking in the S:>uthern Pines 
Pt:'ogr an. Al thou;h of sane interest, the results of these 
stOOies are of ooly limited valte due to the ll'l!thOds and 
rates of application (Stevens et al., 1980). 

Rivera ( 1973) reprted that 72% of a i:op..Uatioo of R4 
geese died within days after an a]jacent·field was treated 
with 20% paraquat. ru though the geese W?re fenced off 
fran the treated field, it is theorized that the hea.rf 
rain which fell the same day of appl icatioo and a!; ain the 
following day ran down slop:!, forming small }U3dles which 
were accessible to the geese. Sc:::me of the symptans 
c:t>served W?re: restlessness, ataxia, motioolessness, loss 
of a~tite, salivatioo, convulsions, and atnrmal 
P'Si tioo of neck and head. t:eath apparently occurred as a 
result of contraction of the respiratcry muscles. 
Necropsy shoW?d symptans of _asl'.tiyx ia, minute hem:x. ha:; in;J 
of the epicard ium, and ptlmcnary hyp?remia. 
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IV. Conclusions an::1 ~cmnendations 

Wi. th resp:!ct to paraquat as an RPAR candidate, the ligency conclu:!es that 
the p:-esently available data do not supp:rt a •R:!buttable ~esunptiai 
Jlgainst ~ist:ratioo" iJ'.' relatioo to those criteria cited within 43 FR 
30613. Al tho~h the ligency believes that 40 CFR 162.11 risk criteria have 
been exceeded ·in relation to both avian and marmalian wildlife, certain 
measures, described below, have been taken which reduce the risks to a 
degree deemed acceptable. 

A. Teratogenicity 

Wlile finding the fotr available op:!n literature stooies J:&taining to 
paraquat's p:>tential teratogenicity to be inconclusive, Pgenc'f review 
of tw:> registrant submitted stlrlies found to t:e valid JrOVided no 
indicatioo of teratogenicity. The ligency has, therefore, concllrled 
that, in relation to teratogenicity, no scientific basis exists for 
p:-esllning a;ainst paraquat's cirrent registratiai. The Pgency, 
further, believes that the clrrent data base is cdeq.iate and will rot 
require the stbnissioo of additiaial stu:Hes. 

B. R:!p:-odu:tive Effects 

Insufficient data are available with \otlich to assess the p:>tential 
reJ:rcrlu:tive effects of paraouat. A No Cbserved Effect Level (l'DEL l 
could not be established fran..t,bose three stooies located for Pgency 
review. Althou:;h insufficient, the Pgency has noted that the revei\oied 
data do mt indicate any cdverse effect. 'l'1e Pqency has been unable 
to either establish er disJr011e the existence of rep:-crlu:tive effects 
fran praquat expJsure. 'n'le Jlgency will, therefore, require that an 
additiooal multi-generation rep:'crlu:tiai stlrly be sut::mitted fer Pgency 
evaluatioo. 

c. O'lcogenicity - Chronic Feedin; 

o. 

'n'le J!gency has revie~d fotr stlrlies concerning the p:>tential 
chronic feeding effects of paraquat. Iri surrmary, the Jlgency fbund 
each stooy to be inadequate. In the absence of acceptable data, the 
Pgency has been unable to arrive at any conclusicn concerning 
paraquat' s p:>tential for causing chronic effects er its p:>tential as 
an oncoqen. · The ligency, therefore, will require chronic feed in;; 
studies utilizing both the rat and the dog and cncogenicity stooies 
il1'1olving both rats and mice. 

~ta;enicity 

Incouplete data are available with '4tlich to assess the nuta;tenic 
P'.'tential of paraquat. '!he available data have p:-011ided rx> evidence 
that praquat causes dc:minant lethal mutatioos in mice er reverse 
mutatiais in the Imes strain of §.· typhimurium • Several 
inadequate stu::Hes, ho"'1eVer, suggest that paraquat may cause reparable 
mA dana;e in t>acteria and in human cells in vitro, indu:e forward 
mutatiais in .E.· $YPhimurium and Asi:ergillus nidulans and indu:e 
gene corwers1ai in yeast. Due to stlrly inadequacies, the Pgency can 
not reach a definitive conclusiai regarding }:Braquat's muta;enic 
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Jl)tential. '1'he }lgency will, there fcxe, request sU::mission of 
crlditional mutagenic test data. 'these data requests will inchrle a 
manmal.ian in vitro EOint mu~tion test and a Jrimary Ota. dan~e test. 

E. Lack of Bnergency Treatment 

1's discussed earlier . in this docunent, both the CX'al 
a:lministration and skin abscrption of par-aquat have been resp:nsible 
fer p::>isoniD3 incidents. 1'B little as l teasp:Jon of paraquat can lecrl 
·to intec'stitial fitrosis, respiratcry failure and death. Following 
in;Jestion, several days elapse befcc'e dys?lea and · several \eeks before 
death. Ristopathologic e..raluation of the lung in fatal irgestiai 
cases show several states of lung involvenent. '!he i:rimary trocess 
appaars to consist of hemorrha;e, edema, increased macropha;es and 
t:ronchiolar dama;~. '!his is folle\ted by septal thickening, ·fitrosis, 
increased f it:roblasts and honey canbirg Oebello and f".ascn, 1918). 
'!be }lgency, ho\ever, believes that the therai:eutic app:-oach to 
treatment of acute cral exp:>sure (Cavalli and Fletcher, 1977) has been 
demcnstrated partially effective. 'lhe Alt Survival rate occlrring in 
those case histcx ies available to the Pgency in canbination with ~ 
rapid availability of treatment infcrmation <i:rcwided by the placement 
of a Otevrai Otemical Co. 24-hour energency treatment telephone nunber 
on all labeling) su:;gests an crlequate emergency treatment fer 
accidental cral contanination. In additioo, the Pgen:::y, ai A~il 14, 
1982, established an exempt.ion -fron tolerance for an emetic W'lich is 
to be inccrp:rated into current paraquat formulations. This emetic is 
intended to induce rapid vanitiog thereby redocing the ahs:rptioo of 
paraquat. '1'he Pgency, therefc:re, does not beliec.Te that a;:3equate 
gromds etrrentiy exist for the initiation of an RPAR action based 
up::n the lack of emergency treatment fer cral exE05ure. 

Orrently, no da~ are available with 'Nhich to assess the crlequacy of 
eme:'gency treatment fer _dermal abscrption of paraquat. '1'he Pgercy has 
noted, ~er, that relatively few dermal exp::>sure cases have 
resulted in fatalities. Paraquat ~ooucts, with the exception of a 
haneowier use p:opoct oontaining a ,,ery low concentratial of aetive 
i.ngred ient, bear restricted use classi fica ticn. Applicatcrs of soch 
~Odu:::ts are required to undergo traini~ in the safe handling and use 
of i:estic ides and receive instruction in p:crluct label in; and label 
inter~etaticn. CUr:rent paraquat p:oou:::ts bear labeling instroctions 
fer mixers arx3 applicatcrs in exp:>sure redocticn techniques. 'lbose 
involved in mixin;J are instru::ted to "wear a full face shield, rubber 
qlcwes and a~on• while applicatcrs facin; a risk of exp::>sure are 
instrocted to "~ar goggles and aPl%'oved face mask capable of 
filtering sp.-ay ~plets.• 'Ibey are additi~lly in$trtx::ted to ""Ear 
water~OQf foot\e~ and clothing W1en sp.-aying er '#hen contacting 
vegetatiai 'Et with s~ay." 'lbe Agency beliec.Tes that the 
Jrecautiaiary measures dictated by ctrrent labeling ere crlequate for 
the p:e..rention of dermal acute toxicity. l\tlile reemphasizing that no 
data are available with resi:ect to emergency treatnent fee: dermal 
abscrpticn, the Pgency has cone! ooed that an RP.AR action \IOuld not 
appear warrented. 
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F. Acute 'Ibxicity 

Ps p:-eviously di~ussed, the acute toxicity of paraquat is high 
-regat"dless of the route of exp:>sure. '!be acute cral (rat) and acute 
dermal (rabbit) toxicity data demaistrate that small increases in dose 
elicit large chMges in resp:::inse, thus indicatirg a steep dose
response c\rie. · !teath usually o=ctrs within 10 days of exi:cS1.re as a 
result of intra-alveolar heraTha;e. .animals which die within 24 
hotrs of dosin:J show no remarkable pathology. Animals that died 
within tw::> to fi~ days of dos~, however, demonstrate severe lunq 
~estioo, edema and variable inflanmatcry infiltrate. Animals that 
died within five !to ten days show l~s characterized by hemncrrha;e 
and fibcosis. Al thou;ih paraquat must be considered highly toxic, 
neither the acute cral ncr dermal toxici~ of formulated p:odu::ts 
exceeds those RFAR levels established under 40 CFR 162.ll((a)(3)(i). 
'1'he Pgerry, ther~ fcre, has concl l.JJed that an RPAR actioo based up::n 
either acute cral er dermal toxicity is not warranted. 

I 
'lbose data relatfn3 to acute inhalatioo toxicity have been revie~ by 
the Pgency and h~e been ju:!ged incrlequate. 'Ihe tw::> stooies available 
for Pqency review p:011ided r.c5f) values r~in; fran 1.0 ug/liter to 
6.4 m;/liter. 'the obvious disparity of these results p:events the 
Agency fran arri~i.nq at M'l'J conclusion 'cooca-nirg pa:raquat's 
inhalation toxicity. 'Ihe Pgency, therefcre, wil_l require the 
sul::mission of a rat acute inhalatioo stlrly. 

I 
G. 9.lbchronic 'Ibxicity ._ 

I 
Two stt.xHes dealirg with the subchronic· cral toxicity of paraQUat ~re 
available fer Pg.bncy review. Althou;h the 90 day dog stu:fy by 
Sheppard (1981) ~gests a dietary tb Cb~ed Effect level of o. 5 
ng/b;/day C 20 ppn) , the absen~ of a val id secaid stt.rly in another 
~cies, p:eventS the establishment of a N'.JEL. 'Ihe available 9o-day 
rat stu:fy (Kirntrou;ih and Gaines, 1970) could not be utili2led due to 
the l~st dose tested (9 m;/kg/day) havin; p:odu::ed lung fit:rosis. 
"'1iile the Pgercy i w:>uld, under certain circunstan~s, require the 
submission of a val id 90 day rat stooy, the existing recuirement for 
the subnission of chronic rat and dog stt.rlies obviates the need for 
additional subchr!-onic stl.Xlies. 

I 
In evaluatin:J the subctronic:: dermal toxicity of paraquat, the Pgency 
revie~ the tw::>'available stu:!ies (M::Elligott, 1965 and M::Elligott 
and 9.ilanstc:n, 1~6 ) • These st:OO ies, while ind icati~ that paraquat 

· can be absc:rbed ~u;h the skin in sufficient quantities to p:oouce 
1\.03 effects (c:xngestioo and alveolar wall thickening), were 
determined in~ate fer those reasons cited under Sectioi III of 
this docunent. 'Ille Pqency has, therefcre, conclu:!ed that an 
additiooal subchtonic dermal stu:!y (21-day rabbit) must be · subnitted 
fer Agency evaluation. 'lhis stooy is to be cooou::ted in concert with 
a dermal abscrption rate asessnent. 

I 

'Ihe available subctronic inhalatioo stooies indicate an extremely low 
~ Cbserved Effect Level (NOEL). Both Hardy et al. (1979) and 
Q:imshaw et al. (1979) established N'.JELs of 0.01 ug/liter under the 
caiditions of ~ experiments. The 'Pqency, utilizing the 0.01 

I 

I 
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t.1;1/liter NOEL, undertook a non-dietary risk assessnent fer inhalaticn 
ex~Stre. 'Ihis a,ssessment was a:>nd_u:::ted as follows: 

l. NaidietatY Risk Assessnent 
I 
I 

In the creation of the risk assessment,. the }gency established 
a 'AX"St C,ase scenario. It was asst11ed that applicatcrs \IOuld 
not te wearin;J JrOtective face masks as called fer by Jrodu:::t 
labeli.n:J • ' It was fut'ther assured that 100% of the CNailable 
paraquat~ respirable. ~sumptions made in relation to the 
experimental animals involved in establishing the OOEL were 
that the Fat tx:rly weight was o. ~o kg, the minute wlUTle of 
rat" lungs is 0.101 liter minute • 'Ihe exp!rimental 
expJsure 

1
pericrl was 6 hout"s. 
I 

Rat expJ5ure 6 hot.rs • 360 min. X 0.101 L min.-l = 
36. 36 1i ters of air/day 

0.01 ug/L X 36.36 L/day = 0.3636 ug/day 
o.3636 t.1;1/day I 0.250 kg= 1.45 ug/Kg 
1. 45 ug/l<g = O. 00145 ng/kg (NOEL) 

Methcrl of Apelication 

Per ial Application 

Exp?SUre Estimate <ns/kq/dav) 

l) Applicator: 
2 ) ~ ift F.x:IX>Stre 
3) Flagger 

Backpack SJrayer 

Tr actcr ~ a\\tl a:xJn 
SJrayer 

Yard/Garden 

Cotten ~ill l-b:'kers 

~chanical Harvesters 

1 ) Cab Oxr Op?n 
2 ) C.ab O::xr Closed 

U ~ar ing f~ce mask I 

0.00460 - 0.0091 
Si.J)0089 - 0.0022 
0.00089 - 0.0022 

0.00010 - 0.0038 

0.000021 

o. 0001 

0.000015 

0.000097 - 0.00026 
0.0000020 

< 1 
2 - 0.7 
2 - 0.7 

1 - o. 4 

70 

10 

100 

10 - 6 
500 

As sho\..n ! by the i:recedirq table, those JDp.tlatims faci~ 
the greatest risk due to inhalaticn expJsure are: aerial 
exp:>Sut"e I (Applicatcr, ti-ift and F'lcqger), Backpack si:ra~rs, 
'n:actcr}:rawi Boan Spayers, and Ycrd/Garden Applicatcrs. ·--· .. I 

2. Pgency Conclusions ~ardin:J Subchronic Inhalatim Risk I -
While ~ Margins of Safety (MCS) \IOuld aPE=ear exceedin;Jly low 
fer certain applicatcrs, it must te emlilasi2J!d that the roEL 

I 
( 
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utilized in the risk assessnent was derived frc:m stu3ies in 
which· the prticle sizes all fell within the respirable 
rarge. It is unlikely that the silnulated rat stu:ly situation 
w:>uld occ~ in actual field situations. 'Ihe ~ency has 
develoJ:ed data (Raksphal, 1981) which indicates that in actual 
field situations ooly 2 percent of the qeneraterl i:erticles are 
within tJie respirable rarge. F'l.rther reducing the nlltlber 
of respirable particles w:>uld be the use of face masl<s. It 
may be seen, therefcre, that the actual MOS fer any given 
risk qroul;> w:>uld Jrohr..bly be siqnificantly greater. With the 
data at h~, however, the ~ency is not in a J:OSition to 
establish

1 
Margins of Safety clearly relatable to actual use 

situaticns. The Pgency, therefcre, will require CIX!itional 
testing W!iich will hetter app:-oxilnate worker /a'!=Plicatcr 
exp::>sure., Inclooed in this stt.Dy will be a requirement far an 
i.r'lvestigation of face mask filtering capabilities. 

I 
H. Fish and Wild! ifej 

Mmanals, Em"ticul~ly hares, have been demaistrated to be S!!nsitive 
to paraquat. The: best available data indicate that the acute c:ral 
toxicity of paraquat ranqes frc:m 35 ng/J-;g fot' the hare to 150 ng/kg 
far the rat. 'Iho'se stu:Hes "1ich established the tn50 valU2S <Ere 
l.rtdertaken utilizin;J formulations containing 21 percent paraquat 
cation. The Jlgency (Stevens et-al., 1980) has extrap:>lated these 
valtEs to arrive 'at thea:etical rn50 valtEs for technical paraquat. 
The Jlgency estim~tes rn50 val~ ranging frcm 10.15 ng~ for the 
hare to 43. 5 ng~ for the rat. 'these vallES are exceeded 
( aq;roximately 2 

1
to 20x) by expected field exi:osure levels. Field 

exp:>sure levels have been calculated to range from 110 ppn fix lom 
grasses to 240 PPn fer short rarge grasses (Stevens et al., 1980). -
Fer a 2-4 kg hare'. to consune an anouit of paraquat contaminated 
vegetation equivalent to its' LD50 , it \toOuld have to consune from 
· o. 07 to 2. 8 n; pl1ant material. 

Al thot..gh acute Jxici ty is of concern, the 'f!gency believes that in 
many instances mamnals w::>uld not consune a lethal dose dl.E to either 
lingual inflanmation a- the tnattractiveness of paraouat dessicated 
vegetation. ne !~ency is, p:>tentially, rrcire conce::ned with the 
subacute effects.~ '!here is evidence that feed in;, µrticularly on 
freshly sp:-ayed for:a;e, causes severe lingual necroses arrl a 
slbsequent inabi1

1
ity a- unwillingness to eat. The stcmachs of s::me 

dead animals \ere found to be empty. Several incidents in Britain and 
France following jthe ~aying of paraquat on a variety of sites 
(rostly grasses) 1 have been reca-ded. Paraquat res:irlues were detected 
in gut and lrine !sanples. '!be detection of 'kills may be related to 
the monitor:in; e~fcrt and the p:-oxilnity and accessibility of the site 
to human activiey,. As a consequence, the rep:rted incidents may be a 
snall sanple of ~ regularly occtrrin;J phenanenai. ne ~ency, 
ho~er, in evaluating the significance of a p:!Sticide' s impact, must 
take into caisideratien the sites, rates, timim, etc. of application 
as they effect exp:>sure p::>tential. Pelieving that ooly certain sites 
of application rep:-esent p:>tentially serious exp::>sure oppxtuni ties, 
the A:Jency has eJaluated ex istin;J registered sites. 'Tl'\e ,!gency' s 
conclusions are #'esented below in conjunction with the dis:::ussion of 
avian risk. 
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I 

I 
With regard to a'1ian 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 SFecies', while exceedi,n::J the 40 CFR 162.11 fc) (1 H iii )(B) 
criterioo fer restricted use, dces not exceed '!igency RPAR criteria. 
'Ihe /lgency has conchrled, therefore, that the available evidence does 
not supp:rt the issuance of an RPAR. The '!igency, ho~er, does remain 
concerned with re~Fect to the paraquat's apparent impact upon eqg 
hatch. Al¢c>l~h there is evidence to supp:rt the contention that 
paraquat can a:lversely. affect eqg hatch, the Pgency must cdditionally 
coosider the p:)tential fer exp:)sure. The /lgent::'f, in cooperation with 
the Olevron Olemical Canpany, has evaluated the ctrrently registered 
sites of application. The Pgency believes that, in nost cases, those 
crop and pastt.re sites ctrrently registered "°uld not ~°"ide 
~ime wildlife habitat. As a coosequence, only limited p:>pulatioos 
would be at risk. The Pgency, l'x::>wever, did conclude that certain 
noncrop sites, and one pa:stt.re application did ErorJide p:)tential for 
significant wildlife exp:)sure. '!he /lgency and Olevron Olemical 
Canpany have ~eed to Jroceed with the voluntary cancellatioo of 
those sites "'-'hicti }X'esent hiqh exp:)sure t=0tentials. 'Ihe elimination 
of these sites frights-of-way, including highways, par-kways, r~s, 
dividers and medians, railroa::ls, electric utility and piJl!line and 
pasture applicatioo east of the Cascade and Sierra Neva:3a M:>untains 
and vest of the Fpcky l"ouitainsl similarly relieve }!gency concerns 
related to mamnal'ian toxicity. Al thol):fh paraquat has been found to 
exceed manmal.ian 'risk criteri~ the lqency helie,1es that ttie 
cancellation of the afcrernentioned noncrop sites significantly 
redi.x:es ext:esure ·p:)tential and obi1iates the reed fer RPAR action • 

• 
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