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to it. : 

141006 

( \
1li!t[1out an~/ horrr.1~Jne 

otr-1er" s_:,::::1rnplf?;; tl:at ';i\1e 
,_:::cr1fr1.::inted vvJth ic:ii,,,\,'--

-~S 

rr:J\asia) ;J nec8S':=.ary ·:;rep f()C c:=incsrou:::.. 
-------+--- - '=~nc·e( 1s 2piden-1ic- in inLfi__;'_~:tna-11 [::ecl countries:4 

up tc .r: piciorarn--t!12 rT:cist popu!;Jr l11~rtdcicle en public !;Jn!j::;); a!re:31j:;/ ;~s~,c1ciatecl \Nitf-i 
'::'..f''iera! l1urnan 
:ri rnale rr11ce .:::it :J icHt.1 
cJf)Se·~ _ius~ t:,v1:_::; tc1 t:;'-Jer 2C:1 tirne::::, 

;3ct:c;r1 vL3 the ancJrct~1en 

\ti!'ds ·:::ho1ivn tc1 sis;n1ficantly speed Se>'.U~li rnaturity of ths pro':;t::jti~ 
relt\,..ant clcse; it s:;~1n1f\c:::=inti~y n::tar-1.::Je\:l this clevei(::i~-:1rnent aT 
. !n vitro, it \r>./2·; confitrned t!1at the l1::J\·\i close HCE; stirnuL~te1J 

tn1s 1i1e c1rl-1er fc1rrnu\atecl in,gn:;'Ciients::) ·,,r..,1as ac!cJecj to the drink1n~1 ·~\iacer c1f r;1estatin~1 1T1c~tr1er 
n11c2. T[-!1~ dl_fti1r~;r·::; used EP/\'·; r~pr-1=_11Juctl"~-'e effect tr:-st proto1_:c,\ for pi?stic!1J2 r-~:::-1]1s:.n-at:on but 21clcJc.·1j a 
.1C\1\1'CT the frJur clo·::;e-s spannerj a l 1J,C:(H)-foici rcinqt:. .A.t several time:=:: cir the ~/S:~r 
( l:Jecau·;e ·;e,J:;e,;:-; aff:_?!~J::=:; ·;ex· pr'C1cluctic1n in rnoti1er-·;, a 'v';31-iatJl~_), trJ a 20'06 1ncrea·::,f' :n f::::1il1::<i 

tr-;an tr-1e rnaxitT!l_;:T1 EP;.;,., anc·~"v"S in 1:Jr-1nkin1J '~va-;::er. rr-1:~rt t=lt<=.e \,i.,,·a·:; 
tc EF'.A.':~ F~fC--tr-:2 suppo·::.edly· ''per-fe;_:::tly ssfr:-:-1' rJose--f:Jr 2,4-IJ~ t:=. 

al:a, .~ri 

!1f,~, :J t""~:~_jo:~ ri·=:;i: 
testecL · 

;:::'_ 5hc:-t t- r-12 :.<1c-,r.J CCi]t<O!"' 1 ~J~J·;J '~'C-'::;t:;::::dt:: i i'.:~e in ~~l~ U. ::;. 2nd 
i11d. H23itr,:i5:24C:!S. 

in s.orne pe.~.tii.:::::de s), 1r: •:,,~~ 

'=)f anc'. C:tf !er E:::f,rcl~jen11=- Chern\ca~s-, 1Jn tt'1p S:ze cf !~eprc1dui:~tl\/e C)rQan:::.~ Dai!_~/ 5per-m Pn::;1l~i_Jcti•:::r1 E~: 
E;: ~i-rc:.'l\/] .=ir' T ;':i:·\ ! CCJi. s,. i nd1.! ';:J. l--1\~ -~~it h: ·; (Y~2: z.=; and F'.'.. \/err s .::F.~i '2 t .JI. ') _S\.9.5 T:::f:-dcc .. 1, Lt(:_:;, ?'7: 3 4:3- ~; 5 D~ and f _ 1/Ctrn 
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ci:·;rupte:-, !Ti8)'' r:::·aU'3(? Str-1:::1i-i'.;Jel

testinQ. [)e\<'e!oprnenta! 
:3ctu~i:' Fiel1J c1Jndition~;, tt1at 

1_111 d:.::-ises than at thi=? h1c1her· 1JL)~;t~'=· cd m\'1,- 11'\l 

(11(--/IL-,-'-·\-',) h-~.-- ,~hr,·,-, ':,-,f-h it-; T\---- ],-.>"' .. -,- -i ·
'- u',_.·/ [)':Ji), ~i. : ;d:::_, ,'.::., 1 1 ~'\,";[ i; l_I'--' ·'I ''' ·- i!:::' 1.:Ji_J di iU !I! 

(J. -1 pptJ cic?e--a utJiq1_J1tou·:; en\i!t-c1 :-:~n1rT~ai !.E:. 8\"en in are.a:~; 1f./11e:-2 it :·:::. r~J:Jt :_!:::=:c?:::::;--

1s :3C\Q1JO,OCJD titT18s(_l) !01.{l . .1sr titan tr1e r-e~.ult U':;in 1~~1 t!12 trad:t1c1-1al protocol fcir arr1pt1it~iian 
1-2pr-·=-•cluct1ve . /':, 25 pr~-'b ,::_-c 1 n'=-'~~ntr:::~rti'::-\t-, i:-; t:·-1e l'::it:~ ry- unc~r::::ir:tarninated Fie)ci' 

eiic\t_lst-10\,\i ·u-1cise E!ffect:; .. ':1 Ha:/e'~. at:- 12z:ne iT1ay tie a1cluc:in~1 tf-i.:' 
,3r.3rnotase., used to pr·c1duc:p th~ C\)!Tf'::'C.L t-r:a!2 and ferrr3!2 ;e\'. t'"10tTnC1!-1S-

tin1es i-esultn1Q \n replicating i·esu!ts s-1 tirrie~:. !\ ... 1e2n\/1./f-i :le ·~;cie.r1tists fu:1cJe;.::J tJ'y 
:·nanufact1_11-e-r of atra::=wie say they :~He,=, u:-=at:_)ie to replicate :::t-i!s effect 1 (J L\es~~:;rte the:::.e "''""-,,-'"Y' 
d1 up tc1 3C: rin1es \Jt~l::i1.N t!-ie ailc1~\l.~1l=·1i~' 

c.h that r-equ!re1J'-t:J-l:1e s . .::Jie e>,pDs·u:·e 
re.::::tricitcin:=:: ciri atra::ine use. 

ln e/tsnsl\/2 e>rpe1ir1P:::·r!'t·::; fr:::·!- L101r-, ieiV1..'-<Ju::;:>3 ancJ effe:~.t~;j rats lJc1se1j ~vn:n thE-
1.:::::nlorclecc1ne anc1 tt1e S•J!v:_::-_·nt/c:iea:1er· cart::c~1n tetracr··1ic1ncie ( !\r belov·.,· acutei·,., t!J:~ 10 le=+=,, 

phe11op~--wt:1itc)i for carbon tetrac!-dt_~cide ill rnt:< ~::aused c::c:rnp!ete li\,;er f;:Ji!ure, e\,,e 1

·: \~f-"1. ,::_ e__,;::;u·::_,e;J 
i12Jf as ir1ucf-i l!\:\:;r cla1r1a!;Je as the fi:-:.:;.t· rn1xture 1 E/.tensi·-./e e>::perrninents inclicateci -ct: at t~-d·::. :Jn1~J ·:=.i1T11iai-

r-esu!ts are like!~/ clue to tissue rep2i1- beii-P~J. acti"./:~te:j t=iy.' ttssue \~drnar~Jt\ t~iut 
Tne··'/ call tt-1is a 't'f/C-tt-weshc,ici rJ:_::.ses) r·ncicit:~: of to>~icicrty an cl po\nt out the serious 1_::haHEln'.;ti? i1 po·::.e:::, tci 
~-- ,,-.,__; -:i'I .-, pt\ \;'!--. .------· -11-f- 1·-« ,..____I- 1··--•·,. .;---- .,__,__ -'--- '-·---'fl~P -~-···--,,--•-- --- ~'---r-;J aulL10ll (::.; i,_.::: .. , '.!'.. 1, v t: .::.Oj ':,-, _,l_:1 i c:::.::.LJi :_·~ id)' .f'·! ~--j~ LS' dJ u: :~ UU':::.f.::./ ! t'S[JU J _. d'.:::,':::,,_jl ! If) uur i i_i i c_i1_ '-c"''' c _,,,_, _, 

relies so con1p!ete-i~:/ oni 

in e\sQant e:;.::p2rirn1.:.:~nts usin~1 rr1a!niy pe;:;tic1clt·'S) 1t v,,,,',~s ::=.\-;01,,\·:: ti'iat ac:th/atecl sl~1!-1al!ing <v' ,, eTn'' 
(such a:::: a horrncine docking \Nit tr it·::; recer.1tor) 1t-1ere i-ncjy Lle 1--10 rjc:_:se tt-1re~J1oltJ l::.1ehJ'•/'.,' V·J\-11c1-1 no effec:t 
;~;ccurs. -1 ? 

\1anc:u:::. c.::::.r·nt=11natic1ns of the !1erbicide 2-1 r-:~ 7ine, the in·::;ec:t1c1des ah-licarh . .:::i:::J car!-:a:-n2te, ~:iru~J ni1·t·;1T2 

( fsic1ii2er) ha1j s_ynerglstic effects ... aT tt-12 C'=Jncentrations tile~:/ re t)/PH::::.ally ruunc rn 
t=relov·-.1 t:innkinQ V·Jater i1111rt::::. ·:? 

-- .. ----------

E cc1lc-~1i ca ii'/ Rel~\1ant [J<:•Se.'s' Frc-; Ct~:e,:Ji ng:::; i'..Jt i. c:it S cienc 1~s: S19 :5 4 7 l3-=:, 4:3Ct (1at1 
. !i. ZOC1:3 '/l,tra::::ff1e-lnduc:ed Her1-ri;::iph;-oj1tis:0 at C. 1 in J~.rnet-i·=:an 

P er~;pectP,fe~;: -107: 15 5- 'i 5~L 

\ .A. n d. Hayes et ::::i . 

-1 :::; "v'V. F··=irtr:t- et ai. 19'::=39 ~Endocrine, lrnn1un.e ,5;._ E~2hcf.iiC·~-a! EffE.··=-t'; of ... A,t c;1-cund'·A'at>?t" Conc-'2~-1t·ations 1 T 1 ~:; 1c:oi. ,s 
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u: 
-i 5 

naphthaiene and n1tn=1::3ni11ne (at cc1ncentratic1n·:; oc1:Uf:•;3tlcn:::J! 
an,_:1 n8uoroioc11c: ar:::::ute effer:.:-i::·:=,. t::.ut 

~~~~~~·~~~~11~;~~;-~_i'.~~t "No rTn~ ~ ;11:~~ ~1arasite t-1a·:=; ~i~~~~1:~~£~~1~1 ,,,~,'.~:st:_~, t,e a c1w~~ ~9,~1~~;:~~~;~~~~~ -~f ;:_,~;~=~ ~i~~;~1 ·=~=f ~1~~1~-~8~v' itr,: 
obser\ied s1-::i 1;-equ2nti~/ in the C:> ( ,3t(~C:'.W!2 !tse!f n12y contr-:t=Jute 10 t~1e arr1f::)f1itiian 

1-rs at en 'v'ironrr:r:n1:al ccncentratic1n:~2-1 ) . .At 

---------------

tt·1u:=, tt-1:=:;ore-:::1•:::.aii~/ tt-1es2 insect!i:1de':; aT 
',/vt-:ich is usuali\' ctJser\1ecl in tt1e e\iiclent 

:ncr-e:3c~es; c? t::rf:iai' in- 1)itro at just C:_ l ng_/nri ( rcu~Jt-1!y, C. ·1 
nitrit~:: c::r atr;3=rne a!cine 1-equir2d ::_,onc:entratc1ns ·1,DOC) tci 1 U.C)Cj[i tirne~: 

;='incl E;,irth [:1efec:s 1n Rur::::! ti 111nn_' En\i. Hec1itt1 PerspectiVt?S 
~~ 2i. 2<:=:102: i:Jt::it:::OV1I :i. 

2,~::1 t'i\1,~en Ti-e.n1a:_:-_<i~ 1,1f~::ti•Jn end F-·=st1cide Expos1~H·>:', a Link t 1:::J Arnpr-:1t:;ii:::1n 
hltL , _ _.1 -~c!en1::.e:'.:'.1 S':'0S•JC-·.;;,~Q4. See also;;_ Ba!usrein s~ F·. Johnson FeiJ 

lf\.JdLiced by Pesticicie 
' EiT'.!!(Cn Tc:i:r iced '~~'. cr-·1~1T11str-y:=:2:: : ; c 1 ... 1 u. 

L_. r ... 1,--::-:sner r::t ;:_:i : -~~-~-<=-' ':n-\/:: c' Eff..;;c.::cs ;::1f i\j- c]1L;-::-·:cc:11.~::::::n~ On 1=::-1:-•::!fTY~l';; ::ne Breaka(Je' ,D,r-ch. En\/. C;_)ntatTi. oy 

~ "·>+:: U:~- 1 1 2. 
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at ccinc:-:entr-ations founcl in faiTn ~-un-off.24 

T!-1e r:::,,~ffrie tean1 i"e•:::.entt/ tBstei_j a :-n ! \_ ,: ··- l-1 r- :-·! -

n1etola;:.~1lc::-1 alacr-1101-i n1~tyla:x.y·1 8~ 1:i1-1e c:ti:er~ tnree- an!j t\ 1'_10 

cau~:~ J.::-\,1eioprnentai 2t1ncirrn.~!it1e·~: 1n frcrJs at D. ·1 ppt,1 (a i~-=;1 .. v, en\:'. reit::~\:',=Jilt cl1]~.e'·1 

·-=-~il~ one (at tt-1e s.~:T1e , aover·se ,::_1ppe-ared an:j arr1r:d1f1e.:]-t,c1c,1,:,CJ!i 
tt-:e ni_irTitier c1f acicie:j psst1ci1Jes! The sffe·:.t:::. \•Vtre :.::.lov\,;ecl 1ar\.1ai 
it:·:-;~; !n1rnune :-esponst:-"; antj tTieir-e procluction c1f str-2ss ilorrnones ( './'./hv:::h a:··c, f.:nc1\ 

;::.,, n1:;,.:, of 2,4-[1_, .GJ!~:/pt1osate an:J tn·:lop~,.,T 1-1et-t=1icide'.:. v·./a·:; 
rsci:)rnrnsndc<:l for fi81cl applic ationS. 26 

\1\/h!ie ;12itt1er of ti-:ese t1.1\'0 2.!. a!on2 t!1e ,;iii! c:.::~ll~; 

fcJrrnu!ations they cJr:\ an outri~1ht prc:)of of syneri;iy.28 

J';,,,. ·::;eries c-,if f-;dpe~-·:::~ on :=:;irn1l:~r fCJiTnu!st1c1n '~vith the sarne \ 1 cir dun 
1:Jan1ag1~\ ofter: clue to "inert'~ ,=1f tne fc.:nT:u!ation, ~-1~. ti-:f 
jepression cf re2,pirat1:=1:-: Wi rn:to 1,~J-ir=1!-:!~Jft3 for tt-ie rni:l_ t=1ut not t~-1t• in1jiv .. ~t.L, ',Art-1iie a F!nai 

M. ats c:onf1iT:l?ti,::1-1 c1f ·u12 aiJc1·)e tTritot'::::·r-:onclrla , e·1cep\ usli-irJ 
2, 4-D, ai·::,o sno1.t1.1s shcv1,,'S an intet-.3ction 1/1.iith cc:itT1plex of t~-1E'. r-espiratot-~/ chain~ an1j a r•2ni1al 

f~jr tn2 pr-oto:1 111otiv2 fc1r-c:e of tt-1e n11tocf-1:Jndr-1ai H-!ner tT1emtJ~-:~ne .,,i..,,•itt-iout :=iffecting 
Ear!y ·::.turJies c·f' tt-1r:::, !A~Jent V'·Jh!te 1 rni;< lc1ol<ecl at E''.~J1;_{-t-1ai::c.J11n1;i succr:i··:;:~;;:=; \ anr=j e tT1or-B r-ec:2nt 
e·;-:arrnned tt"12 acute Bqu:3tic tox1city c;f 2,4-D, triciopyT anci ~J!ypho~,8te tTt\-xJ?s.32 

24 Hayes r~t a! ~?G02; as rep<::::>rted in J. Ralc·ff 2 \Jo\1. 20C2 ~r·,·1ore Frog Trc·ub!e: hert,ic1des rna~..r '='rna·:::.,:::uJ2,te 1.Miic! 

r.-1a:es Sc:i2nce r·~e\!\IS. 

25 T ~_:'ta!. 2004) nelN data prPsented at :;yTnpcs1urn "Ecopt-(;/'::;i()iCJgy anci Consen/atiDn: Th~? C!:::.ntt-ibutio>-, cf 
and i n1tTlUn•J!•:=-};~tl" n~id •.JLn-ing the ·:~:r:H::ie~y fci- lnteg_rati·'./2 ani.::'. C·.:::Hr:perrati'.te 

2004, in f··-.)8'·.N ;JrlE:an~;, Louisiana~ 

141009 

27 F''. E>ia~-:iei Bt a:. 19~;9--3 r_.aper-'.;: T er-at0!c19y·::3 9-2~:7-4 1 and ::i~1:~~ 47 -S 3; Bnd _i. To<. E.J Env. hea:th: 2S::3C::;- 1 G. 

2c:, GaiiaQhe: ,0_~ L)iGLiillr:::i ·19·~11 1 Effec.ts • .. :::>f 214-D and Piciorarn CHl B!eitransfon-nation, Pe:-,=1)r:isotT1a: ... ' T1J::_icoi. 

29 C:, Caf·:c'::; et a!. .2pc2 'T .:;::;ticuiar •:!-1a~1 1~JeS in,Jui.::.ecJ t·:y r~hr•)ni 1= eYpr~·;ure tG !\-1(-::: t1'2rt+:irje Tor'.=ion 75[:' ·:~) 
;~ 2, 4-d1c:t-1!1=)rc1plrenc1>;:yacetic a.::::icJ FJn 1j p1c:lor2rT1) in r;~ts' F~2pro1Juc:.ti\.'8 T oxi 1::::c)l·::::1gy: ·1 G ZC~ 1 -289; and [::. Oak~';:; ,:~0 _L F';~-'!ial: 

~'000 'The in \/itr'] e-...,.aluation of the tcr/i,:1t1e:; c;f thr-ee re!ated her-[-,j,::-ide f,_::_,rrnulatic,ns C•:•ntai<-nng >?~J121- d-::Tivati··"1 '-?_-=.; 1::•f 
)5-T anr:j 2,4-[) u·::;in~j sub-rnitc-..::'.lic'ndria! To><icoio9y 151; t-·;j; and[), t)ak·?'3 ,s .. J, Pc,!iai -; 999 iEfi'ect~; - t 

a :-p:;rt•:ci1_je fonT1uiat1on, T on=lon 75[) ~~· ancl its 1nci1v1cluai cc::mponent:; ;:,in tt-1e oxiciati've func:ic:1n; c·f n-u1c1i::hc:1nr=Jr·1a· 
1 4 ·1-::.2; andC1akes C_ii et a!. ;~'.C.1 02 ... J.. stud)-: ,,-:rf the pc1t1:::.1-;-i:1ai fcT a herbic:ide fc;rr;_-:,_;!3ti·::1:-1 

.::.· :~<nd p1cl 1:iran1 to cau::;2 rnals-tT:8rJiated ds'.v~dc1p1-r:ental to>dcity in rats, Ti'):i1cc;i :;-.;=:! r.:<::-::~:=~C1 U-:-~ot._ 

p,=-reira_ LF, c:arnpe!k:i . .0.J', :~.ihiBl~-.~ rJ. -1994 Jar:---:994 Feb :2S. Effec:t ,-::_,f tcJrdC•f"i 2,4-d ~;4/240 tri2t\i:::!~l()[.::l!Ti!rre bi- en 
tf~1e r~n~r-gy· n-1i::_;talJoi:~;rn of rat !iver r-riitochondria. J To):._1co! ·14:2-1-2~;~ 

21 :~:i::uner-~; J et al. -1 s.1/-'-l ~L3!L Effect •:;f ,::,·!i·ter-nal appi:1:::atic·11 of pe,:::t1c:id2s tci tt:'=' ft'! 1-ii'::' t:'\~]~1 ::_·,r1 

,:)-:1ck per·f,-:>rrnanc>:::'. 1. Pi-e··ini:::ubatioil sproy1n~1 '·;Vith DDT and c.-::1n-1rn2ricai n ,,:tun·?'; ,=,f 2;4-D: and 2, 4-D: 
2,··+.:=.-T. E-:uii E11virein Cc1nt0111 TC1e'i1=.c1i 11 :3::.>-a. 2. Cc,m111erciai-hert:r1c1cle r-r1i.1dure;- c·1f "1".litil 

u-1r=: p~12.~:ts3nt. t;uil E1-;vwon C>J1-1tarn Toxicc:l l 1 :::; ::;9-42. 
:'.:;2 \/1/.~~n i·.,1T, Vl/atts RGi t··"1ou! Cd. 199 °1 Sep . .t,,:::::ute to _t!JV~rli!'2 F'a•:::if1c nor·tt-1'.t1.12st s,aliliC1nids 1::•f basa,:::id b!u~ 
!\JB755 ancl its rrr1xtur~ 'NiU-i forrnuiated prc1dur:::,ts c1f 2,4,-D, glyphcisati? S· tncic1pyr. Sun ErT\i c;.::1nt:an1 T•=i:xicl::d a/:47 l- :~. 

33 lnforrnatic.1n \/8ntures lnc. -1999 'F~e-..iiev,I' of the Litei-ature in Herbicides ... i\t. Hea!th Effe•~t~, uf C)ther H12rbi>::::id2:;' 
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Sj'nergisti".: 1:_ iT1or2 tr-ian a1j:jiti\.1e). 
1ncic:_;~1tt' rT1~Jt-1:~ than a:jrJitl\'e to:xicity· "'-.·-· 

The iinu;-on anc! a c.-f ·1 5 pestic1;Jes \ insec:--i.:ivrjr;;s c:_1ncl fun9ir:::icles) 
f;_:_·:uncl in ti-n:::: \t::3i!:;Jn t::j\t't ;-3ct 3:~. add:ti\.:e f=fCJtTHJter·~, of e>ust:ng cancers 1n tesi. 8nirnais, irr1plyirl:J a ,::n= 

i-=urTent 

:~:e\/er-a! studies ha\ir::; nc1'..,'·J definil::i1,_,12i~/ ':;hov·Jn that pe·;t1cides~ in,::::.iuclin~~l r-:~;rtjicicle:-:,, 8Ct 1n conceit vvrtr-1 
t1-;·r: ti-erndt:1;Je par-asites to c.a( iSe ti1e \,\1'idet/-rJt:1_;;er!,/ed ciefotTnit,1es 1n an1phitiians·. f ac!poie vulner.ab1i!ity 

\1Vi1en the estn.::1~1en1cty of ten pesUcicies v·./ar::: a1JJed it '~vas ·~vea~ er ti1an estradi<:1I, tr-1e active fonn r:;f 
t=1ut :n \.:arious cotT1b\natic:ns tf1ey i-1ad potent a:1C1 -::,}'ner1;1!st:c eo::;tr-i::igenicity-_, 41 

r--JLr:;t 1-3 !t:s. of the !atter, a_n un::;tatecl ~~1-r1ount cf the forrner.4~-' 

'./ancu:-:, arn;=JUl!f'.'~ uf pe'::t::c::Je'::; aionc nc:t kiii t:ut v'/!12n a sin!;iie predcJtcr (':;epar-atBcl fr-or-r1 tho? 
a net) is arJrje(=1: t~1ey rjie. SL-:· fros1 species ~-:.re ·::;D :Jffec:te•j '{Vitf-i the insecticicle cart=ic:iryl 

an;:] tt-1::"- same result fer 11 a cc;rnrncr.1 !1erbic:ide 11 
_!-=; c;_bc:ut tc1 l:=-112 pub\i:-::;hr::.'d. 44 

-------·---· 

F'A_i :\.1-J 1 '397 t'1c:?J. Ii 1
:::: rJI at:·i32i~-,e an,~! or·,-;ian0pi1c;-;phat2 in"::;12ctic1cJ,.!s 

,'~ ·~.,~: ~1· -~l\ ~r2·; n-:~ ;-e·;p 1=n-1se a>:1·Jit ion rn1Y-ti J re rno cieL En·./ir:~:nrne ntai '~""~ C t-F~ITii'; tt-:'./ 1 6: 2 4 -1 5-2 4 2C1. 

- . 
~,: 

__;_,- c, 

,- L -

~;1_,: -, 2t ai. 19~l4 'Th~ Pest\,=1t.ies EndosulFan, Tc'/O~•he11e, 3nd Die\dr-in Ha\ie E·;tn::::i1Jenic Effe..,:t'; CJn Hurnan 
r:- C2lls' Env\rc:nrnr::ntal Healtt-1Perspecti·\,re:;:1i:)2::?~~;c--:~::~;3, 

1~ 

-,.c:_ :_',_ ~:-L~+;· 20.J2 'H'.~EES -1 ~L~!~J-2C.i00 E_;tenniZii F'.(?~\i_::-irt 1 ) ;1.tianta (~.""--
,.-· 

·~- -

'.L:-1- -~-- ·~'~::::~ =,::a ~1 erin~ r ,f..,ur 2DO 4 'Do ub!2 [)is tre';;;~;: pe sti•.=: 1i:::le k :iis frc1 ~1 :::: only if pre ,jat.-::) r-,; are .=1rc1und: S·::-i. ,ll.,rri ~r!.-::: an p. :~ :~ 
n. Ppiyea !fl the De,~:. 200~; Ecc!. /J-.pplii::::ation·:;; an(j sc·;c:-t1:J-bti-1=·ut~iiis[1r::-cJ fi=Jr tr-:8 1lerbici1j~ 
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neurc1to::<ic:1ty cf t~-i'.3 ti.::1-t.:i;.::::~.~1~ 

esf:iec:iail)'' Pa1-1~_ 1rT~:-=-::• 1 .s 
,'1 c.: 
"-, ... ' 

1' 

eight papers 

--d 

per-iod that EP.A,is ,::ii 1~2 ~,t_ to r::::o\,;sr 1'. typ1c ,:"JI!,!, e\ren t1-1.:iu1~j~1 the tJcJ·:~:,;~::: 1.\1:?·r-"::' 
at EPA. 1s Referenc~_; Lh=r~:e fo'- 02,::t;,:,,_12-2 levei ·1 C1C: tiiT1c~. (t)"'pi 1.:::::aH;l) lov·-/er ti-1an any· a·:l\n?r-~:e n::-;r-:-
c:.~ncer effect i:;: up:>:':';2,·J tc: 
including a c:ornrnc1n 
arrested t=le\ieb.:::1prne11t. 413 

lrnrnune E:-c:el1 pc1pu!cr:!c11-1s:, ar-e cl~=;c-r-22·::;2,j aftei- ex;::":,c,ur 
propan\I and 2,4-C:J. E:r~_poc::.i_ffe tc, tne hacl ,-,,-,c~-i-''' tc!_<ic effects ti1a11 ti-;e lncli\i:~=1 1_J.:_::1: 1·1i:-:-l~·,11::::-i 

-i) 

cr-1an111?t 1-::.2tf!~h e.xpo:=:;e1j to :=1 tT!i":-:tu;-e •_::rf i~iii:ic;ran1 a:·-1cl 2,4-[J for 1Cr1ja~;s tj!spiayecl inc:n?.S'=.e;·::; ;:~cti\iltie·; 

of 1-1epatic· ( EF~r~1[1) i cji:::·,crc,as2cl :::::er-urn c:l-i!onde coni:::entr·.~rL(": ,s .~Jn:J 

cle:=re.:jSetJ li\Jer-/bo:Jy v·./e1iJf-1t ratios_ These~ c~-1ange~. ',N2re- neit ol::.1se!-··.Je1::J in f1::::.t1 TC• corT1u:::.1u1-1cl 
a1on e. 4:3 

In 2 pn::ispecti'·Jt\ cc:introi!ecl or ar::·;::iik~ator expesurt:~s ( 1nc;ectlcide:;, fLWtQiCir::ie·:::;, t·:e:-t::_d:_:::L::Je·~, '.! 

the hert::i•-:.id2 :;wc1u1::1 ·:::.hi::iv1,1r:;cJ en drfference'::. fr-orn i::ontro!s. i 11 './ltr-c: 

e/.an1i1-1at1c1n con1p:-=;1re1.J f\Jur- •J!fferer1t ccnri1r:e1·c1a\!.Y d\/8!lat:1ie surfactar1t n1L<tures 
con1rne1-c!z1i i1erL1ciclc: pro1Juct:::::, 1nc:.iur::ii:-: ~~l differeilt c!-1!tJt-opf-r r-!er-t::•1cic~ !_?'::,. 

r:ijJ~,~;!3~1~~::~:~:~~~-~l~J~:l~~~~'~l~~i~~:~;~~!!';~,~t,~~;~::~ ~;;~~:,~;,t~~T~iiil~:":]~C~f~"~~~\;~~'Cl!illiii31} 
adjU\Jants ar-e ncit a-1er1 t::iut ,;re acti\i8 component·~. :~HJcler::l t:=1 ~1~:::rt.iic!ch:i rni;.:,tures,:_ 'ltin-12ti--1er 
a:jju··./ant to_/1cant effects are ac1dit!\i8 cir- a:;::~ inclepencient c_if f1erbicirJe eff8cts is pc1(_:::riy uncle.rstcic.:d. 4·~~ 

Tr1e presence of single cJeterQe~-1ts anrJ tr-:eir rni:x:tun?s increasecl prcrnt:tt1r-in r-iert~Hciije effec:t~. by ·1 CJ~ 
·-i 39·6 on t1-1e testes 11Tv'e1---ret:)r·ar_es 2\re-n i:-1 c:cincentr-.~1t1ons perrn:tted in surfdcs v,,.1 ater-·::: .. The tcrx\c 1=1f 

2,4 [1 1f./8S pc1t2r1tL:::;tetj tiy dster-ger-rt::; in rnuc:J-: r-li~Jher concentr~~th::::insi eXC)?C1 cJ111g the perrn!ttscl \.· 1 a!ues,50 

The ::;'pectru1T1 ;Jf neur-c:beha\c"i_cirai effects vv·:th ttle ester- i::::.ornsrs. 51 Tf1r~ec~ fon11U!aticn s c1f 2, 4-[1 l/·.,1er-e 
te·:_::.tecl !:-: rats for- tt-1eir at;;ii!~/ to n1cn2a'::;e foot spla)'i a fTit-a::::ure Cif .~Jta1da. Resu!ts su'.0:Jest tr-1,:_1t 
::::',4-[-:-n-!JUt\-'l est1_::;r iTJelat::iolite n-i::1utancl is re:~:pcr:-~\l::i!e fc1t- the rnotcr ir1cncir-cJinati1Jn t~,ut nc1t lt"1e cJepressii::r-i 

1c1c:.::irnot:.:::J1-=- acti\,..ity c:b·:;er\1ed, de111cin that d\ffere:-1t forrnuiaticins the sarne her-l::irctde can 
cliffer-enti:?;! bet1avior-al effec::ts. 52 

45 [)8bcra1··1 Cc)r:y<3ch!>?.cL3,. U. Poche.ster, ·~· tt-1e tearn !ea•.:ier~---'~;earch Put)t·-'ied c•n hr::·r narT1e for tt·:2 at>;tracts. 
4C A11ne Gree1-!lee et a!. h~ay 2004 'Lo\1'·/-[Jc~se _1i,i_Jroct-:ern1ca1s and i_av,.in-c:are F,.e.::,ticides. inr=iuce L1 r:ivr~ioptT1ental Tcn(1;=·ity 

~ -, 

'-t·=, i:;cliit:i;~Jh2.r- EP, Di r:Jiuiic1 RT. ·193·1 Jun. Effects •::Jf 2«4-d1c1-:1cJropr·:encr;.;:yacet!c acid anci piclcrarn .=.1:-i b1otransfo1Tnatic1n, 
and se.rum en:::/tt:e .:.1,~ th/1ti2·; in cf-1ann2i c,3tf1;;t-1 (i ctalurur::, !)unctatus:1. T:.::i-=<'i Ct::Ji L_,_::tt 57: 5::=-,-72, 

c_jr_) L",'-.,,-, ...., ' . ' E "I ' 1- • ,-. ,, ,-,,-., r~t·,- t ,- . ~ _.. '•' ,. ' - ' ' ' , ;-·-·=-"1.e-1---;yo1cf;:a ;, r-··acn,__a ..:, L). 1·-:x-::-i.). ,::::.,reel CL \.Vai:er con\,~trrHnar.:on 1·.1\'ltn :::::ur--race a,=::::.'':.· sucs::anc.:~s anc1 
plant ;~1r·otecti11•-;i agents c•n 3c;uat1·~- or•;Janisrrr;]. Pc.1c:: F·anst',N Zaki Hi•;l 46: -1 75-C~ ! , 
~ 1 ';,-::~pJize GE. ·19:::::7 :Sf::-1:1-0ct. Forrnu!at1on and fc .. .)d depiivation affect_·~; ;~:,4-·[J n>-?u:-obei1c:1\1ic,ta! i:,:_, ,j,-:_-ity· in rc:1t::;. 

52 5,j-1uiz::;: GE. ·19ee _J[:jn-Feti. 2,4-0-n-t;utyl ss;ter C2i4-D·ester) inciu::::ecl ataxia in rats: role fc:r n-t~iut:~nol 1\::1:-:nark::Jn. 
!°'-J2ur-c1tc1:i::icol T e.rai ol 'i O:E~ ·1 -4_ 
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:~,c1 t:-:e inc.enti»/8 to rnake s:icr~ifi'.:::::;Jnt Ci~/;·:~ pn~.11J1_Jr::::t e_i.::cien~.C-' :~;n1:j (\:\p1::-i;1s1\iE· ftiiJ!-1t 1~_1:·· 
1-11-111 r~-,c:- '· 1r:=·\-111-le tjrnp hy \--(1\ifnr-i C1 t\-i8 :'.=J 1-p·.:::i r-:-1nr,=., \r'i21 a srna\ier n•:Jz:=ie diarneter ( sr-naiier .:-eiea·:;8d 
[·:;,-.-_~ ,_-_--,'._, __ ' :1·-' 1-~-·-.-~1._

1

!_1':,._.c: -11--1 '1'1'1~--l,_~_-_1-,_ ,-_,l-_',:_f--'_-,---:·:it;-:i __ -.r- ;_-j-' •,--.,:-P.-, 1,, -I •,-, ~-----_ F-,' _c:.'.• · __ '.:._- '1~---~ 1,I_' '1 __ ~---- -~_:,,, __ :::.t __ ~------ , . . -~ . ~ ~ __._ - ~ , ~ v·.;!-iai: nozzle ·:;ize E~ ncizzle fan anQle !irniT·:.:. t\t8\' v,1111 
I ~i ,.._,, ,..__,---:..:: - +-11- -•.-;p.-1---•,.-+-=-.- - ~~ -ff'e•:t-"en ···,-m,·:i'i _.-jr:.i=... __ ,_, __ ,,....- -,-'-.-.. 1--·-. -1··_:::..._ "'° u~~~. ncr CD i_il!;:"'._'!1 :::.r.Jt::'l_-ii_'i !_1 b U:t1i_ i-_~\J:_Jc;:_iU:i 'J!- !_i-i~:ir ·-;::'. 1'-l·Jt riu/ ult!_ Lc;JIU.::, !l.Uk_.8._e ;_,I!!!· 

che '>/1Jrte>:: (:f the air-,:xaft has sent the dr-!ft o ,.,e.1- th>::~ top C•f the dr-ift c:~:wcls. r---.Jo!- n1ay· atten1ptin~1 to nn1it at?rtJl 
rn•·c,•nn to perio1js iec:.s tt-i.::in t=: tT1Dt-1 s!o:-:iFicar1t clrift J.\il tt-:is !:=::; acJecuatei\1 ;::;!1c1',;..,:n l::-\; -cf-i·:' 
':::tLJtj1ss citei:J r·1ere. E'>/en tne in•justi~:/ ( Cwift Tf:r:~;k For;:e·~:; \rauntE-:(j AoC;nft tT1cde1c,3nnc1t1::1e 
\i:-3!i 1j::::1tecJ v\nth field data 1.Nhe-r-1 the :jstcnce·:-:, t_~-_: t)~ cak:::uiated are not ne.~ir, causinq ~· f71_lndrer..----J-to.io' under-
pn:··cli::tj,_~1n of or-!ft at faf clistance·::. ·,_f1Jf-1f~n t1-1e r.::ie::3s~ 1~ fnJrr: t1eiiccipter ~.cei1-ario. 6 4 Tt-i:s 
und~:e:::;t:r-nate of 1Jrift rnay be clue tc1 t:"1:? per:;i:::.ten~::,e "~)f heiicc1r::1ter vor1e::<e::;i \.\'hich have beer: c t;.=· 

~i~!r~J::~;~~ ~~!i1~;r~-~~ r~-lit~1:~~1~;~:~::;·~i~ 1;~ r~~:;~~;,!~~! 24.:~r~r; ur~~:~; s1 ~:.;~r-:~;f ·./r~~ 1~n~~~:;--~~;1~: 1l;'.-~=J ~~~~ f;~: .. :.·~r=~;·~~~~~r~~~ ~ 1 
'~;.~;~1-:1~~r~~;, ~;! \;~~

1

2n 
~~:~~11~~~~~'~ 11~~,~l~e~~r:1~11~1~·~;1~: 1 ~;~' 1 ;·~11 ~~,~~::~~11'1: r~ 1~;:1 ,~1~ 1 ~~~~~'.:C5 ( yet 12 cs volmii e C• ily frJ mru lat ir:i:-

1 
s ,,

1 
r; 

c·=f ·-: e, stuclie:::. on cln~ rneasurerner-:t founcJ r::;ne ,ji-ift vv·a·~ dete::ter::J no rnatter 1-101,.;,,.r fer they' 
rnc1n iti::11-e1_j, frorn "! .2 5 to S1J !Tliles. 66 As to herbicides ( refL1tin g the R01 s above c!a!rn): :? ,4-[1 
..:Jnfted ~ ies:::;t 5CJ tTdies ft\)rn appiicatic:in, clicarltba st feast f1\1e ti::i -: 1J n1iies, anrj par,:;;-Jquat at at \~1 ~:Jst 2C> 

t, / .At least tr-1ree iTiOi-e ·::;tucJies cJccu11v:::r-1t ~:iG1nificant 2,4-C.1 ( .~1nci tnal!ate) c1nft !Jey 1=1nd :=ffeds.r.::_\·.:.-; 

~~air11,11,1ater conr:-etr2itions of 2,.:1-[1 r-1avs l?>'c.eeclsci ai!L~-,\rva!Jie ci:intarninant ie\1e!s, e;~-~ E\'8!i tl1e !J.S. EF.~\ ha:. 
e~,tirn~~te1=J tl1at O.rJJi '=ID to 2S't c~f se\.:erai V1Ji!I orift as fa:- as ;,-3 n1iiej after actuali:v rrreasurin·~; 
ppropor1\cinal~/ :;_ireater- CC)ncentrations at a quarte1--1-ni!8 fri::1rn tr\e apr::.1!i::::::at1:::1n f:eir::l. 70 Tl1at is rnui::::-r-·i rn::::r~j 'Jt-ift 

Tr1an· use:-·:; and e'i..ren EF!,f'c,,. refJistration typica!iy -assurne-~: 'f,/!I! t-1appeni 

/\ iic1u!•-=l E;t insectici1Je -rorTnulation r::lrifts,::l over- cine k1ic1rnete1-. F:eiez;:::;eci at '! -1 0- -1 25 •:J:arT!f~;-;::er·, t:1~~~.1:--

clrift droplets disperseci to 4-·7 rnic:rons c.1iarneter. Tr-11::, study noted they cou!1J fincJ rro iit2ratur2 vaii!~Jat1n•J 
'--1-Cj.-f7] r,tl' +-<f>,,-,rrir-, ---,-t--'-,,--t,--·-,"C:"'· -+ rf---- -' - -j-,--.-.---.-.--.- ---- -'-1--•e .~-----_ ldi_r'._ !J! 1_;1,t.· b •. • .• l.i11;_ V'lo.~ ,_,,_Jl~·._Hfll-j•l_t'U ur_! _,_) .:)_, 1._1U !llt"'·"er.:::., _jf_)f!l d t::Jfi~t:'-.. -~-,f=i1cJy ·=-li'::'.d, 1~un:,~lt.L.ltJ!_~;l LiicJL. tl!1::_:, 

t110Destic1c1e ;v' .. 1ouid likely 1.::Jr-ift far1t-1er t1-1an -~: ·150 r-r1 under simriar atfT!OSDh2ric anc1 tetTain conditions, q1\..-e11 
the' levei of detection 1Jt;ser.Jed C-1t 315\J rT1. 11 Tr·1is study \f'./8S r::tine 8t './\•'incl ·~;pr:~ecls tJetv• . .1een 5.22 ,31-1j C-'.-l 4iT1iics 

~--1-::1er ri our. i" .:: E\,;en the lJSDAj s staternent ein pesticir::Je clrift contrcdl used t:-1y tt-12 1_iSFS1 caiis for- aerial sc:r-:~h 1nq 
eini}' t::1elov,_1 5 rnp~-1 v'.1in1js (t11_1t ignoring inve:-sion •Jrih). 

Ct1etT1.:21:S:672-581. 

f,f; C. Ccnc Spring 1995 'lndis1~r-irr1inat12iy Frorn the SU es; J. Pesticide Reform: l :=.: -1 :2-7 (c1tat11::1i;c::. #3:=;-

r=i( [. Robin::.c1n .& L. F;')\ 1978 '2
1
4-[J He:-bicid'2 :n Centt·al \l\f.t.,1 _J of the ,f\,.ii" F-'c,liutic;n Conttci ,l'l.;,~,,:1c.:2t;:-1 o: ·10 l 

and P. V'lestra B" H. Schvi.1artz ·19e~:i 'Pote11t!a! Herbicide \/.::ilat1iity ,1 Dr!f;: F';·obietT1s •:::1r1 Dr--y E>:canf;' :3er\nc.e 111 
:::oh:iradc_; Statr:'.'. U. Ccic1perati-.1~::_i E;::te:i:;1on; arid C. G~antz ~t aL 13~39 't\n ?.-;-::,e::;sn-1ent o:- tr·1e i·,_,-1et,?rJrc1!rJ C(Hlditions 
,!l, ·;sr::-.ciated VVith Herbicide. C:r-1ft. .. ' E:attelie P:~jcif1c f\j\1V L.at1c1r-at,Jri>:::s. 

E:3 F. Larney et aL 1999 'Her-bicide transf)Ot-t on "Jv1ncl-erc1 cl~d '~.~diment' J Environ C~ual:213: 'i 4 1 2- ·1421 and[). F:er·1n2 
l 97·9 'ExperitT1entai stucHe'; CJf 2,4-D r18rb1c1de rJritt r_:J-1.:_::wacten'::;t1c';' .~gric. Meteor-1=.r!:2'=:::7-24 ;:::-i_r-1(i ['. \l\'ait8 2t aL 2UC<~~. 

Envir•'.)nrnenta! c:onr:::entratir::Jns of a:~iriculturol h~d::iicidE.~s: 2 1 4-D and triaHa t~' j Env!r 1Jn C~uai: ~; l: 1 29- --: 44. 
E<.j us::;s -1·=;97 'F'est:c1.Jes lr: tr-1e .b.trno·;p~-1ei-~' Fa;·:::tsheet FS--152-95. Sacrarr1entc\ C.t.:U.:S. ic.ai 
i'i.,\taila bl~: ~-1ttp: /_/ c:a. \l•iate i-. uo::;g,;. 9ov_/ pnsp I attTi'-=<::; '[acces'; E'd -1 5 i·,,1arc11 

,.. i . .,; /i .. iv1ac1(1nJV1rsk1 --i ·:=r=.\4. 
71 T 2~;cf-1k2 et ai. Jan_ 20C1 ·1. 

?2 \IV. \fvl1aley J 998 'C:anyc1n Drift and 01-::~per-sion cif Bacii!us thurin~Jiens1:::; an1j its Effects on :-32\ect hic::jntari)et 
Lepidopterar1s in Utah' Env. Entorno!o~t/:27:3:5::.:9-54~:;. 
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it 1 eastern \1\f.A. stat8 1_=-1f cror:::i 1Jar;-1a;~s ft-,JtT1 the 1o·n9-ran9e u~;2 of '.~:;.'_i a:-:1j c:t!-12r ,:;:. [ __ -::-~: 
1e:-:t?:I f,:::rte ard ;::_:ffect:~, ::=;:.::.it.'ntr:;tc:, ( 1 :?9/f::' n:~·1:·c:rn1·n2n•::J8cl -n-1.?t -~~:s ::-d-:lt::i:t,.=i~-·=::. ~:.;·s 

l_e:,_,\' ._:::i,J!rc~:utfurun le'·,/8is (1 ,,1-1 OC)tt-1 tne laL1ei ap1::1i1i::::at1Dn 1-ate) ca:_;·:;e~J se\,1~~1-1~ 

::,.:·\.rer-at tat!J1-1ornic:ai!y cll\"t?rse: crops, e'::::~·ec1:~!!y '.,\,'hen appi:eci at cr-;~_::c.?,! c1ccveo1,-,,-,,,,,,,-,, 
at 8'./e1-1 1T:1::1re ten1:::us s1tnu!ated SU cinft ( cJc1'1;\T1 to C. -:-: 

t~-1:fensulfuron.ltrit1enurein rni>~ecl forTnuici).S;S 1/SOOth tf-1e app!i:::.~:rucJn r-ate 

r::·_ iJarnc:1~1e r1-,JrT1 clrif1 oft radlt !on a i r-1 e rbic! des. /-.o..c tc1 \<'EJi-1c-ius E\tf'i-1~,i<::)n Ser-·j1'=~- ,-,,-,-,,~.

1;1iypf-1 r:.1sdtE\ 2) 4-C\ ci1r::::arna:=1:~\ cic1p:y·raii1j -~incl t!-12 sulfcH-1 
inciur=ling fn::::,rri ,=Jr-ift~ v,,1[1e·n applied at i::3l=JEd!ec:J rates>-=;~::: En1::J1-=.isuifan i:1se,::::t.•~.::::.1cit:' 1:::cince-ntr:::=.rth::c1:::: r::_,f C.: JC1.:1 

( "'.1 ppb, if th;;:i-;::'s a 1::_· 1::::1!-!Ct?ntra1ion i;-1 se\ien:::iy cJarnagtrj 2rr1pi11l:iia1-1 1-n tTC1iTi 

ar-: di~riE~i 2r=11=1iicatlon ::one- (at the alio\.1\1ed r3t2-). Sub-ietr1al apr;iicatio1·1::::; c1f :=-:;4-[; an:-J d1c_-,:.-1rrrab;:::i ;:::_au:~ecJ 

per·::,1·:::;tsnt ,::xop loss in 8>::_penrne.nts.9D C:iarh:in 4, tr-1e rr1ost volatile of t~-1e feirrnu!at1on:: .. is ·,.l_!·,,rn°,-1P·-1 
t=::, fta\.-'f \ic,litalize,j on a .hot, Vv'incJy- da:i after a Jun2 20CJ4 appiication at a ST.~te p::=JJk. tt-:en n:-•n-.c.-; 

cinr:,-_::i tv'-1c1 acj_(ac:ent v.'n~,,rarcl propertie:,~ k1iJ1ng TD '£SC1c:i, DCJO vvo11J1 of tJr·;Jp2;,/1nes ,::::inj 
T~-::Jt's a \cit of tjead plant~: frorn an 1n,=:id2nt that dicl not iiTv'oi··./e dnft at tt:e tirr12 of ,~pp!1i:::::ation! u-1 t(!C i ·:-J':~C:',--

~~~nl:•et~'';~~,e~tt~;:~~~~J~,f:~~::~;~::?~,;::~;~~:~l~!!~~,:~11~:~i:~;J~:t:~~:~J~~~~,~~:1~,iie~i::~~:~~r;~fg,~~:~'',':;,~ se,p•a! C•f 

f,:,u;1 ci 11;1~~ 1~1~;c~~~.'~;'~~",~I. ( :r;~}~~·s:l;'._~~~~1~~,,~:1~~~~121~t~ 1 ,~~~s~'.Ji r~i12"~",o,~~1 ~,',~l'~'J t 11 at ,, s tn ~~~: ~~~'. er-!11c1c!2s 

i:~a~e'~.'.~n '· r~~;~st cc;~;,;~~~!= r:~';;,,~~,~:'•,;~1~~~1~;1 ;~g~r~~~'~' '~;J 131~;:~~'~. ~~~rr11n~:~~,;~~1~ 1~:~i~~~,~~~;~v'.~ ~,~;·~~: c1'c1111 fi c a1 t 

P:gt-!tS-C1f-VVa::/ lv1anagen1ent. CJctciber 25-·22:j -1937. ind1anapoiisl lnd\ana; also Fletcher 192<3 and Burns 1999< 
E~::; () 1t·--,Jeai G. ·1989/ ,!l,pr 2;:::. ernail re: 1·r-:e prcJb\ern c,f un;jetectable resictues of rjritt2d f1ert1icirJe_ r_:au~~ino non-tar-get 
crc1p darnage. [E-r~nail frcjrn Gary ()'~.,Jea! 1 EPt"-. Atr· 3J To_AICS C1 i"._risic•n/Re~1 1C\ tc• EF\.il,':; ,L,nne Lindsay']. 

;::;4 ,!l,. f·.,.J;::icic1r-ov~·ski ·1994. 

2:5 J. Fietct-1er et aL ·19~J6 'F"=-Jt8nt1ai irnpact of 1,::i1,v !eveis C•f crilc:H-sulfurcr: and other hE.·rt.icidss ci-: grc11:vth an,j 
n·)i~1tar,Jet f:-dants' Et1\iironn1entai Toxicc1logy· E~, Cherrnst1-y: 1 s:-1 -1 t;9-96. 

Ui 

;::__/:, C: C3ea1~,,.- ei: ar. \ 995 •1:;r-.-J\1\'th and :·i!eid cf r.::<ea (l'i~-:un1 :::-:atA«un1 L.) an; _ _i ienti! (L2r1s ca/ir1an~- L.) ,~~pr-ayed \!"r:'ith lr-1v,1 rates 

::\(; J. \/an Dyk Last updated 7/12119:;19 'Drift ir~i ury tc! corn '~~ ::;c1ytiean' 11 ttp: _// '.'°'/\n.1',r~. ip n-1. iast ate. e1=l u/ 1p rn1 ic n·1/ 'I 99 7. C---1 6-
1997_/ dnft inj. h t1Ttl (acce-=:;-;:;ed iate 2003). 

:3'.~:.t~,,.1. ?.en-ii! et at. 1 ~9b 'Tc;-::icit~/ of Encio-:;uifan to l.,quatic Sta10e::::; CJf .~nL.r-an Arr1pt1ibians:' E~:\t. To-:,-.ico!. 8, 

s;iJ ._I. ::;iirea~h et aL 20C1l JuL 'Cr-,:::,p 111ju:-~...- f;c;:~n sut!sth.::1f rat;Ss •)f f1er-bic1de. IL Cu ~~un1/J21-. Hortsc:ien:__::-e ?:S:E.·74-7~= 
and 1 

••• ii!. Pep1~1~(_, pp. 677~:3'!. 

·~r! E;eycJnd F'sstici,j;::':_; , 9 .July 2004 '\./!ntri'::::-s Et3n-1e F'e':;t1cide-:. For C1 ~:11na9e' [Jail~,. 
S.pec-t2tc•r: http: //\1

\." •• .vv1_i. '·.1\1inesp8c tat;~-:-;r .':::orn/V\i1ne/D0!1~//t\J~·.,,\'s/O, 1 1 45 ,252'.3,0o.t-1tiT1i \ 
'::'.;,'.~, i'i,;-r-~h.:=:1tib i<i lvl\n~- 1:3!

1 
Pe.1r,:,enaue1- G, F'arker P~ \/'./estbt:'r·J H, Lan1b 8. ! 9q3 'DevEc·k)prnent of ~=:i D1•Jl'J0tC2iiy-t'a';~·j 

sy ste!rTt fed- cletection and tracl<inQ of a1:-t1c1r;-ie r:erbici.Jes' VVee.d T echnc:i!o~1y:?:404- 1 O; and A.lk-h at :r-, f<. P arke1- P, 
F 1_JE?.r"S t EF·. -1 ~r~:.J2 ; .t.!falfa ( r-.-1 i::-dic ac~o-sati'•/2:) res pc1n•; e to ::.irnu1a te:j !1er-b ic:id e s pi"dY rJr-i ft' \i',/~e 1 J Te c nno logy::·:;: '3 5 c.-6C:. 
and ,L!.,(i~_natitJ r",, l[•atte;"' F'.:. Fut:Tst EF-'. I :~J92 '.Svveet (pn__rnu·;--a·:/iurn) response tCJ SiiTIU)3ted dnft ft·c1rn '::,ei.?-:::t:0cJ 
1-1e1t11cid2s' \r/eeiJ Tecr1ncdogy-:6:975-S; and Bt·1atti t·,_11,u,, ,Li.iki1atib i<~ F)ark:'?-r R.. ·19·3;::. '\Ni:1e gr2[1'? ..,nnif~ra) 

r--?st=;.:::;n-::;•:> tc• ~~=cpeisur·e ;:jf sele:ctBd suifc·nylu1·ea r-1~rl~ric1dss and 2, 4-(j' \i1/8e-·=l T 1 :J:3~= 'i -6; and C;[-13tti 
i"t,Li,_, ,b.,l~J-1atitJ r~.j Parker R. "1 '.~397 '\/'\''in.::- r~rapP_ (viti::. \;inifera) resp1Jn::;e tc· fai! e.x_p(Y.::;ure ,-=-,f sirnulated drift fl"O!Ti s~iec_t,:c;, 

r-1~rb1cide_;:::; \i'!/eecl Te.ct-inok:_i~iy: 1 -1 :532-E. 
':-'.<'.:'. \/. 2.r-eeze et al. 1992 [Jee:. 'U';e of ;::, rncdei and 
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-·- F'.:~:sezJn=:-1 c:ir1 1.=.::;1-iC,e:· r8Qarclt:)_~J as tt-1·~ :~o!:j c.:f c-,311c·.er tes-i:s. 
Gf tr-1;?'::,e 1nclef:·8nclent t2st; fr.)i_Jn::_j lh/er turnor·s ir, pir=:!cr:?.rT1 -e_~-1=n::sed test anirr1:~ls. \·Vitf-1 LA.F:'C aclclition:~!lv 

:;?:~ current,iy unc!a,;s.~fiat,Je. f-k)\/1/ever, pic!ora:n'.s 
ccint:HT1in,?.tion; Ht~E: is a prcb-abie hLa-n:=in cari:...:::nr:1i:Jen -accorr:iln\;1 

tr:: EP_.6,'·=::. C::ffice 1_1f 1 ~~·~)7 li·-::.t of ci·1ern1c,:_=i!·=::: i3\/aiuater::1 for carcinc·rJen!c potential, 1Nt1ict-1 
t:::;t11-r;,:;:,t2s ·that HC-8 in pic:le:ran1 ;::~!en e ac·~:~:unts fer- 7 09,6 c/ EPA's al!1::1\\•1abi8 t-i·;L for HCC; t'Xpcsure. 9 5 The 

-0 ,-_,_,, __ ,,,.,-_,-c of to excecc1 EP/-"-~s:; acceptable c:=incer rlst·. bj' ten-fc:!i:L '=70 

'""''"'--n,!c at i/ery lc1.,v r:Jose·;: :Jj~J2 ppt:i fn cirinking ".(l-i'ater- is cak:::.u1'.~tecft1J cause 1::::-ancer 

·irv·, ';~-, 1_ 1_r if::' ;_1tcr :=i1u1 8 A. re-re\i\81/<-.i c1f f·--iat\onai Canc::e:- lnstitut~ tssticuiar ''.:,l\cies l)f piclc1rsr-r1 e·x:pcised r·~;lt·; 

an•:::J rT11r::::\? ~:::leterrninecl tf-i:~it n1;:3rry of th2 :;nirna!s i1:2ci te::::t1c-uiar atrop!1::.i~· -1 OCl 2fter i:-1 itia!iy fin cling nci atr-nphy; a 
r-:'='c,ult ti ·.:=:;-r !ne rr1anufacturer [Jo1,.v c!isputsd. C10.,,v did fin•::i increa:::.ed r-nisc;=-1rTi:::=J1JSS at p:c:lorarn the r-liqt-1er t8st 

-1 ~~;·1 :~[1·J tf1e :_:::;f t~<J\lfon1i;~-; rc)unc \nc.rease1J lo·:;·:; for ct-1e pct.~~·=;·=::;iurri sa!t forrr1u1ation oF tr-,e 
1r1oi2c:ule.: 

t te':;t ar!i1r12is~-e\,.,2n tr:::1 tl1e f2tht3r aione~ -; C).:: The ;an1e t1,,,. _ _,1J :3.L -scici as tf-1e 4Ton~!on?-'5[·1 
are .:::;e\1ereiv to>:ic t::1 te-=::-t ani~-r1ai te·::ticies. l U4 

FEi :~; 1: :airn: ''~··.;1uta\0enic: tJniike!y 1
' 

·--- -·----~----

0.J. >JTr' : ~::'~.\:,;- F.1 eco:-i: T:=;-2·;, 19;e;; a!sc, tt1e l.L:.PC ptcicrcirn 

·:\5 C:Fi\/C·~-'F' 19:::.it::J F'iCicr-3tTi RE[), 
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\i\ihat t/1e l!tr:;;ratun:' 
i:=-hr··ornaticl exch.::inqe·:; :'. 

tv'"'!C e a.i::J;::dn tested pc~s:tl\r';:::: 

FOIA/PA 

:~J!qo~~:l;
1

:~1.;~',~;=~':~ :~'::_'~
0

:,f ~~;~'~;~~0-~~ ~,''~e~,,'"~
0

1',~.::.: ~~~~;i~:re:.~f~;fe). o. 2 ll!Cj/1
1

:, ;,. ~,i,~. 
t1appe-ns tc t:ie the san>:? a~~ ti-1e n1.an:_Jf"a;:::t:_in?:r- of t=J1!::::il=11·,::_1r·11 l"leverthe!ess. t!-18re :;:i~·2 2 f"t='V'./ rn-~ j;::._:c:-~~~i 

8>qJC1S:,Ui-~-'; In tt1at Q-F'..A .. ( of pestiCJ1je tr-1e. r-1urT1an 

141017 

and terre,::.t1-i.'.ji ·:~; .. ;~ tT:c:ii-2 ls1·1:"='nl 1:::;·_,.. r-,:~j'-=l 

usej ~he ·::tncter F~f[(i 

feedin1~ of trl::lop~/r SiQnif\,: 

Clawn: 

has Leen s1~uclied in rats ant=i rqic·e_ 1r1 t·iot\··: ol-"c'.-'co. 

r:ireast Cdr·1cer. 1 (J'? 

11\lnat tt-1e Ltter2ture Say·:::.: caus<?ci 1=lefect:.:. 1n d::iqs at --: /' ·1 (Jtt1 the ·jose tt-1at t!-ie rnanutactur'=~:-
fcun1::1 otheT effeci:;, l=11_Jt [JU1.r\·' persu2,::le1::J EF/".,, ti-1:~t cl•JQ's 8>'.c:retic1n of t;-\r::-1,Jpyr- iS_; ~.!ov·/f.:_'r tt1an hunl~r1s'; (~.cl 

in Ei stu•.J)' of fernsi2 1-a:::·:=, r-nat•;~'cl 1\r\i:tr1 rnaies vvt10 !12.J t1een 

I 05 Cai if. C:F(~~',£\ 1 ~j;:-:e. 

10f: f·.,·iuharnrned et aJ. 'iSg=:: l'1lutat. ·Re:;.:42b:2:--:9~:--1 
107 EF'/'c.,/OF'P l 9.9r:::.:. 

! 0'3 EF',ll,/C:1PF' 1 99i3 'RED, Tric!opy( Viasf:. DC, 

iC'0 C::Pt-.,_/CiPP 1"9'~}8 (tr-1c!(Jpyr REC1). 

-1 1 

V'Va ·;.11. [) C. 

c! 1 r) Hunter- et aL 199:=J '(JE:stat1cina! E:><po~;ure tr::, ct-110:-pyritc•~,: Cc1rnpar-at1"-.ti2 d1stnt)Utic)n ,_::_,f 'c"-h'.-.. --

1 i 1 c,_-c' .• f_'• ... rn.F'.·f' 
1 .-, _ 1 998 (tnclopyr P.ECJ). 

:n th~ 
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( LC:·r-·~TF:EL- 1 

FE!:~ ( .:J!I i L 

'1_:"-f\-1 ,~Jt 

+-·.;"t·c· . .---.! " i 1 =J _c::.,_c:u. ---· r. 

,.j '''"'<' ''" re!Jc,1-r::J:n ~:J 
rnutar;F?:-:icit'/- t ·=::;1~,ern·:; 

CiEft,::::i c;;ap, lJcic:',N. 

··tn-1at tt-1~:- !jter·2rcure c:,sys: Tne n1~·1Jicine 8,· tox\coic,qy !j,3t2b;_:_f::,es l.r\12re ::=,e,:'.:Jri::r-1f:·r:i t 1y r-·;(aintlff·=::. for 

ir !epe,1cJer• i: ntEratu,~j~~~' c~J111·~~~d J~~ti~~~~~'~r~;12~;;',';1 ,';;'~,1~~811;!;~,~~;';~~j!,~"' ~!r0;t:f~'.~,~;~ 1 ~1;~~1:;11~1~r:a 
:'t!1e rn.::1nuL::_11-=:tun::1-) 1T1utaaBnic1t\' -;=,-., 1nc1 ,-1:-in-....1r.:;:;!i 1-1 t•·-, t•P nr1r:-~T1utacJt-';-_:n1.--

- ! ~1 ~11 EF'.A 
8 ciopyr~~~"~~.'-~~~~uty ~i~~Cj;:~~~r~:; 1 ,1 ;~\~ht~~3~'~;11 ;~~~~ire~ rnsi es 

vcdi·=L 1 -! :.=; ()\ier.J!!, it i·; ncitat:h:- that 1~iopy:-alii:J i 1:~'::: a curr1piete cl::Jta '.::1c1p 
i1terature, ',\ihether 1n :J2).)endentl~/ peer-re\ii8\;·,i'e1J or n 1Jt--·:~uct-1 

!!C\,..e rr-1utagE:n! 1(~!\;:
1c:1te:;ts resui~~~ug~~~·~~;cJi~~~!dt~~,~~n!'~~~~~;~;:~;~ir~::~ ~t~~t~e 

·:;11_1'~1ie·-::. :: _ ;-=-r1 >J ::1-1 at: ctt-1 e:- c:!1 S'rnicats in the f 2111i! j'--pic!cratn a;-:d trir:::::iopy· r--:3r8. 

Un 

~;1_1bn:itt~j 

re·./!S'·1V n··1,~P-it::-'J. 1\!so: c::. Cc•,: \«\iint2:· ·1 ~)·:-)~; Eclii:ct-iai 

c; '\,IC),,C:,f:C, c,:,J,':, i'2Sj:,::-,:,: ~JT,:'ii\' 
i ' 
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cf :Jct11Jn ::ir·! the s;=::irne as the suifc,nun?a larnily 
.A.LS.l e':;'~-~~nt1:~Ji t1_J prociu1::::-tic!n c1f rJ-1rt:'E; ~~rnino ;~ci11::, that rnarnrna!s 

·:::ic<::<::":; as the t_ e.q .. l/l OC1tt-: :;n 

r·ate, a!rs2l=t! ._=;/:tn:::jr 1J1nan!:t~ 1011\:). -i 4':::-J in t~1c:
,,.,,,,c,::tu:1dc:';, these :~1c,rt:1c::ic~e'::_: ,Jre 8\12:"") rr:cire 

-['i rncier:::Li>? . .A.s ',/,.ntr-1 tile ::=.i111i1:3r rnolecu!e 2~4-C\ 
Leukernia ( f\Jt--!L)--an1.=J Farrner1s use of 

1::J ~1ss1Jc:ate,=i 1Nitl1 a rjout=:!\nc1 of tt1~ir f'·,JHL, 1 S ·1 a·::. :Jre ti1e cl!C•>::in C>Jntarninant::. that dicarnba1s rnanufactur2 
---;=:.;te':::o Tt-12. Cl1c\1n fC!UPrJ in d:c;Jrnt=·a is 2,7-[JC[i[\ \·\if-:ir::::h caustc'S sev~ra! canc;::Ts in !atJ ~~riir:l~i!:~; 
,~nd nuirerOU'::J crtt-1r:f •.=le!'s-,::::ts~. ! ·::ic:::: TJ-,e arnine s~~it \1er·:;ic1n rJf dicarrtia is r.:::::c:1nt.J.tT1inated ·~'·Jith potent oxidf.it1\r'e-

111trr=1sz1:-n11--;2. ·1 5·3 

'--"' 

. ''::; 

c!2nl:e::~~:4:'7\0C:-· 1 c and EF,!1 .. /(J!>F·T/EEB 1 '395 'E:TJ. Ri,:J a';:;rT:n~. f;~;i- ths Use of l:11id 1 :.~1zoiinonne T:Jpe. r-1ed)iC1d 12 C . .t.Dh:E 
- --, ~'i-:o·::,:-iuts. :vl2rT1LJ [T·=··rn ,J. .• l\,.!ac1c1r-crvvski to R. [:-r·,_r~' \1Va:;~-,. C:1C 2:::.: and S. ,3;_ [:i. Sh.:1\t"' 
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VVhat ti1e Literatur8- Sa~/S: .A.ft1-:;r c:i dispute 1/,._,,1t'.-1 tr-12 rnanufacturer t··/ic.insanto ()\le.r· 1nteq=•rct:n~; 
cihipt-iosate c:ar .. cinogeniclty 
,::~inc!:__i:::;ion in ·u-1e 1 98CYs v\1,::1_:=, t!·1a-i= 
·::;tu·=l\'. 1 E;D LJne EP.A C:·PP ·~taff ,-,p,-c[,,- +~···:-: .. ~J!ltC/?;'., ciat=i c·UC•!-"'-''-'U~, 
Sir,icS tnat suspicious 1J1s~1utei _gl_y'pt·:o·=:::::ite cc-.; __ ,_,,,._,, h.:=J"::., ·:;in,=:·e ti~t::n :is1°.:x::att"G 

in a '=:;n1::..:JI! nc1n-s1c1n1f:cant c:::ist~-'.=.i=1nl_~;J! 1 E;2 -rr-12:-12 ey:ist:~~ :~n u:·1-c1tecl r·eferencc 1:r~_1 2 
iJf Sv·./ecfr::.t1 farn1ers 1 \0'h-ere glyphos,~Jto? LJS8 ·=c:T1:i;:.te':; V1Jttl1 a :ncire than doubisd raTe of r·--.JHL . 
. study 1Jf tf-ie 1-sr-:e i·i:31r_y c .. ':?ll le.1__1kernia (il-JCL, z; frJrTri C;f i···~!-1L-1, L:)un1J t!1at people ':r"ir!c' \,\,'!:':'re 

141023 

t1J Qlypr-1os.ate for-1-r!uiations t-'1 aci a thre~,fc1id h nsk r=,f HCL. and a sirni!ar nsi~ for 1-=1i"-rif-1,'i'-·-:itµ 1·=:: 

L--,c,- -.•._,r-,, ~-- _-, .~:i,r-·_··. 1--, .·._~_,'I,'-_·.,.' ·,._-,_.::ol,I_ l,,"_',,'_!'i··.· ~,_·.1-,,-,.,_.,_c,. __ 1 64 11".1 ·,-. __ )f __ -,,,_._-_J_c_,, ,_c'L·-_.,· ,-1~-i_._:,,_,' ,_-_·~-'----~--,',~,-,'-1;,,·_;:,-.1 -1 ~_-_· ,_-__ '.·. agc:Jin as;·=:::oc·iate1J ·~vrt!: ·::;iQn\fic;~nti1/ ~:-'1f'\t'Otecl. '---' - __._ , , 
.,,r·'- ,-- ... ·-- --- . -' 1·- ~; _, =:.n ~ - r L 'l -11 u ·- -1~:' :.-, I - ,_ ",-,,.-,,, ,-,,·nco ·;! E: S~L-- ',_,•,··_' ... ,., ·,-·_c,·.,"-., '."ii '-i ! :f i I ___ : t'::.i~C:U [ !l_.!f__F:~! ! '- t" >Ji 1 _ U -, ,U; __ l:J!·- !11 '::, ,-c1 -

1ndust1-v ·::~i:tJd\' fc)un1j 1sc1n1e-r..\d-1at eie\i:~1te1j 1 r-at~l:; c1f v~:::ir-11=Jur::. cc=:-:in 1:::.~2r~. i\-i 111ice G1iypncl'::;ate. -i E)6 R.ounciu~-1 1s ::J 

~1c1teni-ster··cii.rJ horn1one disn...Jpter-, 16~? EF.A, v· . ..'arned tt-ie [jrug Enfcrcernent .A.~:j2ncy in -1,~~2.r::, that 
inc1-e-.::i:=:.es rnale anwna! kidney turricil"s: in 2 :_J:=_,·:::,r~:~cl>?peni-=ient r-nann2r-. ·1 sc: c·1'Jr:::~i-ai: 1 \t'':=- intere~.tin1~J t1=1 nc1te that 
irnrnune suppresi•=1n !s str1:=:1n~11y- esscic:ate,=J vvit!-: ·:ancers of ti-12 11-nrnun~· such as 1·-·.JHL 8 HC:L~ ;~=111c '.;J!yphosat~~ 

n1ut.Jgenicity studies als(! supocirt t!11.s: e.~:_s·c)c1aL ·=:n. ·1 tS9 

FEiS (Jstrn: 11 Teratogenic: t\Jr) Effects·" 

\.\n-iat t1-1e Literature 2:.ays: t···-11innt:~sc1t3 farn1 L3iT!iiies tt1at userj F-:ounc1up regu!arly r-1-ac1 stati-:::.tic.aliy si:~n1f"!cant 
ii-icresses in bln:f1 defects (GncJ a increase ir1 neurc•~cJe1.1eioprnent':3i d1sorcit'rs_)~ Ti-iat ~;tui'J_y alsc a 
tentatt\if association \Nitt-1 attention ;Jeficit/t1yperacti\r'lt~/ cliseir1jer- (ADD/A[:i~1C1).n.-! 7l! /:+ .. ·=:.tu:J~/ of pr-egnant ,-a:s 
gi'·,/2n 'Jiypt-1osate 111 tt-i8W (]rinking ·~v.3ter s\-1ov·.,12ci tt-iis exposure c:=iuserJ cnanges in tt-:e ,::l:t!vity eif tt-:r~e 

l SS; F'!e,Na et al. 1984; 1-·.t~.'1 ·19e4; Y 1~d~r- et;]! 1 ·~r:--~; ciil !n !·"·tut. F.es. c ·1 : 0:2::233-245; ·1~:3:15?-167; 21 :325-32;0\ and 
Pua:tai ·: 98f. /l,c:ta BcHany Hung.:32: ! 63- 1 ;Sd. 
-1i:,o EP.l./OPP 1991 'Secc1nd Peer Pevie 1.,.v c:f Giypl1c/:;ate'~ internal hi1erno f1-o!T1 \iV. Dyk~;tr-a E.~· G. i:3i121ii

1 
Oct. :30. ,.0.,lso 3 

pr2ce.ji:-1g 1JPF' dcn::urnent'.::; ()ii this 1ssuej all (.::ted in C. Cox l 99B 'Giyphosate Fact-::,f-1e.er J. Pest1c!cle F~efr:1rn·1: 1:?:::s:::: ... 1 t. .. 
l E· -1 EF1A/C1PP 1 935 'U:;e of His ton ca! Data \n deterrnining the \l\teig~-1t-cf-the-Evidence Frcrn Turner- inciden,~e in 

'.~---

i t::'c:. HarcleiJ 8~ Eriksson ·1999_ 
-1 c,:::. t-.1,~ i·-·,Jo1"dstrom, L. Hardeii et al. 1 S98 
hairy ,~_eli leuk.ernia evaiuaterJ in a cas~-c.ontt.,_:::.J ~;tudy'. E.:nti~J1 Journal :=if Cancer- 77: 1 'i :2042.-202,2 (f::.ir both :.tu 

~ 64 L Ha:-deli et al. 2Cl02' 'E'::;posur-e to pe.sti,:1ci.::·_s ;:'J~: a risk factor f(_-,r nein-Hc_\c!Qk!r::'s Jyrnpt1c1n1a anci \1a1r/ c:·eii leuke:-nia: 
~\c,,-=-·!ej analysis 1Ji' t\"VO s·~-._12c1isll ca~:e-c'~Jnt:-o! ':Otudi~-;~;' Leul-:. Lyn··1phc1rna: 1+3: 104.3~ 104';. 

165 P. DeRc·os et.al. 2003 '!ntegratiit8 ss~::;e'~,s:T:ent of rnultipi8 p2'.=:.tictcles as risk fC::tctors for non-Hr::J1:l9i:1n'r::; ,._.,.,.,,.,,." __ ,-,-," 
amc\n,; rr12r1' Ciccup. E:TJiron. fti!ed.:60: ·; ·1- --1 t. 
-1ci:, 1~. Pa'·Jkov & J. Tut-nier·l3:Sf; '2-Yeat- Ct1r-r::.n1c T 

t+ T-113-13, Farrnington: Stauffer Ch2rn:c-ai Cc•. 

V\/a!s(: r2t al 2000 En\,1_ Hea!t\·1 F)ers~·ectives: -; 0('..:769-7 .. 75. 

JE,S Pesti•:::·1de 8-~·Tox_ic Chen11cai t··~t:..'V1/S 14 A.ui;i. '35, 

~ S'0 H3t-cJe!! & Eriks.son 1999. 

'!?Ci \i. •:;an~/ et ai June 2002 'Bir-th defects, ·;eac::;on c;f C()(ICf?fJtion, and sex cf childrt:in born to ps'~;tic1de appiicatcir·; 
iiv!nQ in tt··1e F;eij River \lalley of r·.,1 innescita, USP,,' Env Health Perspecti\.1 es: 1 -1 O(Supi:d. 3):44 -1-~L 
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, t",..10 r--: :::.ant,J. the e>:.cius ive iTia rr~:s:= \Jr ~1-, tTi,~:r\:_ 1_~'.t '=· _ , _-,.- ~r __ l~~!~ ,~;n !=-~1i~si:s1;,1 :fl ~1_ i_~: :~~l:Q __ ~,?1>::: +:a1~.-.~·:~2r 
i-12:-(Jici1_Jes, e.g.: '\Jocf:::. r:,ecau·::;.;.:: !1. -- '::,aft:-, Lrldf\ .::;dll. ! 118 Cr-.H, d1ILJ lflt:' f·JT MLLO::lr_::'/ 

·:3enera! tor=ik'. enfori:::ernent ac1ion f:Jr ili2t:1a.1 ::L;-J::r:s c1 f sat-e-Cj under FIFF.:A. 3n1j r:Tc. (Tt;3rk:etin(~ rules. 
1 ,-, =--

-~ifcer- suc~1 \r'iol2tic1n·3 l/ileP:' t1rouc1r1t tc t!1e:;- att?.·ntior·:. 1 c. --' .lj_.s /~.P ncites, r;ityphosate ha·:; 
standan::i c2teg<::.('/ c1f - te~.t:in~1. ·1 ::::f, !P 

nc1t [)S'.ISistent are stu;:Jies slH)\·\1in 10 c::.ate, 2,4-[_1 arr 1::l 
f='iCiDr.::;ff:./triclc1pyt-./r:,lt=1py!-2!icJ f-1'.~rrn fnJitS C;nr:::l ./'.?qetal~}!SS r::::on1~:::10Stt' 1j V\l'itil iTiUict--i tl1at f-:a1j b~en t:-eat~'1~j \•\liti-1 
tt:Gse r-1ert:1h:::::11jes. ·1 :38 

FEi :::: Clairn: "T eratogen 1c: l-1nl1kel'y' 

\'\inz1t ti-1e Liter-at1_we S::3ys: E;oth 2,4-[J salts ( inciucl1nr:::1 tf-ie v',/-sre ter,::JtC!~1enic. V'>"~-ien -n-ie !\Jti. 
!ns:;titute testerj tllern b~fein::: -; 970.1 Er~i ErT1bryo ciec-rti-1s; a~-1d .,?:: urc•gs1-11tai o'efer.:~:ts (2£UILerj in 

2xpenrn211ts. l '?C1 lnr::::r-eased ·:;pcnt:;:~rreou~. :~;:::_i!:•rtl1Jr~s; resultecl in a 2,4-0 expt;rirnent.~1 91 Sup<?rnurner-y rit1·;; 
r··,:suitt=:~LJ fro1T1 2i4-[J dosin~i.192 Tests :::in r:3ts:. ':;!-1c1',\1etJ 2~4--L.J caused tT1uitip!2 rib rna!fcir~T!Ell1ties and sii:::''l·,· 
L;ai::::J::tione fonr1ation ;3t ~1igher- closes--tt-:2 ':::;:::1~-i-1e cate~~1ciry of defects as f1_Jund, i:-1te:- ab_:::,j in the fo!ieiv11ing 

epicl ~ rn,1oici ~;1_y stu 1j)e ~·- 1 9 3 '1 n h urn a r·i ~,-_"_:,-_'~_~, __ -__ .; __ :
1 
__ ':_,-_-_'.,':::,.::.-' c::r1

1 
__ ~,'--_:·1 ,_,1 :1!1 1~----_;·2,·,_r_~_-_, ~.ct~_-,' 1_~1~1 s~,_~, ',~_ ---~=- 1~-"--~-~_:_er_•,~'.:Jr~_-_,,_'::,··:' i.,-~1 \f11 f~d-~~,~rr_n __ )r·· ____ i_:_--r-~----_'_.r_ 1-~~1~s:. a t1ortior·: s 

in v-Jon1en ~~'>::pcisecJ _:; rnonth.:; pnor tc: _ _, _ - r:: _ , _ ,-

T(1roughout rur-al t-~ .. iinne·::;r:-:ita, birth r:lefects; v .. 1ere rnot-e ·rre-quent 1i\it-1en pf:irents \1\'ere c~:.1ref!_1!1y- e::;t1mate-1j to t:a\.-,_:: 
be-en exposecl to one ot tt-1c t1No currentt::1 recJistersj cnion:::ipt-:eno:~-y t1ertJicic1es, usually 2'.)4-[-1, 1 s;:s Tr-i: v:;e 

~~-~t::~~ ,~:·~~~~~~; g,~~-~~~'.;;311~1 11~ ;~ c;',;~~ ~~r~e~~ 1~:~n~~~~:~:,\ ,~ 1:~~'.'~?,t ;~rca1 ~-1:~-;~~~ ~,,:~~~~::;,"~ 12,:~;~ 1 8~i:;; ~h ~-~~;~,~-~'en ex/ 
--------------~---·· 

tu·1utagen.:3 -1 : 1: 55·-9. 
l d:~ r·.!>'-, 111\i,D -1 007 T µ.--~1n1i-·-;-11 RrJt ", 7',::c. 

1·n~,,-t ·~--·-, ·-'--•-'·-~ ·t'-• -~ 

1 ;:;6 C. Cox Fall 1998 :r;1y1ph 1:!~~ate Factsi1e~_ct' J. of Pe~;tic.i.:i~ Ref·=·rrn: -1 8:5::3-1 r:;_ 

-i ::;7 ,t,.L. S!:nrnidt l O tv1 ay 200:3: 'Poisonou,; cin Cc·;ur~;~ T=:::·1',_t,,1arcls Dri11kinr~ \/'later' F'·::::ditiken, Denn-!ark ( ava!!.: 

,.-c!Of:-1yraiid. 

Keport0d in Trial, f,Jo:.,1. /_'3S3 p. '37; ancl .-1. 5cr1.::wds,;n ed. -192;3 ChernicaJly lncluc·e,j Bir-th C1 efe.:::::t:::; 2nd Ec!.i i"Je\•V 
\'1~•-!::1·/1arf:el [Je~~ker. 

l'~r~~ E_P,D,/1JPF l;j96 '2,4-D ,'1,cicl: F~e-·./i8'..N cf Ct-:r·1~_1r1i:::·: TC!Xicity_/Car-cin::::n~J~!-ii':::ity ... ' ~~: r, .. 1:--:iy rjc1cJ.et rnetTIO to tt1e 
F>:{·o'!01/•,.' S· F:e-r-e9istr·a t1•:<n B ran;_::f-1. ,~.!Sc• Cr-12r-noff et al. 1 99C 42: 65 ! -5~~ ~::;. 

194 -r. ,IJ,rt.)uckle et a! 2oc11 'An Explorator}· Ani1Jys!s c,f ti-Je :=ffect C)f Pe~,ticide xposure in tne F~i-=:,~;- •.::<! ~;pclntaneous 
. .t.br:::•rtio11 in an c)11tari•::1 Farrn Popuiation1 En\. ~eaith Persp2.:.tiv2;: "1,0';i:t_;51-857~ 

195 Ga1-ry et al. 1 996. 
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nert=iit::::icJ,~s (rnostl~/ 2, :=;orne le1'J tc 1~ive- ·;:1tr1es the rate of rnusc:::u\r=i':;k<=-:~l8t21i ,s, circulator-y t:::iin:i1 

1=cun~~-~1 ~~,:~'~12~1~~1~)~;~1 cluc!nA:r,J1c r~1 the rate cf·,,.~;~~~1 ~~~~-?{.~:ur~~\~~it~;(~~~·;i~~~~e~ ~~~•_j here~ 
used in th2 :o,r· . .1/ricn \•\d12~3t-prc;ducn-1~~1 rura! cc.iLtnties cause 

ti-;G rnc,.re the tiirr1-j 1=!<:·f2ct ccn·eiat1c1~; fuun::::l \ti .. dtl-: 2 1!\rcuid tie 

'Ul '-1·t '· ·I --· 11 r·.---"-,-~-·;-+c..- -~-.,-,., -->'--r:·-,,·+··r-l·,f·.,,·,·-.·.,•·,r.','c_-'',·.c,·.,-19;3 ~.,l,-·n1 1 ••Thl-ll·r-·1-,,_,~1J·r··1'··· \h:i-!2·r~ -~:-11?- t.J-i::et-aTLie. i._)1·:_1 i;:_:, iUUiiU :!! Uit: ''.:);_:'i!1t:'~i f_Jl -~'.:j.!C,_Jii_U1d1 - - i'·.c'1: '1'·11•_ -=j •'.::i l --~"-j 

·:::, ·~:f 2,4-[) had .-:if se111em ~Jt::11-1c.1rrnal1tie::: .. l :~1 9 s:pet1r1 1:j!_J:~lit:'y and quantit~/ vven=::, 
.JffectecJ in :; 2 1_r;1n '.~: 2 ,4-[J ( urih ar~/ vr=_,:ific2t10:-: _-;; 2CrO c:cirr:JlJor,:stecJ ri-1e tv1innesotD 

fc::~rrnecs i):'i-at:J~1en1ciry 'tJas half tr1at ot ne:n-e::<posecl _farmers, an:_j 

cl tr1r?n :')!' un::i:~n t'·.,.,1ir;n,:;sc:t:3 ;-3rsas 1civ\: 2,4-[J !e\rt+~ .. 2lJ:2 .A sinc1!e rlion close of 2,4-[) caused a 2·~9,b 
:~:=:- 1.JLc!:!·~~·r-i :n [)[\l,A, in ti1e t~<-=;t(s '"Jf r-r~ir::s. .:=::4-L) :3:'ter-s ~~est1~u/2( Ley'c!i'.~1 ce!l:;-.2 1J4 ,[-_Ji'.~11-1 

doses cf 2,4-Ci cau·~:e:j te~:t1c.uiar :=itroppt·1y in O 5 ~1\ft::1rnen u·:::lnQ chlor-opheno_;{)' t1er·t::1icicle:::: 
iPS8;:::t:c1cier:::.) iC:l1\1e1· 'fecun1j!t'/. 2 CiE; Piclorarn ~1ius 2, 4-[) ( 'T orrj1::;in 

tir~1ncl_) is ;J 'v'ery P?pnJr::1uc:ti··./e tr::rx:!cant: •,r_,f:en fed t1J ~"ii'.:l-;~ent test 2nirna1:::;-'.-e·v·en "-t:J the fati12r 
--=-; 1 1--:,:1e.2CJ~;· rt-1e c;;:JtT:e tv\1e:::: a.i. so!cl as tl1e Tc:r:jon75[1 forn11_iiation are severeiv to;dc to test an1rr1al testic!es.20:~ 

~~.:~,~~'~i1 :,~~,'f,~8~t~J~~:t ~'.;c:~'.~~~~11~;;~]~~~' ;~~',~i~1~8~ 1~i ,/;~:! 1~1[~~~; .~.~ ~~;1~s~:;";:1~·111~~~/e~,;_, t~~;3t:~''.~s~~~'eci or 

----·-· ~·- ---

,---, ,---,-, 
._'.'.'="·<-- .-t/ -:=Lu. 
-:-'(11 

~;: al. 1 :~i9 6. 

l!\11r1~=1 iJn a fan-r1, ranch cir in a rur8i r-1crne 
o( ai;ir-ir::ultur-ai re·:;idents i:::. vveii 

Celi f=":_;n.:_ti~=-•n ii-i \/itr-0 1 Fundarn .. S.· . .t.pplied To::<icol.:30:-102-:3. 
Sut;,-::(irC•nic '~,tuclies cin 2J4-·D ,i'l,cicl, ,Ll,tT11ne .s! f·:.;t1:.·1- in Patsl Funda.n1. 8< 



10/14/04 THU 07:55 FAX 7036055104 FOIA/PA 141027 

Cic:Hrn: 11 Cancer: 1Jnkno\,~_.ir1 11 

E:elO'v\I (to tt-1e entj)_
1 

V\.'e -ai::Jopt a rnc1re exten:::;!\r'~) fon-r1at (2Listr::3cts, an(j bc·t!-1 ;~--ie/::iti\iS ,_'l,. neo:~t:\.1e so 
that We ma~/ prove to you our c!aim tf1at even the above extensive rebuttals to your cL?drns 
rep:resent.oni)' a fraction of the independent studies publ!sheij, that coHectlveJ)r shr..1w 
ct-iron le toxicitv when you clairned )none! or ~uniike!y11 • Tt~1;:=1t t~-1e :=1r ~·; 
c 1_.l1'7!Dlete /Jteratuie sc-·arc/i' c1f 2)4-C:11s carcinr:1Q'?n1r:1ty an1J rnutagenicity pc·ffoiTr1ed 
ii-iter~~~.t q:-oups fer sutJ1y1ittai of pur_:i\ic corr:rrent on EP/·-.1

·::; cli-aft R:::,\.: A.sse·:;~;1:·1et-1ts fc1: .::::,"'t-Li:: 1_~ 
re,J1st:~ation). Tt-iis rar!'L1ornl_y-::~eJe-cteo' corripiete \1tet-ature se;3rcr-1 1=_.'v·ervvr-:eirn:nqiy f!n,js tt-:at 2 

~H~r;j;~~~j~:n 1c ~;c~ 1~ 11~~~~e~~~~·ct{~ ut~i ;r ~~ Z 1~1~.F~.oe;~1 ~;t:~:' at •:•:•1r;.:~,tts:~;7~~h11 '""'~~ C\/,1:-, c·'rrin 

. f\ie1t1-1er trie EPA. nor \t1.1e have i-ern,,::1\;e,j the T1ndw1~~l3 of nei etfect ti~/ 

put=iltst-1e1j ( :3ln1ost '~\ntt1out e:x:ci:~ptir=in 1n a joun1ai 1 .. \11th \ov~' 

nt: ,:hrr:~~f ,~~f~~i~~;!i~~i_:i:~:~:~~=:~:'.,~.::,.e,!). '~i~~I 1 ~a~~E:~i~~~~'~.t·:;1~:~f~~31!~~1~t~~;::~'.~~~,~~~:·~~~~~:::·!~ =· 
that mutagen1city (C;\\JA. 1jarT1age) rna:y leacl to fai- rnor-e effects tt-1an cai-1i=er alor1~. 

;~~i~-r~~01'.~~~~.~~~f~-;~'~;~a,~~~r;t~~~~f~~!.~'.~:~t~~~1'~~"~~~~1 ~ .. '.-~.:~~;~\;~::~:]~'~;~~~l~_'.Lri. ~~~:~1 f~~~~:~~ ;;~~ ;··~;~:~ ~ ~[.i~~~~. ~~::i,;~;~~:~:=) g~ n ~, !ea.02 :~. 
L) (in::::.uffic!ent evidt:n·.:-·e-) classificBiion. including .·.rc_,u hav·2 not •-JCJt1side1-~d ti-"ie qua~ty th~ 7: v1 1:Jenc,'3 { ;_:.fs rric-::_~.:=:Lff Pd /)~1 tt1e pr-'JY. y ol 
the quality of pe0r revisv~·)_ 

\/Ve nc·tr:' tha11 an old, but still i~tr::}:= rsv-iE-"'" sh•)\t\'·.-~d that2.4-D ir1 p:~tri.icuiar (SUTi~-)ng ;:;;1-ilcJrophe:-10:-~y ~·12~·bicidr:::::::: :-1nc! 1)ther pestic11:.ic:;s) 
con:=;1st;;.ntiy shc•v\1e-d a tjoseir'7S~1C•nse relation t,) nr,:::.n-Hc' 1Jgk1n's LyTnphorna--1. e th.:· greater or icn~1e1- tht~ n-v:'asur·,:;d 0r esbrr"1at~,-:l 
e:-·:Dosu~-e, ths Qreater-th~. like!illc1or:i c,f acqui1·in9 NHL (E:he.iia 2ahrn R .A. Blair 1882 'FestiadE:s and Lyrnphcrnd (~anct:?!-
F?e:::;e--'Ztr-.-=;h ::::,2 :! S .548!::ia-54t:(!a:1 Tne folJ01.•vin~i 8b:;tra,,::t, 1=,re::;.un1abiy to a re91e'if\I, ::::te.~rn:;; t·~· us ::::, 1\=:-1ir ;::.u11rn<?..ry of in n?, 
this published iite-ratut-e: 

F~eube;r f·~1D 19:-;:3 Dec 1 C:8.rcin1=1gsnict_\i and tci:<icity of 2,4-dich!on::.~J!-ie;n:::;xy-acetic acir:1_ Sci Tc:rtai En·',firr=1n 81 :203-1t: 
.Abstract. 2,4-L'iich!or•)pheno:·-:yacetic 8-cid (2,4-D:i 1:3 08-rcino9enic· in rnsi.; and ferna.!e r-~-rt:s 8f1d c:.1:::: 1111r11·-e 1112•e &11,~ 
fernale rats ingestin9 2,4-D de-\re-k.1 pe-d incTeased inci.Jenc:es c.f 1nalignant nE-'opJasrns Lymph,::is3·cornf"-:i.S \fa1ere increased :n r.9t.':;: 
c1f bc!th se;-:es, anci ne-opiasrns of the- :r;:~-j_rnrnar:r giar1ci in fernale- rats_ fv'1ai6 rat; aiso ha:! c:?JC-it"1·:::lt"(;8.:; ,)f tt-18 snclr~1c:t-!n0 or~J:~U"i'.~: 
2,4-C• 1sc,oct'.1t-e.0te1- \1vas c21rc1no9enrc; f-.:.ir th'2· iyr11phoreot1cular systen1 in fcrnaie rnk'e. 2,4·D and 2,4-,_-:li·.::hior•Jphenoi :~L _, \f'!S-r'~ 

prcirnoters of neopiasn1s (.lf ti-ie skin in n--;:•Je-. li-1aie rnice :;1ive'.-1 2,4-[i isopropyi ester incr(7_~_,_s~d in.-:-,1j~n~-:e of 
nec1pl<::i:::sns c•f the iunQ. 2,4-C1 c.=iiso !::::. tT1ut:::J_98n\c and h::or8togen:c in z-:1nir;-izd:;;: ::::;i_nd cau:;;:c.:; ir• 3-riirnai::; and h'. .. u-r->s-i1-1 t=,.~,1ng~ 

Even fly our cxperimentaf studies had been of fbe highest qua/ifjl,, w~c maJr hiive lclcl1ffffecl E1 c.r.ft/cal factor 
th tiff the 1'' igI1ore d (as ,jc an (\.'pica! dx-oni,=:· ::::tucl!e0. V•ihich 2:-e d~~si:;1:-1f:,cJ not tc' :::.e:::_1_rd1 foo· alrno,::::~. 2<n_\i to,;.';icit;f) · t be 
tilning of the dose. Th=2 tv.;ci ;;;tudie:~; b.sio1,v find th:~it !3 not c21.rcrtv-'98n!C' Vi/hen ~.··f-C-' -:-,..·.pc1::_:)J1-..:~ ccc:__:r~. aftt_,r ,,_..,/ea.:-1w19, but thst !t 
!£..\•~'hen thr=" e:>'.posure O'-=:cur.::: ear!i~r 

FarfiF3niuk A_, 11,~usiato\•Vicz 8, Su!ik f.,,r, 1893 fv!ay :?:-iO_ !Son1s pararn8ter·::o c;f •3u~nn c:~::J1,::2r ;_}ft,:;;- '3:.::ocsure tc· Pie!1f: 
(sodiurr1 sa!t of 2.4-dic:hlorc1pt-1eno1~'./8 1:0state,l]. Fr.)! Tyg Lek 4t:-414-6 
A.bs:tract: HertJiGi;.::Jf" P12iik (scoel1urn 2,4-dicf-iiorc,p 1-:-.:~n,:it~ya1::etate;t v1,1as te:::.tt<i '11vith th"3 Eiid ,=,f (:lu-2--r:n c::;;r:--::f3r a_nirn:=:ti r .. :1.,,_--,tJe! it' i · 

\i\) i.s-t8J rs.ts. i:i..n effect of tt!ls herbicide on the c·ancer- ~irov:Jth dynslTiiC-' (s:rzG ~Jr:1j V'1':3!~Jht ,:,,f Hie. tUIT!(J(E, it:=; i-nal!gn:::in,~·y 
node-::.:. invoiveiT1ent\ tumor-ds--pendent ~inirnal ca.cheY.ia (resi body \1Veight), and 2urvi\'2ll 1Jf rzts C:epencing 

2g~· ~~~~~~-11~~~},.:\~:f~f; '.~i~~;~j 1{~ t.~· 'f~~'.~1)1 _ '~~f ~~~~1~~~~~~ .. :;:r:.1~:~ii~-~'.~1 i~;~~-~~-:~r~~'iii~~~i~,_;~;)ir-:~ro ups;:~1r'.1ci p•~:-~t~~~~;"·,~1i ~~ir;;,;~il1'~1i~: CJ'f 
d~ath ~group:; 111, 1V and \ii in the t;'(Jth day· •)f iife E;.;p,):;ure to the h.:.rbicide 1.r.i·a::; F{ats {;f sJI :;iroups 'N&r2 :;ac:fif1c2d 
in the lt:;t!1 20th, a11d 42iid dav after irnplantarion of C'luerin cancBr. Eight anitnalz:; .'='f ca·::J1 ,::irouc1 V·le<re a!ilf.::,' tc1 ass~·s:~: 
~::;unrival. Accelerated gro-Wth of the tumor was noted in the animals ex:pos'ed t'o the herbicide for the 
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::=:::1!ik fvi. M2~us A, iv1u :;::i~tt::Yrncc:: 8, :=:=::u:f;_OV•/Si-~::>._ \~. f<ernon::_:o_ .A, \<-. isitilto'fv':=;ki v'i, ::: (\b8-ni'9 1>Lotc- ,;v~:~; a r·.11_ E8r'Nijul"·-!vlachai:~ !vi_ I ~1~\0: 
Th~ 8ff~ct of 2 h2.rt11c:de---sc,ci1urn S2tit 1={ :::1t:::.:!C r::,1:1 ":: Ue'.·in c·:::-,r·,-:::ir:c:'tT!SI., F'.ctG:'. Ak:~-;_d ivled 8i~:.iy1-n:=:;r: 

the rals exposed o~!v in !ne •><>slla-ornlional oeriod I 

He<'ontnn J"'-12 ,~;i-~thanc•i-2iT11r:e fc:.tTn .:)f 2,4-C-·, \11/t.:: srr~ ;I 1 cu~ 1 , - -r1~' 1p ~, T ~u ~1 .... , 1 -r ,: rrn~r .~ 01 u 2 jq•~ that 
~ias r:Tr:YnliS•?d to ~-ubrn!t •Jn DEA .~-.::;-,rc:1nogen1oty ....... --_:, 11 0Ll m7r L·'~'i 1erl, C>. ::;;;i.1n.n~ [JEA at1d 1-:::.s'-10\y 'l't~e L1E.1-1. ShCiN cdnJ-

'9\/idEnC•".' 1::.•f .-::sri:·1nogcni··:-1ty to th.:;, prern1e-r ev·aJu:::-11:or·s, IAF"C: and thr5 :·,.JTP Ple:a.se arrange fc1r publir-:: notir:::·<? :=-:111d r:>-=-)rrrr-n~nt 

bc-f,~,rE- chen:ic'.:Jl 1 
\.'\/ P, f:o:i.i! tc! unrj6rSt8.nd tr-re cf your cor11~~.:u~:,icn "(~:O::tnc,':'r A__l]Qt"2,C8te F~i:~.k'' •:::-'in-~,.::, ·,rrd j f--.c.li;::.H.:. t-fT::it t1--1FrP jc- iqc i :ffir-,i,e=,nt 
fc ,; 1dence tc: c·!a:;:;s~y 2,4-[) 8S 8_ C8.rdnc{l·~n. hov·J c~1r: Earth r~an ~/~JU ci:=.1:r-;J that . '" ';;c::';~,~·;~-~i~l;~;;j -f ;~J;~,t~;e~~::-f:1 AD~ ,;~ii! 'b~~·i'.Jf-~Jt~cti\.' e cf 

1· ' 

I 

itself l;:, ;;~~~;;r;~~! ;,\~f ;,:~/ ,?!,~,~=:~;';~ c~, 1;,s~: '1'3~;~~~~;~-;,', ~r1 ~~!;J~~11;~·~:;c1 
i,,t·~-,' ·~nx-.:" she"''\' U'iat 2, 4-D .~1!t&r:;::. the irnrnune ::;y ste:rn. it •c- .--.,., <:'I ir<"ii'i---.:. tl-1s:.+ ,...,-, ~r11i•ch e·· 1 idPn·~ c-fi•~1ivinn ·-:., 4-[1 +,-, b'°" ,-.3r,-inn,JPni,~ t.--i 

Lhe in-,: ,-1unc.., :::.ystern. So ti-1e EP.A r-nust \Neir;:,ih •"s;:.e·rn:Uiy he~-,:,;~_., '~1~-e~~>'.ter~:;,i.,,;-~e-';,1:'bclishf 1J lit-~:-;t~a:;~~)~- c;_n•=,;~~hat \"I'~; SL~~r;;Tl~~ri·z~[;,~io-:~ .. ~'-

:'. :~,j:·~~;~:;:,~~:~~:c~"~:~~~=!;n~i, ~j~~:~~~:'~1~~~~ :~~~;~~\E'~~~:i~~:~!;~:~~~,~f ;(i::,~;.,;:~~t~~~~1.~~~i.~ri:~2:~~z~;;;~s~~~(r~~~~~;,:~,~n 
,~,r /!. rnt'rica. 1:=::hs.>:s-e ivlL1

• 51 ~-:-{1 :1 
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a_ppiic~i!:1on rnethod and tirne sp~nt w1 <:-onta:-ri1nz"lic-o but r,r:,t \fliIT.h the nurnb~-r· ,')f ye:::-1.r::; <:>f 2, . .'.!-~D t::=:.e or· f:::-t:!urE:o ;:.-~-. 1_i.:.t! rx..:_:itt->ct1',.'t' 

eou1;~1n-1ent .A.lthuu,-=ih ou-12-r ~iec::tic:i,je.s, ~-'f\1-:'.~n--: tJ~-1 .~.':~.pt1ate :n2.8 1.:11cid0.:;:., t-, 1:~..I'' b;:. i el:::-11.ed -cc· i··.JHL, th~' r:'Z::l-. ~t~:::;''='"·- 1::::-il>Sd V·litn 2 '°i-[) 

d·~:E~:i; ncit appe2rtc~ be e;<piain•::<l r::-;r=.rncilet.::iy t-:-1 ~·i' ti·!~?;;::.e ~:>ti :':'t l:,.'.<'.:;~·c•s1.ires 

C~ant")r ~~F'. E:rair A., Ever-~tt 13_ 13:b:s(;n r:-;_ 8ur;-nc1:~:t2r !_J-: 8·,·,~·\Nn Livi, E:,_:human L, Dick FFi' 199.2. F'~st!·::'ide:;· and 1·::1fher c~•:,11D1icr."ci' n~~:v. 
T~ ~-1,-.,r•· f,-.,r ['dn11-HC1<-Jqf· n"=- 1-, 'n1t)---1·"'<T1-~ ·-:irr•or··q r--lpn j~. ln' .. v--:. :?,.<'1d l1.-·l1nn~S·)t:3. ·:=·-2n:::er f~es 52 :244 7-245~· 1

;~;:t1~-~-~: D;t~i fror;1--a~-; i~-~8;-i: 1~1 r~,int"~t~':1~V1/ '"' . , . -.-: 'cf ,i=~i· :~1:+i!t~: 1·n6r1 >ivith ~-18\!tl'iy d1agncse.d non-H·::id13k!r:''.':. !y1-n;:1h-::1nl'3 an.~: i .;;:Af, 
bc1SB\°:i contr·-~:ds 1ri iov,,1a '.~1nd fviinr:~sot:::;_ " "'2're US'? 1:; c•~· ':·;·~ ~~-': ut·2 ths- ns\.: assoc1atc-i:.~ \Nitt·, tarrning occupat:c-=n snd -~;~)"?:cii'ic ·::_\':'n"_:uitur::;J 

~111en "f'ihC; 6 1_.' e:- far:-ned '..1vc:,1·,~- ;::it ~i-sv z,_t~.j r·i:;oL cf n'jn-Hod9kiri'::::. l_v IT'f=•~1on1a (_') =lds ratlc1 
::;;:: -1 2, '.:_t::_. 1:--, -'-=-,-:,n~ .-i~ n·-:-~ w:tc-t :=-o- ::-

'::-) tr·1a.t \11,1as not linked to spBGific c::-r·-::;r:::-s or- fY::."!Jtic~u!:Jr 2nn-nal:s_ E!evat-sd risks v118re found, "i\ilth acid:=; (at1cJ g(:i!<:::r 
great Br-, tor ~·ersc-q1al h3ndiin1;i, n1i;.:in9, or EJ.ppltcatir~-r: c1f :::r:. 11,31 2J_I ps:::;ti1=:i·:::J13 grouf=1:::, 2nd fc-1r in di viduai ir-1::;.~:c:ti 1jdr:'::o . ., 
·:::h!c,i-d8nc-, dic:l"ilc1 r·c,cJiph'9nyl~r-i·::::hior,~,eu-1::_:;.n.:·, ,Ji-:::-!·:i,-_',~--" 1 ~,:=;, linciane, rnaJathi-:::1n, nk:>)tJne and tc' 
::i~~1'°''"a1iv .~t.-o.-11~J'°"r ;:o .. fir···-t L1:::~ tc; 1 '~f(, tha;·, r·n·::1cs t-ff1d when protect1 v to- clothin~1 or· equiprne-nt vva:=; nr:it us~d StTiai: ri.:::k':; 

';:'·'·'·'' :.'r~.--
1

::.'· .~., 1:
0
1-;'.'.'.:-,t' ~---,.-J.- ... ,,.',·ti',' 'L',' I".~ ·1-'~·.-~._-." .-·~ ._, ~-= ~- __ -~-·- __ ., r:- _:.: phenoxy:,;_,_=:et;c a•:=:i:,=; _:v?r'b;:cids 2,.:/-d1•.:-:hk:q·,_:ipi:<'"::en0;.;·y·s:~':-:-eti,__::· 2c!,J, but u--:.-:=;. nsk:::; cj,id t-i-:-,·1 ~: ":-r1;--'.?~-,·s i!::iij-, 

!::::Lterp_::·y of f3i!ur-6 to u:~:e. prct0ct1 "1e;: K 1 nLffn~r·ou:~~ p~stJc::i,___isc:. pc,:se~: of int.:.·rT're-t1n~; r!:::J: ;:--;S·~:·~)·=·::~it':',j 1,1"1ith s 
r:,a:-tc·uiar c:hernicai, and n1uitir:··is- 1.::i-.=·mp.~1r::;;on~. tn'.=-re2c::~· th-?- ch2nses of faise-1=-":~;::-itiv::::: findings. in cont1-a:~.t non=liff 8rs-ntia.: e .'-T"~-1::=:ur~ 
iTH:Scla:::;::,1fi<.Jat1on due to 1naci::::urate r<:::c:~il can b::~~s nsk ~.:;rn-n3tt::f:. t·)'#8rd the nuli ?,nd rna~:k pr:•:::.mve s~:;E::,:1ciati~:'1 ;;:: .. in thE: f3c·e:o .~1f th~sr::e 

rnethodclo1J1cal and statist1c::t! 1::;2.ue'-:-, U-1e C(1n::;isten,=·y -::/ o:::.e"r0r~J findin9, both \1Vithir1 this study and 1ft.1ith ob;:::e~-,". ati1:i1 :s C•f c.'tJ-1e1-:::-., 
su9130:;::.ts 9n irnp 1~•rtant ro!e fr:·r- :;:::e\1EW&i in~;ectiodes :n t1iS< •:in non-Hry:-Jgkln':~. iyn·1phr.::in-1a :~J-nong f2n"ner~-
k.'..-;-y"i1h:ircl:;:. 

r:.:;nta.ri2 A., F11coco c·, lv\asala ,-_;, f='t"8St9J•'.:'! 1:::.:, \i1n 1~~is F i 9.=A_ inc·1dence r·:~8-S .:;f lyrnphornas and envirc1nrnent8J rn~asur·ernent::; ,-~)f 
ph·~-ono,:.·:.v herb1ddBs: •,·1-trc,,1 study_ A_rc;·,' .. , Envir-·:in H~,a!th 5:3:8-8-4-.35'7 
/.i..bstract The authors o::::-,nduct~cJ an 
They c1)nsid8red r::::Jata (<n concentratton.=:. 

·:i-:. the distrit 1t!ti(!n r:•f n1alignant iyrnphG1T1as :n a ar·ca in nc.•rtht!-t! i~-o=!iy 
Phff,,-,,.,. hsr""i:1i·::'.1do:::=::. in soil and V1iat-;;r- 2H-":::i found the hi,~Jhest '"""''p,-,,-p c•f ,-,_.,,,_,-;,-,,,,,-, 

~;;'.;~~;~,2~~;:~r;~i~~r~1;~:t~~xS::,·;:;~g11 ~,'~~~,~~ ,~;;~-~~1: ;~~:;;;~;1~~;=-~1'.·~~i·~~i~r~f~~;~~'.;~~::~,~~~~1~c;_!~;~r~:;i ~~:-i;~1~1~·;1 -i~!: 1 ~;~~~(~~;~~;~~!~~1~':;~~=:~~~i1~r~;:~i~'.;~1:!,;./1:~~~ l/~;r-\·· 
t\rvi,>~ as higt-1 as 11Vas noted fcJr ths- r~::::T1aining ie.=:;s-p•J!iut~ci territones. C•uring 199~ -I ~*13, non-Hc•dgkin's l~iTnph0n12 wa::::. h1 1;1h6r· t!y >=:(e1;=, 

The 8Utho~-:;:; 2lso c;onduct-:=>d a ;~(O~·ulation-b::i;::Jd G0~';.8-CC'ntroi il12y found::::-;;-~; ::_=;_s::;c_..,::jation b<:-t'ef•.1'2'6n -:7rnpi!J!/ffl"='i"lt r)f V11'(HT1'3n in \"l'j~-grO\il/lng jc•l=:.:::: [_p~-:l!ttculatiy 8S rios v.,·e;;;:,ders) ~nd n::;k c1f ;:·::.·;:-h·::-.. :Jr;ncin's iyrnphoma ratio= 1. 9; '?':fX::. c:c•nfidence rrff_er-\,cai = ') f:, 
V\Jc·d~ in nc~ f1eids 1Nas cotTelated ::::tror:~1l:1i \•Vrrh rl7s1de:nce tn pc,liuted areas. Tho::' ~:uthors did n1Jt CJ>?teGtan assr=10:::-::a.t1or1 berheen ~'J"t::8_ cir 
r·ssicierh>:' or c c:cups:t1•:::.n and inc:iden·.~~ Qf Hodgkin's ,j;si-:::·as~ 

r~~ancer· 199'.~ r·~~ar i5;85(6):l-7;53-C(J_ (·,.:;<t!l!"f!6nt i:-: '-~'-·:-.:trP~2r "19Cic;! _A_u9 f:':);f.6(4):72':ZL3-·: 
_A_ c3:0::.&c:ontr-ol study of nor·i-H•.-1 dg!~in lyTnphorng .:;J.fid •3:·q>.::i:;;.urr2 tc: pB:sticides. Harde!! L, Eri}.::_:;:: on ivi. [;epartrnent of C1ncc1\09y, 1::::irebro 
l"i1edic.81 C~enter, Sweden 
8_A/)t<GRC1UND. Th·"?: ir:cid<:::n,>3 of ncjn-f·kiclQi-:in (f'-JHLj has increased in tT1c•:::.t \iV6stern CZJUntr-ie:::. d1_ffin~1 the la::::;t fe\0.1 dec3-de<:::, 
irnr·nunodefecti1J e condit!r_:,.n:~: :o_-u-e established in 1 S~11. the authors t'Ecp•)tted an increased risf~ for t-·JHL f oli 1.::11 •• ving <j:•·:p 1 ~·:::::u1·s- tc 
certain pesticide:;::;_ The c:·urrent study· was dss1~1ned to tutthsr eluc:idate the itT1portance Gt ph8no:i-;yacetic 2Gids and other pestk::id€o:~. in 

'..:~;~ti:~;:~:~~;~~~~~:::1~~~~~~~~~,!:E~;:~::!f~~~r;I::r~:s~~~;~1',~:i~'.~~,~~r~:E~~,;
1

~~~~~!{£~E~'::=:1!:1~~~~:~~~,~~~,~~~,ci 
~-:'.,:~;~;r~:~~-~~~' ~~~!~\;r~i~~;/0_;~~,;~~;~~~:~[~~=~;1\:lj;I Jr·~(~.-:;0~~~~~~~;~~~ ~~:J~;={~~-irr~l :~~f ~~j~~~f~~;-~;~=~j /1~~~~,f r~i" ;~~~;;:~z~~J,1·l~U~~'.~ :~;'~~) _A_iT!•~'ng 
h8rbi·.:::ides, the phenl)x.yacetic acids dorninated (C1F~.--: b: :~6°10 C-1. 0 9··2_4); and, "/1.'h8n subcias:sifi.:;d, one of the::;;.e, 4-crilor•)·-2-ni;:,thy·i 
pt-;E·)n•=--,,:yt-tC''C<tir='. acid (f·.,~c F'_A,), turn pd r)LJt tc b8 s1gr:~fic:o.1nti\i 3::;sc1ciate:d 'Nith l>JHL (CJR. 2.l ~~.C:10 c:!, ·1.0--e f=" O! 0e\1 erai cateq·~!ries 1.::1f 
herb1c1des. it v:,1:as noteec] .th8t •)lli}/ e~~:pc_.:;:ure dur!nrJ the rnost ~-8c:ent decades- bsfo;-e d1agnos1s CJf [··JHL V•.18-S assoc~ated with Zln in•,TB2S~d 
r: . .::.f, c•f f\JHL. C:<posure tci irnpre~1nati11g age:-1t:=:: and ins.e·.::tic!d6s 1.va.s, strnost only 1.1veakiy rel9.tecJ tc' f'JHl. c;1-=:1f"-JC;LUS!•JN.::;: E:·~P\._Jsure to 
h~rbicides in total, in1..:Juding pheno~-'.';/.~tceti.-:::: 2c1ds, dunil•J the decades before /'·JHL diagno:.::;is resulted in increa::;Ed nsk for ['-JHL Thus, 

~;.~~~-:~.~,~,~·~11~/v~~~' :;~-,~~~:~~~~~1~~=;~~c~~~~ ~~·"·;at2ncy Fun gici de~~c~~2~~~;!11~~~~=s~
1~i~:~:~ 1 ,~:~i~f

1~/;i2> ~~S~;31~)~~~;r[gi1:;~i·~~~Ju_t 1;\~~t6;1:~:J;:. 
ic•r r ... ~ED L\N E] 

Hardel! L. Eriksson M. C1 e·~1e1Tnan A. 19·;-14 fVlay i E>;,l~1 osure to pr-1en~~>::<yaootie- 21.·:::ids, chforoph~nois, ;:;or c1rgarnc ·:::olvei1t:=; in rel::::-i:tion t·~· 
hist,)p::?,thok::·~iY. stag&, and :a_nato~-nical lc.c8l1::'.:at1t:1n Gf non-hod~1kins iyn1phc1rn2.1 __ C;21.ncer F-~~::; 54:23t;f;.-~':389 
A._bstn2ct ResulE: ot--1 10S G8.S9-S'. w[h histc,pst~-1ologic:::-tiiy conf1rrned nc;n-Hodgk\n's i_vrnptiorna (f\JHL) ::.tnd ~3:.3:~, controis f!-c,rn a p1·0viuu:=:Jv 
pubiished ca~.e-ccintroi study on r-n:3lignant iyn1ph·:=1rn2 :~:J.r·~ pr2santed tr.)gether 1,1,/1th sc•me e1'.V?ndsd 8nHiyses f\Jc \M::0:1s ::::1 nsk 
facti-.::•r fcir ,r-,n<L Exposure to pheno1-:yac·etic adds ''"'"·1c·n in th-:?-' univariate S<naiysis, an c1dcJ~. r2l.tio cif ;::. S WJth a_ ~3'::.<:_;.;=, ( __ :::-,nf!den.::-~e- Wite 1·\,' s-:JJ 

of 2_ 7- i 1 f'o'k,st C3-Sfos und c:•)ntr(;[::; \l\.lf're tc· a. ,~-:>:::irnn12 r·::::isd rni.>'.tun'::· of 2,4-i:::Jich!c-'ro~~;h~not'. '/3,y:;ti·=· 2.-::-:id and ~~.-~ ,1::_,-

tnchi;)r·opr-ienc;XS'EiCBtic ac:id. E.'<PO[:tffe to chk-'rDphen·=··i~- q-ave an odds ratio of .q_:; (2. 7-8 8) \·•nth pent:~cJiionJf:-·henoi bein9 th.:;:, n:c,st 
c.;r 1 .;·, •t, t 1'~,r--: t:,.,pc·~ur"'-" I•~ 1:~J_co.r11:: ~ol'.1.-: ,t:-- an e;jds r·J.bc• 0f 2.4 (1 4-3_9). Thes"-:'- r"::'sul!s 'Hers- n,:;~ -~hanged 1n thP 
rnuiti\i3!iste ar:2iysis_ [ 1i•=:hiorc:id1ph13nyltrich!r.::·:",>?tfT3Jl6, s:;;::L)e:;;:;t.:;:r;;, sm,:::d-'.ing, and or·a.: snuff ·,ovc7re not :~i~s:::·c,,JatE'd .,,v1th an 1ncr0a:::>~cl n::ok 
for i'·.JHL_ Tr--,8 resu~s n?garding incre:a.s~d risk fo1- !'·.JHl_ f.:::.liov~·ing e;.::pc1sure to phen,);<y8-cet1c 9_:::1ds, cf"1k)rr)pheno!s, or sc•l1,'tonrs 
.._,,/ere r1.-)t 2ff-s1:'tf;d by hi:;to1=•9_tholo1;iic2I type, clis13·a:se or- anatornical site of di~.aB.se prt::;s~ntation_ f1"~ed1::_:j_11 :::.u1-vi\' v11a::; :;;.,)r{1•::V,ih::;;;: 
i·)nger 1n c:a:;;sz; .sxpose-d to i:::)rganic s·~··ivent:~. tn2J1 the Vr/8.S e.•'.p!ained by rnore- pro;:; v alent e~--:pc1sun:::. t,,_" •)~-'._:"1~:tnic :::.oh_1ents in th>:J 
grc)Up of c·ases '.1Vith !)ro;inos!::; i-.JHL hist:,p:::ithok>·J\' lF~efiSrences._ 2q NUrnber r)f F~efer·::~riG-".:-2 29 

Br· Li ind rvied. 1 se1 FE'b;38(1 ):27-33 Sc·ft-t1ssue :;:;arcornas a.nd e:·.::posure to chernical substances: a C8S6-t-eferent study ~r-iksson ivl, 
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~-1::2rdeH l_ 8.sr~;J N•J, ~Jc1i!er T, A.:<>Si:;:;: =\n ·~1 • in 1977 se-venJ.1 f:Y~tl:1ents \•Vere St·en w:th scft-t:ssue ;:;2Ircornac :::-.nd pri3Vi•-J\JS e .... ;posure to 
,-,,-,p,-.,-....... acids_ Thi::; clinic:~! nbs.:;-: ,1:=:-ition n='-:~:ulted in :=:-11_J3:;es-(sf2rent (mse-cc,ntrol) study being undertaJ:e:n \1vhich ::;h')\IVBrJ th:=:i!: 
..=..-., ~=-· ' . ,__. 'C -;_,_::;id::; ,~;r '·i•1T:;Ch :~Te- -:h,.::.r-ni,=:=:-illy reiated, ':}::i_'.i"E' :?t t"OUQhiy Si>~-fCdd ir1Cf28S8 in the ri::;k for u-1IS type r~,;' 

tun-1our ;,_further ,;::as&re:'e:-~nt rnac hs:s ni)\<V b~en ;:i>~--:·-=·_·-·.·.~._-·tc.1r1_·'·,-1.:~J-'_'tno•~~:.,nh··.-_··(·-'-•.',',t1_~_','-,:=,-::.-_: .... -_~:_·_-~!:1,._·_-.·,,.r~,·_i'1-i~--'·~·;·1:.~,l-,:;:;':'"""_-2mn,·~"•'_=_t'nls1 .. ·,c1·1 ,~-'..·.~-1 
.. _ ·,n 

·:1t 1ta1n t_irn-1~r inf•JtTnB.tir>n c)n tt-1~ 2ff0cts ·=;f diff~-fET!t c-h1:.'[!C'."':y acids. Thi:=; ne\11.I ini, ::7""'-'- -'='Cl. ~ '; - ' -' '-;;" • - -.::1 ' -=-< -

tt:.=, r-:;::J fnr ;soft-Ussue s:=~n::x::.r1 [_,_~'.· c:i.cid~~. or- but this. r•::;k r,_:dat"7d ai::;o to ~:=-~p.;.;Si_fft:o to nnenn••-.1 
:~1c::d:::: fr~e fn)rn irnpur-.tss, su·-l: ;,,·ts C"''"'c;-,;,-,,-""""cJ d:ben::,:•rJ10.x:lr:s a~-,d di1t-r1::::1::,f1_ffsns. Pfvl![): 7A71J-'.p)I [Pubf'-.!ier~J - inde1.>7ci f,:.ir 
r-.-'iEL)L;!,.JE] 

;''d::.str:::i.ct: C-1ur- •)bject:ve :nth? :~tudy ;,.v:~1s t'J the putdti'u'e ass,::··cia.tions i-::,f :::::pe.-:;ific; postic:1des \.Vith nc1n-Hc1 dgkin's Lyrnphcrna 
;I iL': ,-,:atio:-:a.i 1=::1as0ifir:::·at!·")(! r:•f [)is-:::oa:;;es, ·.rer:::=ion 9 200, \/I} e -~c:--1dur:::ted '.~ c~-2tl8:.-fr:3J: ,·nuitic enter P'Jf=·Uia.tion-b:~tu:;,d 

:nc-:-=1ent , ·a:=::.e 1~ r: :::c 51 T)-contrci1 (n = 1 f:/Jf.) ~tud y :J.rncn-;: ~...-;en ;n 2 divc-r::::;ity i)f cc-G_1f}2tions an !nifraJ po:st2i que::::.tionnaire follov\"eci 
inte1v1e\I•/ f1Jrthose re::·~··:::-:ting pesti•.::1•.::le 1:)f 10 hl:-t~ar 1)r rnc11·-s, anJ a 1'ar 1.-}Jm .:;amp!e 1)f the ren-r31nder-

of r8Sic1'2n1:-·e, and :;ubs.s.~uentiy 
dC:':;;S>1-:s:t1z::j:ion tre:~1tr··nent, snd a nc-ci:·,-,,,c 

,-,nnci:!»•n:~i iogisth~ rer~Jres::::ir)(: ;',.tr-:=-;tt~ied by th<e rn:1tch:nq V~inabl 1::0S r)f 2!;1& 2nd 

for .s~~~tic~!~~~~~~~ i,~if!;~~~~~~2:~r~;~-';~j~~'.~~i\:::~-~~)J.: f~~~~~~~if~1 ;~~f ~~;~~-~~CJ~1,:i~i~rd~:;r:~;~~c6 r, 
'----~~,:_:;s~:;:: ,-)f i '>'-'~"bi·:::,idt:-:=:;_ the n~~k c.f f··JHL "-'"':~'i:~ :ccltii:t1,cail:-1 ::;ignii:ic:-;-:j_nt:y in·~~r-?2ssd 8;<:posurie-' tc [CH-~{. i _::~:B: ·:t:,-~{=, 

9S,.:Y~ C~!, 1 <j2-2.E8;1 t::~q)c•sure to .:::·::~irbsmat.:o 1 92: 9:)'~-';,, {~;i, 1.22· 
1 _27-:2_:36), an1ide h)tv;;iicides, and the fur-nigctnt carbc•n tetr.9ch!cride 

;=~;<~H~-~;~~~l~~~t~;ii\;a;ij'.;i-;;~1nifit~~~~!~ti;~~:~;-~:-~ased by 0;·;r-.'.;~i~::~:~;~1:[!~~~Jt~~~J:;. :;i,'~i~,:~;;~~~~t~~~~~~~~:.~'.!"-..1~~i'.~~~\,;i·:j~:~~~:[~~~1~;':s~~2~f~-~:~k 
c-L i 01-1 7:3), tT1ec:u,Dro,c {C•Fc, 2.:38; 9:J7-0 (;i, 1 ·'.::-8-8_44\ :=;inrj dic8_rnba (r)F\, 1.1:=<::; C-E·~-{;. C:i, i_00-2_E-!1); IO thE: insectic«des r-nalathion 

'.~~~~'.~;~ 4 ~',. - ·;~:;:,~~-~,~ ~f~1:i ~~n~,~:;,_;~:., ~;;~'.~!~r:~;~:~~~~~-i~-:_:t~: r~.~~-~~l~!~~tj:~~-61:~::·~:j~~~,~~·=I ~~~~~}~~~~;1 ~~;,~:-~i~;~;~,~.~~i~~:~; !1;~~~0 ;~;j :-:~f;,~~~~~~ tt~~i~~~::r 
rTl3Jor chc_ :·n:•::-ai •-:'i2sses or !ndi"-'iduc:1i pestic:d2s. pen:;on:di ante,.:'edent C8I1cer, a of c:2.nr:::'.er arnonq fir-0t-de9r'3e r0l:::ithieS, Bnd 

e:'. ;~'o ~~u~-~ t.~'~ ;1~:!Li.r~ ~~ ~::~ltsi ni~·~:~;~i ~~~r;~1~~~;~~~;~1 .~2 p(,~~~;1;~~~.j~~~-~t~;~;)f ':n t~1 :'.: :~'.~~~G~J0l ~;~~ [;J·~E; \~~i:~r;~s 1: ~:~;~~~l::H;~;~s~~r~i~)~n 
rT:>?asieq and of alier9y r::Jesen~:tLiz2t:c.n treatr;"1e:nt:=.:. !0 1Ncr-~d the r::sk_ \/Ve c·oni:iuded that i'-JHL 'l"Ja::; as:::::oc12ted \"-':th spec:f1c f::'.n2st1cides 

fc·r ether 1n,:_iepeildent 47] f,Jurnber i-:Jr !2lefE:-rences 47 

\/ w1ci:=::. F' l=" ~ ;.?! ::is::;cJ1i fv1 ~-tcc_x_Jn'3 :')_ 1 '?'~)j ivisr ti_ lncicJt=;ilO~ rstes •=if ly rn~,h·~·rn'.::i::;- -and :::.cft-t1s-:::ue sarc:ornas and en\.cirrJnrnS>ntal 
0·,·ea;~c~r-~1 nent. 1:'.::<f ,t::iheno:--(v h-srbic~ide-:;_ J r·~stl C:ar1>,::>?-r inst t::3·~~ft-:3. [AE:STP._AC:T- FC1Ur--.JC• S! 1-3i'~iFlC~.A~,JT .ASS·~~C:Ti\i. NHL V'v' i A.Ft.AS C1f= 
l-i!<?.H S•,)iL C~- 1/'J A. i t=F: 2,4-L'• LE\JEL3 \/S L•::i"i./'J ! __ E'"l'ELS:. 

···;c;d-1t.iH-i2!DCi i'.:i'.~{)_ ~n11in:>nn ,:int8.! er~··:d~tTilOio~;y ;_)f non-Hodgkiri's iymphcx~·,:=;i in 88.::::tern f\Jebr:~-i:Ek8 __ A_n1Li Ind !vh::d 1:3::303-5. 
int'::::id13nce t)f !yn1ph>JtT!?. li'~HL) !:::: increased in rr1ar1v c::-'(JUnti~::::. tn 88_st2r·n 1\Jeb12tsks_ Hi:=:.to\Ot~1iC an~1lysi:::. has 

a99r·e::;::;i>...-~, ciiffuse l:o:1r•]e ,_:efi - r_:::,f i'>JHL_ To rnve.sb,;-tste tr-1e- pc1:;.s1b!.s association 
l::·n:;tWe:~'<; f'.lf---1L 2nd a_~ffi•.-::-u!tural :~ ocpui:;ition-l-:'-::o--JSed c:a:::.e--controi studv ',_;",_1a:::. •::::on ducted in ea_0t6tT1 f\J.:::brasf; a in 4 '.;Bf:,_ 

et•onn. ,;,,c 1ntC"n_1ieNs \•Ve.rs. \•Vit:t"i 2J4. 111en having histoiogir::-;~iJly confirn:ie,=i r-,.JHL and 7~":.5· controls .Arnon9 m-c·n, the u:se of the 
hert1.,c1i:::le 2,4-[l 'iNa:i: ~~ssociated \•Vith a 50°.{:. 1ncrosassd f"ifk Of l'--JHL (CJR 1;'=', ~it,.~:{:, (;I!) 9, 2.4 ;1 Pen;1)nal e-:-'.po:~:,1..1re t•:\ 2,4-D mr:>re tt-1an 20 

::.,- 1n.~:2a::;8 . .::i th,s- ri:;;k thrs8foki 3 :3. '.00_,·}.:, (::\ 0.5, 22. 4 ). E:evera! r:::i:::::is::;es of ins'3r.:iicide;:_:; 'NE'fB als.-::1 8.S::;,::;.cia.ted v-~·1th 
nccccc ',, ti::;k Gf:-J8.>!0f::·hr_")s::,f\:~ites (C1F~ 1 '.}S~-~ (;I 1 _ i' '.J 1). c:srbarnates (CJF~ i _:3, 92::;;0 (~! -: _C:, ::: 2), :?,n,-J chl,)rinat'3d hyr:lr0'-.':8-rbons (C)F~ 
: -I, :)f:= - ,-~-: (1 :?,, 2_3)_ A::;: :::tr ~_:,:::::uit of intense a~~Jr"ichsrn:cai : 1se, exte:nsi;._1e c·ontan11nat1on ,)f sh:JJ!o·-.nJ grc.i_1ndvr1~1ter ni1:r3te and atra2:ne 
i<:=:.~; ~?:.!:~;,_) c,-2currc,--:l in 2asrern ;\Jebr:-~_::::ks_ A L•A.-'()foid ,'nCr6a.sed inGidence c·f hJl-i/ __ is f:'re.s2nt •n 1:::ou_nties 'H_!th ::;:1r2ster tt'"1:;iri 21f_:.~::, cf tht: \f\;'F,:>!i::; 

-,nt::;n-;>tT=:tL,~d n1trat8 (gre'<:-i.ter than 1 Ci Df:·tTl J :::1.r1 :J :n cc;:_irrti,:_os 1.•vtth inten;-,:; fertilizer 1_;:::.e lli~S•::; f1n.:!Jc·FJS ::;u~1qe::;t tt·!:~_t i1JHL in eastern 
Nc:;C1rask:a. n·1ay rei2t6d tc' the u:;:-e c1t pe::;t1cJcJe:::. and nitrC"}'::-n ferbl:zerT 

.:-~ L:,::::.t:-:-1ct -:r,e r"':=::k: of n-;g_ii.-]n:::-int ::.--J~er p·:,C> :oic:· 
-~·,: ;:o 3. :1at.i.:;-;-,a1 r":>~ -1:=::.Ls 1r: i '?t-C.1, 

sc·:d her-f=-,ici•Jc:~. V1"a:;:, studi'3 1j in'.354,E~D ::=.~11vr::odish rn;:.n 
tmc,.:""' The: cr.=,r1c1t \1v21s di1,iidC:<d intc-1 ~1JbGcho:ts 

... -,-,-,,,-:;,.-,,tc, .?.:::.su:-n'3d .;:;;q:::·o.~.ur~ '.~r,d o:irr:c-'ar"ed v,,:[h ! :-::;'·A·'e'·jist1 rnen \1~11.nnc_; other e-conon11c~~c-ti·,,'1tic-s .. A.ii were folio\i.;ed up in 
li'18 _ o , !::·Bt"1,,1s-~~T1 l ·~Bi ar•d i 979 Hon-H·.:::id9kin ~ "i""as tound in SF;! rnen in tr-;>? :=::tucly c·c)1(Ht The 

"ti-,12 ri:::.L ·.t,:as net li:Cr':':~:::::sd n-1 sn;1 ::::.1J::-i::'·:~h•::.:t, did nc,tdiffer bC<t\veen tr·1e .;Ubt)rJ!·1orts, s:,_;:j sho\~/2d no trn':<: 
-·,:;;: .:.., i !il·:-r·.~--;:f~·::: in LhS' total _.hort •)t· any suhcoho~t_ Hodgkin'::; dis.-::--ase was f•)und in .:;.:-:,_5 :"r1er: 1n th.-3 .study c:r~·hort Re!.S"1tiv8 risks 

hi~\;: ~ ::,. ;-1 ~~ ~~~:~~~;·~-, ·,;;-~: 7c: ;~~-~~1~ ;~ a1-n on ~~1 ~-;!~ f~~; :~~~? s; ~~r;';~ ~~1\';~: ~cu ltu ~-e v
1

i •J;:- ~r1_;~~'·!~~~ ~~ ~~-1 ~- r- F: i a~;:~ ~1 ,;~1 :~~'- ~~'·r;~1~.:~ 4i~i~.;:· .:~'~ f,~,~;~; d in tr-:~ 
·::::! : :'.::-'u!t•_;r;;- :~::_1t::ccOhL::irt. di :J nc1t di\1 e-.r,)e frc,r-n unit·,/ :?.nd n~· tin·1e r~i::a.tE:r~J tr8nd \0'8S d1sc81T.ibie-

:::::c~htT; ,_,, , [_,[._ 8:3-bt)itt P/\, :~:8-al F',C:, ', / a_u,~;ht ,JB, c:~intor· :.<F', 8i2ir " 1 ·~t~('_ A 1:=;a:::.e-C:.Jntroi :Study- of i\Jon-H 1~·d9k1n'::-, 
~-Y !T;[;flCJr-: 2,4-Dic.-hlor·1=.rph.::no>-':'S.'u:;,2tic: Acid (2,4-C1 ) in E:::1::::1.~1r; >-.Jebr:3,:;k2. Er::•l'='•~::<t·nic.<!ogy 1 ::349-356 

M_;_ :::-tr--~,:,~_~,~ :~)~,~~-i~:~'t!~tc~ :~he n)i s of ttie herb1r~~;i: ;~.~~,,;1i~~~l1 c~~~J,~Jf_:'.~~c~~'./;~~~;~;1~:~c/1'.~ l;:::t~~;'.;)1 !~]~~'.~;~~! '~_Or'-!Pnt 
1

::

1

f 1~~~~~1~~~ . .i~~it~~~~rnph orna 

,~··:;n,~~u,:i>::,J ,_.vttr, ;2\Ji vl"hitE' ((pco:n v·nth NHL b>7t.,_.·,_1t?er; .July 1. i ~<~:~3, :3-nd ,~un·::· 80, 19;r=;, and \f>i!th o·)ntro!t::_ Ther·e \ir/8S ~-i: ~,o=:.·;-, 
,-~·;::,::::::. -~-.f ;-.]~L. :::1rn..:;n·~i rn"~n \~ih'::i n·;ii':Bd oi '~-,H:)::il:ecl 2,--1-D 1:0,~Jr:J[; r-stic• [c::1Fl] = ·1 ~ ~!!::"~ -. contid~,ncF.' 1nter·,_r·::il::::: r}'~.~, 2 

",,··;-.--;-·;_~::;e;.:: -ii~' th6 8 v ;:;r:::1rJf::" ,)f U:;;:6 t•:i ·::0·\1 r:=-i- thr':.'Cfold fer tr~, :2(i iJr n-:c.::o: ·':' ,-_-_i:::_o_:,/s f_'.>t'"t- = (i_(Jf, 1) 
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,-H,,-,;,,-,,-,,-,i-,,, •;:-.;-,~: ~s arid ftffl'Jic1d":<:: an ;_ 1:·-, ·=·~ -~-- , f._:,; 7:J,-;-r,.:;r.~. ·A·'h') rr1i.=-':S<i i::.Jr 2,+i:• r,-101·e th:;~L2·-~· 1:J:~i:·.1 ~~- F"':1· \'' e-::o-i.r R:;:;-f: ai:::.ci 
... ,c,-.;:,,::--:::.;--·o dt-gree of e:>~pc•:::.cne. ;3.~. 1nd1·::s_t,~<1 ,,_, --:-:1:-:-:sJ:';_J1-- ·-'",.:,n-1c"J anc ri:·c;i:- SD,:'T1t in- r~ot-1L3.rr1ii1at6d !Jut not l."iiti·1 tt1.;;-
:-1Lffnb.-:'r ,:.f -,,,.-e:~'trs .Jf2.4~D L!se o;·fa1:urs :c~ us.~ ~1rcJt;:;,~:t\,.2 cJtf>::r pe-::::tiGids:;, e:=;f)~Gi:~<!!y .--~r-;-J::tnopho:;:p!:att:~ 
::T:>:<t1c!d0:i:.; r.--1.~1y· be r'::dated tc· \\JHL, th~- t·isk s.-~.:_::.,=<:i:~lLi.: c;.~;es: ncit :::.;.ppsa1· tc b'? e:<:p!ain<?d cc·n·1f:.d:?tei\• by t!l8ss othe; 
'°':·'.P'~ :~:u-e·~ f<evvv,_::ird:::-

,--~1-1 ,j ,_i V\tork t:nv·1ron Health i'.)94 Feb;~~0(1 
r i · r- H ~ --1 --; in'- '- 1tT1•1f" :or-.- .- 1-d si ..,ri -- lti 1 --- 1 ,...,,-..--, =11 -. --c- ·r- -1- -, DP)v1ncr;;0- of !.~;a.nada 
;,1~1 '.:;,r:~,:~:;:;~,~·1~. :~~~;~~1 e r'.~,;:1~1 ~~~ ... 1~:,~1/ i;\_;;1:::.'-;~': ~,:.{ ~~~-:~.,; .d'.~\1'-·'~--~ '~;~ i'=-

t::1_1:-2au ·=if ,=~hr•)nlC [iisea::::B Epiderniolc1qy, ,,:;e1-:t1-,;· to:- C·i;:oea:::.a 1:::::ontr-ci Hea!v-i C'anada. i:)tt;;;iv11a 
(:-1EUEC::i\/ E:~--Tr1e' ai1T1 of thi:::: stu•jy- ';V2::; tcJ an u;Jd-3-t•~: ::if' -:i c1~\t1ort (1 '.:!7"1-193E,) that f:•!'tSlfiOU:~;!y r .. :-T'C)ited a :;;:~!'.;T1ifr_~;2_rt 

tr· ~n d in th~. 1~i?~·;.~~;:~~i~:~~~(~.~~k~t~; 1~(~1}'~'.;:~)tp~ ~i~1·~1:5:~1:1:1~~i,~t~'..~~;;;~:~~:~~~t~:~t~J f:1~~~~~1 1J~~~~~~~·~,~~;Ji~~:·g~.~~1 ~oi~i1~ ~~1·~ii'~~~:;:_~~~'.~1;::1:~~~-,;1~;,;~~1-~; ~~~~~;~~-,!,~~\·:·· 
f,~·ik1'h·-u;:· arid ;_ktta frorn t.1...1e i ·;{::::-; C::13nsuS ·Jf r;_AFTHl·-·,[:S'-inf1_~;iTf".at!i'.::•n •:in fan-ners f;-·,:ir:-1 i 971 r,3t~X:irds. of tht? (':~nsus. (.i'i 

V•,'8-S i1nke;j to 1 ~~i7i r~_er::-:1:-'rds .:if th.::o ~--;e-nsu,;.: -::..-f ti.) 19:n 1-ecor1js o'f the (:e-ns;_is cf _A :;in::ulrJrf', and t!:' cJs~-:ltt-; (~Cc :!~ 
r2 1;Jr":C:'':;'::;ic·n '·NStS used t·::> '2St1rr1at.;:_, risks a'=-'=- 1:.1,Jin~i to he <:11·::-:ide sprayin:;J 3-nd fuel and oii e.''.l~·encfrture:::: .. FESULT::=:;..-The :c<J,::-Jit<f' 

1._;: :::i_ fur-th~"r· tV;i(: years cffoiic"~·,1-up rc:':~:uit~d 1n io1.;·11"='1- :-·:-::1- :.U;natE:·:.o. :~-~ .. ::;r)c;iatE-d v1.:itt-i :-:er\)1'-jdc s;:1r=3-Vinq fr!r Sa.sk3tch6\ii_1:~'tr-: Ni:',::,, .c"?::::.eo, ;,;o-.c 

1,-:1.-'::1::, C;;y:;:l:O:f\'>::"d tn~:t\n.188!1 heti=Jic!d3 SDf,:C<~/il-1g and r-.,-,,,'!.rrv-rc for- tdbet"t3 C•r f··.~ctni!:Ob8. in ti~e 1 S';',71 ,,::l.o_o.ta HO\•V'7\'6i-
1 

:::_1 

c1r1J'u1!nce::; 
h2CL'.::1;-i,:-:~:: cnr,crfrd 

'iC•:c>:''":iin':it·=:1 ac,res ::::.pr8}'Sd \i·/!th herb:\:::1d~;::, 1."i8.'.=~ c<):.::.r:;r ·,_1 ed for thB tht ~e 
t::.81 .::.snsu::; of Ac;ricu.tL1re V·i2S u:=:.e(i f_J' ,_=_)r = 3.S'D :Jere~:;(.> or= :~\..-:;·s; 

tate- rat1c' 2 ·1 ·;. c;'S.c:-~. c:onfidencc- intc,'-'--'~i:! 1 i- .3_ :J]_ ;:2-CH'·JC;LUSiCfr·.J:~:--A.!though the cluTent r-?sults 8-i•?: 1-1ot 
::;uppo::: the ·~·.versli fincl1n9 of :a.n 2sst>::l~-ttk:1n bet\n.-·een herl)i:._;1de::; s-i.nd 1:;f 

2.tu,.~,:~:~; 3.--s nc::c-:;d.s,J tc ':i'"et\:;: .. rne the. iirnit0:1.~iC•n::; (Jf e;-~islin~; :::.~udreo~-

[\,ltd Le~·.,,- 1·~1SO l'Jov~C)>3,::,'E'·i((:i).,_:;9'f--S05 

,,,,,.,,-,"i;1v :::::tudy· c,f C>ans.d!an rn;::~e fan11 t:•per~=itc•rc:, cancer rn\)r::_:::~it'.·/ an·:.:l a9n•::u~Lffai practic-es 111 8askatchevv2n-1 
t=:~1tt8r L, "JVigl~:? DT, ,Se-n18nc1\~.1 R!v1, "J'•/iik1n:=:: l( F~!eci-~! D. f\.t)\J Y 
H~a:th F'rc:t0ction Branch, He2ith and \<",/ ~2'ifa~s C::anada. i:.Jtt2-"-'V ~-- :::Jritanc1 
.. :h2 pr~::.:.~-11t irr·.f8st1g8l:ion in,_rohred sr1 anaiyt;1s of appro:i<iil''1a!:eiy /0

1
000 rnal,~ Eask;;:;tc:hev•i2Ji t'arTn eipc:,1:::::.1(:::,r,::., a sutiE:Pt eif the ~,~'.f,!:':,,C((} 

C-2n2d1an farrn operator:;; to b6 invesb~12ted in the C·2nt1dian F8trn c:r·srat1)r ~J10t1Hlity· Study Th8 result:::. of n-1e ~:8:--:;katcf-IS\h!Bn 
indf,~;a_te that duting the interv:a.: :;;cud1ed, ·~1·/eral! a:~·1cJn9 s-~~-katc-he:.o.1a'n f:_:;:rrners IJ1/2.S 25~~~ k11/t113-r thar1 tJ1at f,Jr ail Sa_::::i:at:t11:C-\/t.';"Jr1 
n1en, and that, du1·ing tht3 sarn>5.=- tw;1r:; intent a!, tr;e- 1-isk '=-·f d>?ath fro;-;--, a.ti ty~,e::: (lf ca.ncet- V•.1as al:::_,,_; ab·::-,ut 2"=·~·0 !1_)\;\'t-=oi- ar-r1on9 S:ask8tch;:-;v·:~~-1n 
fa:Tners than to ail 8askatche\e.1s.r1 rnen. .Although the pr-ese-nt indicate.~: tri:?.J ov61-ail n"10rtai1ty C·f death fn)rn can1::::er 1_;,,1sr2:". Co..-::, kJV"~--r 

Sa::;kat<::l .. 1c'fVan n·1:-:~e farrners. tl-:Bre- \1V::.ts a t=1e-twe~n nc)n-'-iodqkin':~ !yrnp~·1or-na !Tl>'::>rt:~tii!:y anc) 2=-:res s~=1 rayed f.-:-;:- ·,_,,,.~eo'~ 

ri:::,k rei8!ionsh1p b6t·A·een 6.:-::penditiJre:::. on fu~: .::-;ii an·=l risi: c)f d.:<8th frorr: non-Hodgk1rl;~: lyrnphorn2 'l"i85, ~lso e>ndent Tl-:eo 
rn2gn1tude c1f 1-isk for S:a::::katche:V•/2.n farrner:=::: IS prc,babi:;/ than that r~fl8r~:ted in u-1e e:::titTi3tc-s in thi:::: stJ_idy, dUt'.'; tu th~ !1i-J~;l!h:::::r:)d 
of rn::~;c:i2,:::::s~ifi,_]:a_tion of s:,,:oC>s:ure i)-,·e1-e 1.s: 8 pF"filicular fc1r further studies in thi::;~ area tci t,1-12 quarrt1!"ic:Ettlon of h2rTr1h-1Q-
reiatt"d <3/:po::::ures, and to study the e:.-q:_1osLJr6 histury of 111di 'u' ldU8!s. \1\;t-10 de-.....-e!op non-Hodgkint, ly:-nrJhorT:3.. P!":1i[1: 21 :~JtJ7t~6 [F'ub1v17•.::! -
inde:..;.~d for tv\t:Dlir'·~E] 

:n sdd1Li :-=n to f~~::::.e-ly d~nigrating and ignorinQ the quaiity of-pse:r r::>.v!e'.fll (inr:>ludinc; pc•st-pub!ic::~tion) in in JspendS"nt 
T a:=::k Force is ~:tr--a.ngBl>l ;~:li8nt ab,~;ut the thi:; : 9'.?.S foilc'#-up to the 1991 Hayes et Hi C,lvlL 

HM, -:-ar1Jnc F:E, C>~ntor f\P_ 19%. ()n the 8::;;;;·:.:>ciation bet;_,,1een canine 1Y1ali9na11t lvrnoh':,,-,-,a 2nd (i/'.-"-'POrtun1ty for expos'ure ti:1 2,4-
acid_ Environ Res 70:~1 i ~1---i:2':, 

,Ml_) .-.rract :n response. tc• ctit1,_:;is;T1s L3-ise:d regar.-:tn·::; '=j_ '-='2Sf'-CC1•1t1c.: :;tudy i:.:.:cf ca.nine n13liS1J1ant n2:t. ti-ie re.:~.u!t:::: ·:)f ::;~~versd a~c:!:·an· 

".n'°"''''"' a.re reported. The case-cc-ntn:::d study dt:-n-l':'n,;:-,t;·at5d C-:\ siQnificant ass•:.ic:ation bet-·r· ... e-~r: f. 1r •::::8.nW:t::' a~-,~ 

~~::;:::.'.~: ;~,-~,,~~)t~ ;~'.~_~Jr ~r ~~ .:~;~1~~~j1~~1;.,_~1t~.:_~-~~; l~~·r~'. ~~~~1r;1~:~ r~~~~:~t 1~~\~:; ;::~; ~~~ ,j ti f~;; ~~-~~~~~ ._)1i :.: ;~z~-~~-~ ~~'.-~t~.~ ~~;~ ~-;~;-i:~ ~;~i ~;~~ :~~~~t ~ ~-
1Je o 9~-aph:c are:'.:1. C!uestion.s r-~J.a::.sd to the potenti.~II f,)r re!erral tii~-:ts, :;u,G·po·~:ed incon::::iste,i1cies 1n rec::r: ~-'n·:;-e::; re_gar jing 
- ,Jf herbic:ide us·~. ~tnd 2rnbi9uities reg:~1rding 8:··:pc,su1·~ cici.:;s1tic.s:ition a~-,:;, ::;dc.o e\arnined 

HH, Tar·::-,ne RE, C:::antor ~c'.F', .Je:~:::=::en C'F'., f'"'icC:>_H"nin [)i1.ti, F~!d1ardsc'n RC;_ i '.j9i C:as8-<:c): ;tr•::.< study ci c:~ni:-:8 
F' ~·slti ,r~ a:::.:;: . .;::<cia.th")n 1Nith dog ov~T1~ls use C•i 2,4-<jjchkA'Ciphcn•>:~\racetic acid herbi•_-:!d8s .. J r·-4~,ti : ~c=ff1ce:· inst :~:2 _i 2:2t~; 1231 
Ab~:tr.?,c;·~-- A. hospit81-base.cl cas.s-C'Jntrc,i study of c;6rn1~1-9n16:-1 dog.5 B.''.:;irnined the risl- c,f oe,,,,,,,,-,,-,,-, ·,nr"'"'""""-
;~~1~: l~r~) ~:~i:~;~~-,;·,;~~~1 ~i~~ ~ ~:~~u ;~~ ~~!-~~ii-'.~. 1:~~ r~;~ !~~ ~n r.~'., 1~~~~ ~~'.~~~--, p res e-11t 3tu cl :11 bug 9 ~ sts th at h urn an h e:~.!th 

c:c,,,-,-,hc '"' ';::-' 0 --\ ~!S,;2 Feb 13 t~'.::-:;i.n!ne t!-"t:~-d1Jn8nt 

liettt:-:r'·? 1;1et it_] 

' in G.cJ;:J:t:on, tr-1>:'- foilov;1ing study- :;;trongi:.,t .supports 2,4-[· car·.~cinc _genic:ty tc pett in ck•sE< contact 'Nrth it; .::_::u.-~:h e.~.pc::::ure rs prov~n ,,.=, 
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! /~., ·,.r't:Lf·-k:;od Assoc 
:n :::::· 1=:·.:tti";;h T,)rriec:=; (3!h:;krnan 
L·cp2rtr;-•0nt of \/ 0t0nnaJj 
l= , __ - '' ·· ~:\/E_ T:=) d~tBPT:ine 'vVh'2t1 

C:=:3.' of the :~ladde:r in :Sc.J)tt1sh Terrier:~'. ')E.:=::·:c1N: ·::::·a::::0-')'Jntr-:ol studv. Ar·-·.Jif·.··1A.LS_ 8~3 Ssottish-rerrie:-::; 'Nith T,_=.;,~-

',:~r;~:C; );uec ,;~; ~;~;'.:~:ci1 ! 2rrie1~ 1;•~~1 1 1t~~; ~1 ~ •1!ti1re lc1t'ci •)t 11:~;:~7~~~i~~~~~,~~~lJ~~~~;~~~~':,:~~tidf ~;~~~~9 •io]sj:;,~J,[~;~J:~e!: .::,~;.:, 
,,_, ~-atrc' [tJF:], 719) ,jr !N!th he.rbic-ide::__~ 2.ic,n& f CiR. :?: .~'!. but nc't 3rnon•J ck 1g:=:: 

2/.r:,,: :_,.::_, t•-E<::1t.-:0·d ';1Vl1h in:;,~-ctic; :;,:;;:~ si•Jne i _i:Q'.i, o:)~·npac~d ..,,vitil dc1g::::~ '3.:c:pu;;ed tc. untreated ia\e.ir-::3. E><po:~:u~-,:o- tc 
i~~··."hT::. c,r herbic:i·=:e·:;: ··~·_42') \Nas ass,,)c1ste,J '#1th an inr::r2a::::e.d n::;k of tc:c:., cornp~il"8d 111}1th >?~<r=·cjs:ure to 
Ul •t:ccdec:!, !av,,1n::; er _g8n=l'3n:;:., b i.Jt e/p1)::;;Jre tJ i-~-t\i~·ns or ~1ard!2.ns t~-e-ated \!Vith r:r)nrJhenoxy herbic:1r:l·~s (°()Fl._ '.;,1ss rl<)t sign1fic:ant!_'! 
~t:~:::;.: cL1ted ';Vilt nsf: of TC;C .. ~=~C.:1 [··J·:::-CL.U8iCJf\]i=:~ ;\[\i[' 1~)L!1\~lc.~>hL REL_E\l .A f\JC,E: F:osuits ::;ugge:;t tYr~iL e:<~oc1 sure to i2,',Nn::; c'r Gardens: t1·eat,:<J 
\.f.,1!t1: hei·b1ci~lss ".1..1::£ as:s,:-:.·c:igted \ .. vith 8.n incr>:"3.s•~d n:~-k c,f T1.-=:.c; in :::::._r)ttish Terrien; Unt1~ additional studies a.re perfcn-r1e-d~to pro·"ie \~'r 

,~·:::;1use-and-efl\;cct r·e:atcJns-hip. u1/"ner::; of Sr_--;:::,tLi:~.h Terriers shou1.-j r-n:nirni:e t!-1eir 2.•:::i:::·ess tr) la',1,_n-,5 ·-:11 '~18rdens trt-:::-tt>:"d 
inde-.'< .. sd fer MEDLiNE] 

._f! 1 '.~J'?.4 /'q)t--Mav. (:,;ui\ni-~ ~Yj.f•CUC 
4-·-:ic·f-],-rmi 12nn'''"' ~1cdi,-, :~1·:::·:cL l~~:~"':l_nc:e.r Epic~E:-ffi!•)i Gic,tTi8fker:s F-T6V 

A t.:=_::tr2ct A rc.c~nt stud:,__,. b '.{ Hay ~s et ai (.J. hJ:J_tl (,qnce-r ir1::::t.. 8;3: 122f;...12:~:i, l 991) founcl an incrr::::~1secl ri::;k of rri:a.lign-a.nt iyrnphcHTTct 
asscc12tt6d with e1.posure to 2.4-,.~fr:::hlor-opho:-:·:~,---.ya0t1>:·~ '.:.'tc1d (2,.t~C·)' in pet \t,; c r:::onduct'3d a stud~/ tc, deterrn1ne the e;.:.tent t1) 

··.ii1Ti:CTi :~1b:::-::orb 2nd e.:<cret'~ 2.A-D in urine .~J_tf-,- ,:x}nta.ct ,,._,if>-. h-~at:FCJ i·:::.11t1".:-- • ·n,-jA' r~'1t' Tai .~ .. -,;1ciitcr··-- iir-·-·nnq -·14 d·::.ns tJnt_::,qti3\h· 
~<·~pose.j t·~· 2.-4-[J-trest~cl i·2·,1 • .1r1:::- ar-1 average c1f 10 ~1 :;~sc;. ',-:-:~~!i~~:K~\- '2~4~;[)'··~:~~~~t;at;-;~~~s ·~Jr~;~;- .tf~1°~n ~)r~E<lu8f ~c~ i~"J'~J . ·~ ,' 

·vve(6 found !n '.?,:_J, U'>}:; 2nd conc:Bn!rsth~ns cf·::. or:::: £:(; rnirTCJ1Jr2n1:~:,ii \•iler~ fr:.und jn 1 i' (:3&="/o! _Asnon9 15 dc1 ·~1:;:: 'Nitf-: n·~' 
4 f27C:.b) hsd e·".iidence of 2,4-[.'1 1n urinB, l 8.t a c.once.ntratic1 n of? c•r= 

'!l!·CT·-.. -rr>li'·1~:ii The c·1-1ds 1-:aJic, for-the a_::osnc1at:~·n b""t",j/,::_,e.n s;;oo::::ure to ::ii.:0:-,4-f)-tre3t&cl ia',"oJn 8!ld th8 .jetecti•Jn of> Oi::::; 50 
'"-'"'"'-'''' 2,4-[) 1n unne ',_,va.s 8 ::=i confidenr::'B 1.4-56.2_)_ [)C,lJS <:'\posed t() la\~.tns tre-at.sd v'iitl1in 7 d8)/.s: _befDre unne 

tn~. ,t,~:rj r-r1c1(e than 1 "Neek t;~~~'·: 5~=:;;_c;~~~oe:~\~~~,~1~-~~~t~~1t;~:~-~;~7 ~~1.~~~J~~'~i:~~~~~ ~~,~~~~~~;~~-1,~~~~~;~~~~::t~~
1

:~~:~;f~i'.~·C• 
:3 rn_g/I) '~vas fo1_n1(~J in do_g:::. sarnp!E:d \"iithin 2 afte1- applicsi.tion of U1:6 hsrbicid8.(A_B::=:;r-P'"A·'=~TTF~UNC:.ATE[l .AT:2FO 

.~'-1~'.-.~1 ~~ !-r~'.;~l ,~·:~~::~r··i~ . rv18.iignant ! y n1pf"10 p r~,:~~i:~~i~B f,;~;~:;s;~~,:~~1~~~~~;'.·j)~'~:~,~r~-~i~;~-i~~:~f :~:~~;;!:;~~~~~~~~~ \~~t!~:~;~~~:~t~~~~-til~ 
UtT1~&; sv,!'~ dsn T11e S1Ne.d:sh ,-.:_~ :::::;:n'':'E'r i r--cq) i""" 3. 1'inL--.--:..--.p ''f ,..., .. .o..-1c-11C' .~1--:--i·--:i on ,:io::'upations} \~/1th the 81N-2dish 

'.•-,· ..• -,·.••.n.~':_.,·. ·.·--_-:t

1

..::o.'. 1-1·\.' ,;._~~t. !1
1

;-,~._-::...~~.-:_•-. -,-_ •. ,-._',:_·,·, .. ,~1-_l·f~''-~_~;".,'.·"_ .. p,--,c._•I ' ' C;anr-::·t:r !L has bcsn u:=::ed in differ-e~-it stud1~:~; .. ~· _ -:- • ,, : , '·.· ._ . .__,. , _ ~ ~ :.•~ ._ . .• fact,Jr::; for rnal1r~1na.nt turn·=1rs. in tn1-s 
;-ni1e.!c,rr:a in o•::cupatiL!n~~: V\ith C:G1tent1(~J t"J r1h~n1:i:.-:yacetir-::· acid~: '::•r other 

a~)p!1:~~~~"~-'~;~~~~~;~~~~~~~~1~r1~~~(S~~f11~;~~12':~::~,~,·1;2~~;r ·-~i~~~~i:~1~~;jtir;~:~1'~B1orn~, 'N2~1~;~~~~~n 
,-J ~: 2 ""'i::-~:;:: fuu11d in f21T,·;er:; (nc. := for the :a.test tin1e t)fC'ric1d :~:tudied (1.·~- ~,-~ .,1,.~_·,· .• ·.+ 1-.·.'.,,.~,',:,·.~-·~-_._o_v, __ ,~-·.· l1er: 

'.,,_,,,,,-!,-,; ,,,., ,,,.,.,,,-,;.,-,,-c, 0 V\.':=1.~; stL:di-2d an in-.:xe3s,2d ri~-k (SIP,= i 1,,·,.1~£ f'-"Alnd 1n c:dn= .. ::.-nL.:irs "+ _ . c r ,~, 

;~1n 1n1~:n3as~:d SJR •)f 2. i _ Ph:,_,-:;;,«.::·ians :~)so h:~d -'3.!1 8i&'I9ted for n·12l1_gnant 
;i.:nc c-r-;-1r10 r ·-eljt1StEor :~:t;Jc_i:c:; ::;;y:-·h a::s C·EF~ iE th2-1 nc indrvicL1ai e:l<'.poSU(.:7 d:3t:~i ,~\fl diffBrent a.~1.snts a(E:- 8\/:=-til:~~l !~ 

,c;:;crcc1>1bc•c bet1,•V8en :=Jn r-::'c'~up::Jt:cn an·~] a .:;pe,::!fic rnaii9nan-r dif::E"a·:;':\ therefore, n:c:,y nc.1t be taken as e· .. 1dence that psr=~·, ,ns 
witt-11n that C;r_:-cupa.t:(in c:~re net at in•.:::reas.scj n:=:.i: tor-t!-:3.t disea;;::e. P~·.111[1 if::-.] '_~i6·15, [Pub~ . .11ed - incJe.i<ed for· iv'1EDL!f\JE] 

~ '-'f=·'= .:, ·r·c~c:::: ::_:-j. jlj <)th-er n:~:k Tactc1r::; f,:;r '01_fr ;-j;-(:is:t :~'1.rn.-=1nCJ rnen in k-1\,flla and i\iiinnBS<::ta c···anc·e::· F~-?S 50 :EfB6-'Jj 

,~.:; ~~;~;-:~;- ~ ··. S' ': :~:!,!re ~~~i '.~:'~-;~;:;~11~~,~;~r::ei ~t'.~-'~'erL;f! ·~-~t0 :~ tud1es h~t~;' ~e;~~~~~t~~t~-i(~i'.~'.~f ~~:~l:~~:;~~~~:~r-;~~;~1:~1~~~.~~~:;~;~~1i(~::~ ~ \~,~:~~:~:~t1~~~b-~1.s.:cd 
·,.,,1it;-, i~':'-uken1ia ·::i.nd !24:';. ::;;,~intrcd::; ;!-.,iing in k:-'\11.1a and r\11innescta. c·on:o:.1St'3nt 1ivith 1-ec;:,r;t 

sl~-vati()nS in risk for ail le,ukF."rnta [odds r:::;:i.tic1 (C:1R} 1.:2] 8.nd c·~1rc:·nic iytT:phocyt1c 
,o,-,m, ,,_,,-,.-,,-1 tt:' ,~1,~1nf:::-1rn1 f?'rs 111ere- 1.=ve:e nc• ~.1c_1nificar:t :=:t:::.socia.t1•.Y1~::. '•Nli:tl leuV..=crr:i:~i. fi:,>r B:<pc·sure to spec1fr:: 

.-,r r:::ro~J :ns•3Cticidss. He WP\' er, si9nificsntly e:ievatsd nsks for le1Jk<::iTiiS1 of r;;~-es.itc-'
i-~ to s1:;r:-,:1fic :;!":irn~i insecticides: 1nc!ud1n·~i the C1r~13llC:ph1Jsph:a.te::; croto::~yphos (C1 F~ ·11 1 ), 

:~!ch '~'["\/Ci.~- ~-,;::·· :-2 Ci), :O:lt!d 1'·J.tT•phur C'~_':(l :h2 n~Jjura! p~-oducl: pyr~thnrs i:.cir::-t ~~: 7) and the r:::'h!c·rinate.=l hydr-c1c2Hb(1n n·1ethO>'.~,/•:::~-i1r~f 
-=--.1 r-1-;c;;1---? , _ _,.,,.~..,,r,;o. .-),,,._. ;~.,-; ·-i:~;,\:=; :::J.:=;.soo.c:.~ted ·,·'i'Jth .:;: oo::-:u(e h> n1r::-citine- [':::'P, i ~1nd ['i[)T (C:i=~ I Thi~. find~nQ c,r 

-n;·F'rr:r~;;--1:::,l r-,.-:-r:~ [,,i",il .--.,-.,)) ,_:,·.~::, - :~1nc~r ;n fc.u.- rt•)rLJ--1srn -·ing sL~1tes Environ hcatth Persf:<8ct 1Dn::372-,:::c·1 

!: ~1:~/~:·:~:'.~' ~i:n ,·:! ~' :3rk s :~v'i in ne s , =1f~,:~·.r ~'.J;:~·:~t~~ D ;~~~ ~ t;i, ·_~;~~ 1~:1'~-: t~: 1 ~:k ',-~~~~ ~~~ ~l r1~1,~ r:~:~1~ 1~~~~1~~1: r~~~-;~~~f~J~1 ~f ~: ;i ~·, ~~11=1 i~;J~~I\=~ :~ =~~ ~~ .:~1 '~:~;~~:r: ~~ ~;,~~ '·;·,;~~;~1 !' 
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!~initC'd :3t=3IC:s. (\/ic1re th21n 9)~·b c1f ~.pring and ci1_irutTi ',A1he.•at 1:::. t1·ea.tt;d V\"itt·1 c.:l"d·Jroph;::-nr::•.>..'.y h~1-t11cidC":::., in ··.::c·ntra.2'.t t·::, tri:_;atn"i(_ont of 
,,,,-, ""~'' 3ci.;-:1c. of v~'inte:- v1•heat In ti1is :~:tudy i u:sec~ ·~vhe8t so·c:;:::t~~G as :=--i '" 1m-,-;";e 

:1-,,12:;t,,:;meci th0 a.s:~:c!c1at1on of c~1!or,-:_1 pr1er-!\~•> heri=11c:idE"::: v,,·ith cane~·:- -i :'.:!".:;(;-·~ 9~~ =:-c1:1!- se~·:·cted <:>::,u1-i-tie1:=; 

;~::r~:,:~~:- ~~r~ 1,-:,'.~~1~tiyc;~:~~:~,~~~~i:~2:J~~e~-~~~:~tD~1:r·~~;r~:'.:~'. :'.J'~~•untie~r1~3-~'.~-'.~ 1 l~j~J~=~-,~~'.~t~-J~r~~'..:~::r9~~:~-~·~~~~~~!~.,~:~~!~~:i::?:~~-:r fo!- i1-1div 1du a! 01u:1t,•G ·~ i·:: 
c~ncer::; Th'2 c·an"::er· sites that sh(i\r·.1-=:~d p1)Sit1 .. 1e trend::- of 1nc1-2asini:::1c2n-:'sr-1·n,:1~t8-lit\' ·.i-,;"'.:t-: ::.,:~·t':'·-~12.!n~~ wh2~-ir 

:~cr'2-~t9e V·.l~reo e:~.C•f)h:~'J;;1us, stOtT1ach. rer::turn, pancreas; laryn?:, f:,•rostr1t6, Lidney ~in•J 1Tl~f_'3r brain, b.-~_·n~ and 2!1 canc:>::'r'~ 
and ')i"Cll cavity and ton:;iue, es,::::-pha.gus, stotT12ch, ii·,,'er and gal! bladdet· and bile' ducts, '""~'"'ff"'''" 

Ot"_i;f:-ins. and au ·:::-ancers (V•.IC1 .n--1~n). F~sr~ ,:;_-2nc:;;:or.s ill r"nt:r: ~tn·j V1/•:1rn>:::n 2,nj ·-=:~:i.nc~~-::; anL=J \1V'2r~ :::-tudied c·orT1p:~-:inn~ 
ab<.::.•ve and belo\1V the rnedian c1t vvheat acrea~ie r,1'2.T C\::.unty_ There- "."i8S incr·c-836d rn('tt:-~!itv ·::-\;;_r1'>~-: c1fthi:: nc,se 8-ncJ 

~~"•th rnBn 8lld 1,,vcirTlen. brain ancl leukerni8. 1n bcJtt1 b1=)y::. and anlj al! '~;a;1cers i:-1 i>:~n1S. The.:;:,,::: 1·6-sults ~~:1·.~l·Je::::t an ::1ssn,,:·1atJ0'1 
ca11ser rnortalit:·l and \!i.,'heat :~cre-a~ie. 1n countiss of thes8 fo!_ff st9-tes_ [R.-:J~~renci::::::; _ ~·2f Nu;-nber· (,f F~-3f ~r~cn,~B:::: 5:~ he Y".1V•::>rd::; 

-0:1i:-'f=1lic:~1ton;. i;1tc.rr1atic·nal Archive::; rJf 1)ccupational g: En',rironrr1ental Hcs_lth 77-293 2(~, 

;~1 ~·3f~~;~~~v~~~'~'i-~~ ~v,;ih ~'.-;1'~;;1~,
1:~~~ ~1·~;~ ~~ ~.~~~~ ~~~1 :~l'~i!d9e on th8 Pi'~~~;~:~~'.:~~~~~~~. f-~~\:=~~~?~~(~~~'.;t~.i~'1·:~1~~~;:~' ~~~·/~~1,:~\i~.~~,~:=~~11~i~t b8 a:1 

n~r.:::·2.:::.-e::d n;:;\, fcH- tTlUltip!e rnye!orris. in this ~J"')Up .. A:thc11..;:;1h that f1ndin9 st2ticotically r~:e r<:"·::-;;Jlt V·i3S ba:::ed tJn 8. srn8ll 
nLHT1b~r of c-·:::.:se:::: !1)~ethods. \Pde e.:-'.panded thf; foiic·v•i-up fr(,rr1 1 ,J;u-:u21Jy tc1 ·1 . .Januar~i ad·~ie<d 1:3 ~/E-21J-s t,J th2 , ow··>H-'P 
'·J~' e ni:"\!'J reporl on the r::;2uso?s cf d>£:.:~1th of 19tj e::o.::pc=:t:2Lj wcri-:_-~r::::. F-iesult::':-. r:iur fn-1dn·::is ind:c:ate that iic;sn,-::e . .::1 :v'=-1-b1·.Jdc :::1rJ;~.iJiGaLc,r·.':. 'i've:-1.~ 

~;t :~~~ 1~~1~1~~f·~~~.r~::~:j;z·~z.~ 1~'.~ ~:~,~~1-1 ~:~1~~~~r;:~;~;;~;1Ji;~~;~1~1(l;.1~~1~ ~~,~~!~~;1~~:1~-f~ 1 ';::'.~g;;~~~:~:321'.t.;, ;;;_~~.;=~~1~;~.~.1~1~;ei~~~ ~:~~~;ii ~r~-~1 ) [~~ff; r~~';:;~:.~~ -it 
f·,iurnber c1f Reference;:; 12f<e\..-".".IOrds 

l -h~ author.3 of this un-translat':jd pap~r- con:sf.<;:;tc;'.nt1y fl:id ( ~irre!z-itr:o phen,:i:·-·:v herb1c;·ct.s.s ifi/ith can<::·-sn;-. ,,,_, 
b~ing r-t::d8.ti\rely r-ec.snt It may focus •Jn 2,4-D 

~~r-1~~~~~~~1~-i ~~ie~i~.v~~s;Jr;.t~ ~~1~cr~T~,9f ~~~;-~ 'r·~.1~11~~;~1~~~ ~:=i:3r~~-~:1,~J~1~~~1 ·~, t~~~;~!~\:~1~'.-,;:::J~~f;_,~;~jii'~,';~,f €:';;~~i~~:;~J·;-,~~;~ ~;;1~ir~~:;~~,~~1~s·~snt:~ 
klillfksn, F~egiCJn::;jukhu::::et C1ro:;;bro_ F'lvli[): '.0091 J.4:-3 [Pubiv1'3d - in;Je:,.\sd for l"1"iE[)L\h!E] 

(j-

Vi/hen adrninistered in rat,b1tt:.' drinking 1Nater-. the ~;c;d1urn .sEtlt 0f2.4-i) caused an !nc-1-t-:7.si.se. 1,-1 the nurnbcr cf ctit\_Jrn'~j.s.cjt-n~.s;, brain _c.;; I! s 
-...i!ith too matl'y' chromosomes and ceHs "Nith rnu:~ipiP ,-:r-!rDtT:'J2:c.n1e :::.ets: V_ Arancissc1 v i '.-:1~:(? 'Effe:ct of the h~'rbic:d0 Schpntsl-i(Jf:Yttt' 
(3a.lt in:'> 4-C:l Anirnal Science- 29·;:;,4-e,;1 
[
, 1\ ~ "='r-1 1:':::'.TCr1 !;J 'PCi::=-·iT['· <'E Rf=PI tLTc'/i,~I !T ·"· C::';Ff'·Jl('JT'·,-''"I rc~u~ _p_.,,__~ ,11 _,__:,, \ .. -~-'-- ,u1.~I-_ .t"I~.-- , __ ,,I. 

Bn_iscc- ,fl,; 8.aavedra ,JP, r3srcia (?i, T8·~1i1afe1Tc1 P, [iqduffsrd A!v1E, [)Uff::'.JJd R. 1997 A.pr: 2/1-di•.:::!-dc1r•.:::.phei-;C),v, /:3-1.::::e.t1c add throu~1h 
!astation ind1.1c:es ~-r~:tn::;qlio::::.is in rut brain. f'J1Ci!o::;c:ui2r g Ct1srnicsd hJeurop2thology SC-175-18':· 
A_t-'·~.t;-act: C>Jn1parison ,=:,f astro9lia! irnrTiunc)r·eactiv[y i1·: ;-r--,~:;:::encephalon .. _::·ere-beilurn, and hi}~ipc<:arripus of 25.-d- oid rs.1t ~Y-~ps e>-'.po -:8d tc• 
2,4-·:lichhJrophenor:yscetic acid (2,4-D) thrc1ugh the r11cthBr's rr1ilk was rnside using a quantitative irnrnuh,:1h1:~:tocJ1ernic~I s:-tnal~.fsis_ A_ gii~~ 
.-~8.Ction lf<i8S detectecf at the levs! of serotonf?:rgi,.::: nuclei 8.nd e<x.trBrne a2trogliosi;:::: n the hif=1 poc:~n1pus- anr:J cerebeilucn. A. quantitativc:;,-

in l:;r·e ase ·~~ ~~~~t~~;~~n~~::J~i'.~~~:~_1·;~;
1

t~1~~;~?f~~~'.! ~~·~;~~,:~f~~~~iF A_F' an,;~;f ~~~-~~;1r~1n~~=i1~;ir:~~ i:~rf~ ~~-12~~ ~~r~:~-,~:::~i ::~:;r_~;~j y :;::~1 ~~)~:.~~-1~i~: f;~~81 ~~:~=int 
:~:1~1~~:~~~~·r-;~:~~1~~~\~~~~;=·~~il~.J~;1~~~~1-:~ t~~fs~~~f~,r~;~·~-~f~; ;,:c,cJif\es ths sstr~,.~iii·3) c:ytoarchitectur0 1n 1~ c.=H"a!i~i t•:;. f:"-·p;;'vtou.:;ly de:~:cribed neuron2! 

•321rsia Ci, Taq\iaferro F, 8ortoio:::z! A-; l11iadan:::-tg?, t·}._i, Brusci:_, A_, d2 l~uti':~Jd AM:=:: Ciuffard F\ E::a:~1'./8cjr2 -JF' ~)ncn ['.~ec i1!1c,rpholo9ic·~ 
::;tucht 1::JO:",-.ht r!6Urons an cl 8-S1TO~llia! CEJ\!S on brain C;f aduit n~:-ttS pe-rinata! or to ::;:i,,:::·id 
Neu t:r)t(:_:.;;:ico!o9y 22 :7:3:3-741 
.i\bstract: 2,4-D iE a ·::=hiorophenc!.'<Yh~rbicidE-, used v1 -~-,t!d~i·n·=-iB- I/Ve hEn.r.:o .:::tudit-:,d the ,-,-,,on:rh,:1,,,,c;,.cai 
1=::t:iis 1n the r;-:esencepha!ic nuci~t of aduit rat::: tc• 2,4-D both per!n9taiiv (ciurin9 

pre.~1nanc:y,, la.:tati·Jn and after v•1E-·~·H1in9) \l•/ith qusntitat:'.,' e rnethc1,-J:::._ pre·gnant r-ats wer-e tl=' 70 :-nglk~J of ~-.~-D 
90:~,tat,-~-,n day, (c.3[)) 16t•J pc~st-natz~ d2,y, 2:3 U-1:-ou~;l1 diet _Arter p~!fY~, \J',1~rt? Ti 

~f~~~i:~~~1~:~~;e-~~l1. ~~~;~~~r~~1;~i;~~T ar~~:~&l~ .. ~-~~.~t~;~~~~-~'-~~f; ~r~:~~1ir~i~~1t~~'.;:;;~;c~s ·:;e~~-:~~:~:-~~l~~,;~~~~;nf, \;\_icrG pr-egnanGy 
and lac-tancy-, (Ti group:1 produc·f:'d sn increa.s0 1n ::;-HT neuron:~~ :~:irs:a. :J.rvj irnn·1un,=11·22r::-:ti1nty f!F;-) ;n tho?. r-nes.::-nceph·3:ic nuclei 8:ud1'~'d 
i-+:·v•.1e',it2T, \lv'ith the 'chn::Jnic=:::.t :2,4-D e;.q:,osur~ CT~ c•niy, the E·-HT no?urr:.•nd.J :3.re3 fro:·n ti-1f' dor·s:a! r·2pi1.:- nLj1::!eus (C'Rf\j) 1;v~1s: 
irP::--re8_So5d, su9gest1ng an acis;:-,tabie respr::in:=oe neurc!n:::. in rT1ed1a.n ~-aphe nuciei_i::o: •J11PJ'·J)_ The r.)f reacti·.H:r 8::'.:tr(ic·_yte·c:· 1n 
rr"i'2'SCn•:-Bphalic nur:;!e1 :~nd in hipp>.:ican1pu.S \,·i/er~ :3_).SC ·~!iffer.<?nt for the t'#1> 2,.4-[; ~-\~~-•)S;1ure d2si9ns, the 6.X,;.s-teilCE-- Cf 8-

:~'~'.~~-~t~~~C~l~~~it~~u7,~~~ ~; r~~~=111~~1:~1~~(~~~~~i,:~i1~1·~;~~1t'.~~1~~i~~~~~~ ::'.:~~J~~~:~~'.-~~~;;~r; ~=·:..-~~:r:-~)tt~c;~f=;~~~~;:·:ite r·s the 1!'.~t;,~;;c~~i:i~i:-~!~~l'~:~n~1 
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,J A.fvlA 19.36 Sep 5;256(9) ·114·1_- ! ErTatum in:* .JA~.11A 1936 C1ec :26:256(24)::3:351 i 
_A_gric:uitur::~ her'ci:cide use anij nst;: of iyTnphc1ma and soft-tissue ssircc•ma Hoar-Sf<, Bla:ir _A_, Holmes FF, Boysen(;[\ Robel P • ...I, Hoover 

F~. F r::-;:utT1t:rii JF Jr _ _ . __ 1 _ _ _ . 
A_ ~cpulat1on-t::.i2sed c:2se-c::)ntrc'i stucly ot ::;oft-tissue :::::~-Jrcorna (8T2). Hocl•;1kin's rj1sea$e (H[J), and non-Hod~Jk1n's lyrnphoma (NHL) 1n 

h.'.2nsas f.::_,und farm herbic+:le use to l::.ie assGcr~1tsd ··Nith NHL (o•jds r:3tic:. [C)R_J, 1.e; ~;is·~i c•.::inflclence interval [C:!], 0.9, 2.6). P,elative risk 
•)f ~.JHL increased signific·:~ntly- \•vith nurnb2r of d:~:.f:=; of h2tbtc1de exposure f~·er y2ar 811d 1.8i:enc:y_ Men e::-·:posed to herbicides more than 
20 clays per year had a s:>i:fold increased ri::ok of 1--.JHL (()P,, E_O; 9E/=~h (;!, I 9 "! 9.S) reiativ:e to nonfs--1nT18rE. Frequent users '.Jii'hO rnixed or 
appiiedthe herbicide:=; therns0\'.te::; l1ad an (;F: of8_0 (9::}(:, (~!. 2.'.J, 27.9) for f\JHL_ ExG~sSes \111ere assoc,iated 1Niti1 use of phe:no>'.Y8.Ceti•J 
ac·id her\)ic,id8S, specificaih.t 2,4-dichioroph<:onc-:-'.vac:etic: acid_ ~~either STS nor HD V•/as :ii.ssociated vo1ith pesticide e;-'.posure_ This study 
cr::.1nfitTns the r~port; frorn 3,Ne-d>?n ctnd se,1er"al t)S statss that NHL is associated v•lith fa:trn herbicide use, especially ~·henoxyacetic 
ac:!1js_ !t doe~: not confirrn ttre case-c:ontroi studi'2's or th•:. cohr::it1 :studies of pesticide rn:;fi.nufacturers and \/ietnarn veterans linking 
he-rbicides to s1·s or HC1. 
[THE EP,P.ATU!vl lS NCl r./iCjF;E TH.A_N A c~HAJ-JC;L-: if\! THE TITLE OF THE ivi_P-J\J RESULTS TABLE.] 

H:~-:1rdeii L :32ndstrom _A__ i 979 .Jun_ •:::::ase-controi :~tudy· sort-tissue sarcornf"-t::::. an(J expO''sure to phsnoxyacetic· aC-:ids or ch!orophenols. 
Br._i (:ancer:?9:7il-7. · 
~b.str~d: !_~ 191 '. Et nurnber of _p:~ients \iV[h soft-tissue sarcon1a~ and previou:=:_e;<pc::;u~e tc· f~heno:-'.yaootic acids \fi1:ere des~ribE::d 

;~~~d:~lfl~~,~r~~~:i1-~~=:~~(~i~~~t~!~'-;:p~~~~!'~'.;'.~~~'~:~~~~~~~:;~~~~ ~~i~~ ~v~h1~~~~~~;~=;~~::;~~~~s~+-~~~~i~;~~~~(~~;'·~,f~t~\~l~t~~~-~~~~;Jit~ t~h~~isk for 
thi:=:; type ofturnour !t V•iaS not pc,ssitile to detenriintj, ho'·Never, \iVhether the can::,inoge-n~ effect \Nas exerted t·~v these cornpounds or by 
:FTli,:'i_1nt~s s:_:ch :~1::; chk,~·:nated C_ t;.sn1odi(_;,'-'.1n::; :::;r.nd d:::-,,~:nzr_;furan:~ that in alrT1c,::;t all c:ases '-.".1erc· part of the r_::r..)rnm,;-rci:ai r:n·epa.rat1c,ns 

,J l~at! c-·=inC!.?!' in:;t 199-~I f\JO\i 21 ;f32(22):1785-6 E::.:,r::>o:=::Lffe to dio;.;:n:::. 
,_:ase-o.Jntr<J! i·.;l, H2r,~Jeii L, _Adsrni HC1 [)epattrqent cl 

Uni·1,'ersity H.:=-,spital, l)rT18:'3., s:vi.16de--r; 

~;ii_;::~,':~t~,~: ~~~;'.~:~~~~~~ ~:~~~Y=1i,~;~i:~'.c~.'.~.:;r";::~;~::=,~(~;vith -~oft tiss '~'.;~ 1~:r:'~i~'.:~~~~~Zc2'.;:i.~~r~~~,~~;;~~::;~~i~;~~ 1~~) ~~ ":.; =~:~~~/~~:~;~:r t.~i·~j~~!~~t 
;;,·~~:~~ :~-~~~~;-~t~ \,·r·=~ ~:\~~~:~;~t~if;,~;;~~ Ji'~=,~~~~,~~~~~~~~-~-~ i~::~·;~J ,:_'~)'~?,;=~'~~I-:~~:~:-~· f O( ~- ~ ~!rin•J th.~:_: ~i~;~1~:~ :~:~~~1~~t-~J t~.~i,~noxy ac~ti•=' a;jd :; 
,,,,-1-,,,y,"-'''~''''''/Cte:et1c :~-.c:G ')~t\IC; a tnreefoid increased r·i:=:J;. High-gr:ade e:>1:p'.)::;ure r...:::-, r:::J:i0rophenrJis, Vl/hich are alsc1 

,-,n"""'' '""'o,-: b'.,/ dio;.::i1 ;::;, ;~9-1 !3.:34). Tne increased risk ',Na~ thus ::::i.ttnbuterJ ti:::i c!ioxin-conta1n1n2ted 
c-1cc-n0,,:.:1cicc-t:c a·~id::; er th:~_t ·~J8_1;.:" an PJ? of 2.4:3 (95'~'~ ;~-! = 1 Pi'·1'li[1 _ 2:?:r~:7~f1 [Pub Ivied·· inde>'.ed for iv1EDLlhlE] 

·~ s: ;C~or i '.f~·B A.u~J i :to2[;~:) Y>':,2-f:_ The 8-~,sr:,ciat:er; bet"'.".1e-:.1--: :::;,~·ft ti:=;-su6 ::_:.::::~r-, ·c,,-; '8::; an _l e(<f>Y=.::ure t..::• ph8nc;<yac2t1c 8Cid:::::_ A ne'•N c~8:~;e:.-

refe1-~t1t stJcJy. Hal"d~ii L, Erik::_:::;;,_:_,n f'../1_ C·~pa.rtn1ent of I l_!nive-:c;ty Hc1SD:tai, un-1ea, Sweden 

'~:~'~;~;~:~::~~:·snt stu (Jy on ~:(J:~•~;~;~~~'r sar cr:::.rnas :~ ST~~.~·;:~~i2'~~;~~i~'.~c~.'~'.·~t~~,~~-1~~ ~ ~'r;.:~;1:~~=:-~J:~t~~jin~i:~~.~~1,;~~;;~~j :~;~ :~~~~:=~~1~;n 1.~:::,.~-~~'._~f:; 
",-,,-,,,-,,~" typ·~· ,~,f rn:~ign:~.r-;t~~~~~~s~~r-~Z:~; ussd in ord6r to ,~~,)~:~~~r~~~;:,~ii~1r~;~:~:1~1~;~)r,-~ r ~'.~~\rii~t;:~~~,t~! ~~\~:1~~~.s(~~~~~~~~i~1·:;;_)~~t~~~n~~:~~~-1 

1wrnciir"1 c·a::;t-;··re·Fercnt :.status . .A.ii an BJ vs1:'.J r·;~•-;.~~;~ .. ~-,_t-'/ the:=-: . .;; \11f8I~ -:(::l"i1pist2d C1•.f<".:·!-tfle phc1ni:': 
-::I1 ,.-, of ec;-~pOSUI"E" CJ8ta \1Vere dc1n8 In :~t c1_· Gav 8 s:1 tJ--1ree-foid -
:r::-•·2:.~::;~(-J r1:~:k for STS. th'2reby '"'''''ii,-n-'""' v1.1h".;-r~::a::; ;::;_·~·:;:<·Stffc:- t-:) :_:·hl,on:_;~,hen·:::.!s 'N';_-!S~ not 8.:;::;.:•C'i~~ted \Nith STS in this 

Plv1l[' :?:::·';-08UO [PU\)!V1>:"d - !ndexe-:-J f._:;r iv1EC·U~·.JE] 

1 ;EJ1 _Aus~ i ::~>~:f~~-a 
[F'ublvh=· d - in de 1.:::d fc·r /vi EDLW~E] 

1B'.;L7e. ikc1;,nrcc••m '-''"' ,,,, ,,,-, ' :~::;_ncl e,-,:p1)::;,_ r~ t•-· 
:~_._:;·ids. :a. s:a.ss-cc·ntn.-:il stud~.; Hard.sii L, t=rik.";S: :::·n M, !_e(1n8r- P_ L:Jnd9r1~n E 

iyr,-:pho::::a of the t:.rpe and sc.1cJs or- <::f1,lc;11)phenoi.s v~·ere 
·,; r:: J :~r ;1j t"S peitt'="'-~ in i ;~~79_ A rn::::1tch8d ,·,c11 e-crc1 :-;t1ci ·::.;:L;,jy h:::=ts tht'C''':.fr_'•ie b""'7'' ,-,~1fr,1m~d '•.lv[h ,::o_-i_s2s •:,f iTE:l.ii_qnant lyrnpf-1orna 

-:.'c;::tr,-_,d:=;_ The result::; indi•~;ate that e.\pos:_ff,~ ,:iiscase anc:i nc1n-Hod:Jf;1n iyrnph(•r.-ia) lh1s
::::1dds, chk,~-c1 ph8nol;::::. and or~1anic SC'i\h':;nt::_:. rr1:~1:;,.. :=} c:~1usati 11e fa.ct,_'•r tn ""'''''''"'""' iy·(nphon 1a_ (:on1bined e.c,;p.Jsure ,:,f the:~ . .=. 

j i<:'Tr-i1G:~1!s :::>:<er-nsr::l t(, 1n,~r"B8.:Se the r!::;k, E."-P<~ :;1_ffr;, t<:• ··..c::c-;_r:ou:::. •)tf-·e·· ::ot9ent:::. 'P/8.S di7i'Bfeilt in ._:,s::,r~<:::: 91:d in cc•ntrol::::_ ~·fvliD 

74I:~(,~· ~~ [F-'ubiv1ecl ~ in•ji-::~/~d fc'I' fv1EDL!NE] 

i 979 ·~'ict Ji :7~:-( 4!1) '.3872-5 [t=-: a;:;;:;- ,::·r> n-,~,1 :::tud\•' of m:c<rccr.c, ·~:oft ti:::.sue 1lliT1or.'; F"ld 6:">posure t~, 
SU(1stc,11oes! [_Artici6 :n S\;\.'8disnj Eriks:.St:'Ti r\,'1, H:;:i_rdell L. Ci_ F·rv1!D 5~~'j:?.3U [F'ubl\k:cd - indo2xec1 fc,r· 

,' :;~·:o\,'111:c::._:::. 1\·-1, k<aupf~'inenT, """,/]nJ-.;eitT1ann R. 88ch;::,ri t -::t.=.::=i =-H 

1-19.-:· E, 1\'i.~,rk;\''i C·A, ,ri.fr_::;_the:;1/:::: .. _ID, r1J&ub0r,:1er 
H~., »::c,,qqon [1, r?,:-eee·n i_. Jc.hn:::.on E, LittcJr:n \.'1, 

,q__ l'.?'~.-6-S1)fttissu6 :;:z-;rcon·1a a.nd nc1,n-f1,-,,Jnlc:1', 
:yn-1pr·1·)rn,~1 in V•iCf~;er"s e:-·.pcsed ~:) '~-h!c,roph,?n\:·ls, .::.lr:d ,jj,_:;:.;w:.s-
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A_bstra•:;t. \Ne. 13xarnine·:::~ til'2 effe,::t c1f e:,;po.;:_:1_ff0 1·:::- r:'h'='1··. :;--~·,::;_;;::, ;~~esent in thB Dt cnJuctJ01-1 21rid spr2iyu1g of pheno;,.·, ~.J herbi :::;td'2·::; ·.J:
•:;hio1·ophcri;JI:~: 1n tv1i1'.) ne.:;t~1=l r.~a::;::~-·:::'::ritrrJI .:::tu·~fr.=:::~, of ::;:,.-)IL ;:1.:;.~.u·~; sarc:or-:-:~ ~nd n~J:1-f-Jt:_,1Jgkin':2. l:::nph,JrY1:::'- EiC:':\/ en :::~::'.ff·=x,rrr.:1_ z-:.nd ::2 
i \ 1 ,-nr-,r-ir-,rT•r-~ r·a·:--.:o·::; \i'u'it~-nn d.n :nt>?rn::·rnc1~:~ti c-~-,\ 1-s: '=" ,.t•.1>:-r'2 rnatr:J:r::-d for· :~~9f, se>·:, 2Dd c:e<untry of r•:.;:::1den1:·t; ..,;,/[1'1 5~, :::_-:tnd ·1 :':f_; 

:;'"~}nt;-~:):~;, '~:~;·P;~;.tive!y·_ E::~p·~·S'.f2S LC, QI ,::he-r-nicai~~ r~·r· :t1i.:--tlffr~·::: . ..,,',.'':?I'"" ~:;tirnat~d by thi8<; indus:.tn2i ;i·J~~-~ i)::-1d r,~, th>:C--
:;:ubject'<:;: ca.:::>2-controi :;::t:~_tJ::;_ E:.::c;:-..:;::: nsr c:if :'O.CJft 1-:IS:~,l .. i"" .::.a1c·orr1a V\::;:;:;:, ss:~:._::c~1atPd \;'!/!th e::>'.f=-11'.:,•.~:ure t') ::::ir:y 
( C;R;! = ! iJ :3; :~6c:,;::, cr:\nfiden,-:;~ intt;:r1,-a! : ,~·if th-'? thr-ee ~-naj·.)r clas ·s8~ cf :,c,-h,,-,,,-1e c 
dic:f-iic1r-c\;:;f1eno;.;yacetic acicl, .:ic!d and 4-,::::hi 1 )rn-~~'-rn0thyipr1Bn·:::i:>'.y2cet1c 

~~; ~=;,-~.,.:~ ~~~· ~'.1! ~ t' :~::~:~ ,; %~ ~~1J 
1

:\'.1~:-1=e'::;~'.: 1 -~\ ~, ~'.~ t,:, 1-2 \f•l ill ~'1~~ :·:al -~- 7
' ~:~ ~:~~~~~

1

; 11~c~:~Jt~~111:~.~i~:~ 
1
f ;~ f~;~; i ~: ~;;iir~-~~. ~: g~; i~:;; .I~·/ n1 pf-~~.::):-~~ a 

:J.s:::.r:-'ciat\on:::. \Mere g13r·,,:.r-:::->Jly ·~vea.ker u-ian t~-,._::.,;:;~ f·-Y..J!-1d ,~-; ~h': stu,.::!'.\" on san_--,:in1a. Th6::::f3 fir1dinci:~. indi· :=:tte that '·No:1-;'5r:::: '3'·' '· 1
:.
1::>::,j tc, 

p!lerK,,«:y heitJi·jde::; and th•:-:1,r· c,~1ntarnin:J:.nt; a:-~ 212 nsk of s1:::,ftti::::.::;ue :~::::,Jc1:::1 r-r1a_ 1e~./1,r·.Jords. 

' L:~ncet. ·19';!~i •)ct :~·G;3'.:;8(8774)_i 1~::2}-:3:,~ c:·c·rnrr.s:·:t 1r "Lancst 10~n f\J...-_,-,,,. '?IJ::38:~\t:77-~!):i:J9.~'-:-3 
(;anc:er r11c1tta.ilty in 'l•Vot'Lcr-:::: e:<.;-.,~,S'3C to ns-ri::nc1d~::::. and cf1broohe;11:jl:::: i 

3 ~1Ja·:::~C'! F',, v:c,.}BVlnas f·,,\ 8·'::;t1'~i:?Zi p /\, Bu\:<l"1(1 .j,:" [H r .. ·.·,.-100'"1 1·1 1;rf·er1 LJ;'] k' 2l.Li")r1in,~·n '1 l _',Li, bbfe f )',, Litt'.- n;-~ )·,.'1, !_y~1·~1e ~' ·:'t 'O;;i 

i_jn!t ._Jf J\naiytic:::·a! Et:::·idernioi ·>;:·"'. int8rna1Jonai t:.o:;:;~r ." y f- - '~:t=>··:::-~-::i-;-~.~:~-)n' ~~~~~n·~"o,; L_ \···,J;-: ~ .. ~;! .. :."' '-·· . 
l=p1derr'.'.'.~;;~;1~~~'.,,~~~;;s :1ave ret:;e~~;';~~~;~,'~~'.:~~,~~i.'.,~~l:'~','i~i'..1,:;~;t;;;;{e':~~;\~::111;,~~t~,;f''":'.;~':'~ ly1nph0m2c, 1n 

VI/ e n~p:)tt :1er·t: ::_::;_ h\stcinc~::;;_i ·::c-h::irt in an int'3rT1a!ion::::1J r-sQ:str:::r bf pPJduction '1Nurk:t:>=: t:. lA' ::::~·ray~T;;, fri-:_cr~ 
tsn c·ountries. E/l.~1o::;Lne \•i.12.S ro?constructi::;d thrciU:.Jh qu~::-TI·:•nnaires, f2•::t1)t--·,/ ci1· t::~·r:~1:,.•1n9! r·ec1=.,:;::!s, and hi:;tr:-•n~:-~: (_;8_US1~-::;pe-c~1fi,~ 
nat:Crn:-;1! d€:8-th r:~-;:t8:3 \ 11/F)i~ USBd 8f; P?fS-rBnC:e_ [·-j,~; 8:Y/}~:'·::, ~; ',, ;8_:'; Ct 1 ,:::.er-·',/8..:::J irl :;di-08U::0~6 n·1otit8_i1t\' f•)f" 8.i! nec1Di8·;n1S_ fC11· fr11:' !f!'=.•St r):)fTliT!•:Jri 

ep:th'3i:sd c:=-'tn~::2rs, or fr)~· µ, 1·;,~T1-::.ignif1c=an~ t'·.N-.:•-'f;)ij 2-XC-2S:':: n:~:k,! t,:.~3-Sto,:i ,:_,n 4 c.bS:.2!"'-Jc?:d i)C":~_th0, \1\!:?.s not.::·d f.·--~· 

~·:;~,~~~~~·~s~~:i-~~~'.~~3,;vith a stsnd=:~~~~=~ rnott:~!ity :-~2i;~·~i' __ ;:~,~·~~r:~ff;_\c~~~~1 ~1~:~~ ~~:;~~·;;~~;.-1~;;~c1~~J;: ~;:~i~r~::·;:~~-;~ v~hoi~ thi.~. 'v:~~~:J'~~I-~:~'.~~~~;:':/ a:·. 
'Jnd, f,:.r th~ :;;0tT1e tirne period, t.1:::. 9_ rnne-tr:.id >:-Yet:---=·".::· ::;pray01-:; ( ~;r·,~F~ = ~==-:~=:-;2 !I :=:-:2-~57~!])_ f'.=~1::::L:s appeared t':' ;:-_,e- inc:-e-a::;>jd for 
,~a_n,.:>31T. c,f tht· t6Strcle, thyr,:_,:,-:l 1 (/JV=2-1- ~ndc·cnn•3 gi·~nds. nose and na_~:ai c:~rJitv, bas~d or-, sn1a!! nuiT:ber:s \)f d.:<stt 1.:.c: The e>-'. 1.:es~- •:·f 
:3oft-ti::-::sue s:3JCC;!T1a::::; arnon~J s;::;r-ay,;e1T is c:r)r npatibi~ \'"i:tt1 a ·:au:;; al r-c!e- ;)f ct-11,:;: ':;p.fi0t'ro:.,,;:{ h~tt-·:·:-:ides but tho c;.;ce~.:~~ do•::<s not ::;.eern t,) o-:. 

c~~~~:;!~:'nC~,~~~~t'.:d,;;:~~',;~;';~~~~'~;:~:~,~~,:~~',''~~~::i'v'~~ii~,1~~;~~,~y[;~b~'.,f~d -1n1je+d for iviEDUNEJ 

~if :i~~t,i:~t~;;.~:;:i?!f~;~.·;:;~t11i~~£04~~.!~~¥ifr~~~~:~~~i~i~:;7~;:~, 
I 

NEGATIVE RE!'.:uL_TSli\JHL Ai'iD AE;fP,rY:YT•,)'v!A I 

Bond c3C:J, V\/etterstrr:::,en1 NH, Roush c~._I, ~"··1cLaren 'E (~nok F:P, j<:fJH FF·i-) 1---~u:==;i=, ·::-p.'O·f::Ti·-· rnort·'.;li~·,i :3tT1C1n;; Fjn:plo~/e~s 

8,~,~~IC~'~ ~~:~~;:L~~~~~ii~~il;ff ~',~g~:~~~-;C;'il c;i~~~i~~r':,~,:i,:!f '~t~'~!(;!~j~~~;~~ ~tt~~~:''~;~~~;j;1fr::;j,;,~;~;~;i~J~~~r ,1,4-

2~:~:~~~:1,~J:i:;:z~!~;~~:'~'I'if ,~~~~:~;,'.::~;~=~:~~~{~~~,:'i~:~:'~'~:;,:~~;':'~~ ~::::1~~~~~~:~":,-a!tl '"''~!,~:!'~:,; ',,,~:,~~;,~~i~ ~~~1~,'c, , , 
~~.'~~.~~.~·~~~~~ ri;':~:.i~~r~;~~r~);~~~~~;.;p,)sure, ~-~;f~~~~~~r~~:-~~:~~~~s=i"~1~~~:~;~r~:~\=~ri10 1~:1~~·~~~~;1;~~~-:;:;~~;-~:~~ ~~:~~'.;~~~,~~ bet1,e,1e!~1 ~'.~~i~: 
e>~posu1-~ and any other patt1c:ui·~r c'.a_u:;;.e i:)f cleath I 

N~·3_A.Ti\/f: RESULTS/NHL i 

, , I - , -- -
Bk,ernen LJ !'./1andel ·,_1~;. Bc,nd P·::.ol!ock _A.F, \/itek ;:,~P. C-c<.,k RF~ 199~: C:-'e(; p,_n ur\ 1:::::a~e ot r-nc,rLa!ity arnc•r:g ch8i 1-1ic::::-t! ···v·=·rker-:::: 

J;<yace-tc 21cid and !ts dsrivativ~:s ._I r_-_lr::::cu_;~ 1~::~,f~c~-;~'.~:-)~;~;~:~:~~;7'~1 c:her-nic:al WC;rkeor:=:. 

=~=:.~.t~ .. ~~~e p ,:,te~~:i;: ~'~\~:~:;~'.l"~~~ 2i~~;~~~~1~;r_:~-;;;~~
1

r~~ ~~::~;~~~~ ~·:~~~~·~~~~ [~-~,~~~Tt~ ;~;!:~, ~~\~:-~\~.i~.-~~{.ov ~8t": -1 945 and l ;_~,~~ CJb .::;arved 

1_,-,·a:::: 1~or-r1p8red v1.:!th c:::·{~=·ec::ted levei~ l~~::::_::::2ci c)n '-~i6ath ratf.:::, of th8 U3 r::.opulat!<.:"l~n and (•f3'~·,ff:c; 
-2·r1'2 ..-,1~,;it1;,-'jcr11.1r.11==' iu~~t··~1 _f~or1-H1.dJk1•1~ 11rrqrt'._'._~·! ·~· J'lL_::' •ftZ.--:_ 3-f~~~tK'_la.1 +-,1-w~ ,jft11c _1 J11 -~ "-,3_=._:_ assoc1at11)n 
v~ 1tl-1 ~ Ll-l1 e\~1n,;;u: e w ,:> 'rr 1,_. 1_':;:_ ::r -C'~it 1tr r ii st1 •u1e::_ • . i J ,"---' rrJ~d1 L Jb ::.f:'f\, cill 1r 1 ~·'='r 11' J r 161 :;t::;1no?;'1~~L f-' l tr 11 '""·~_111~ r2ltios kir all ,~a_Jse:;:, ~~nr=i 

~::;~~~;,7~~~~~~~~~.:~:::~£~~Ji:~:fr~~:1:::::r~:~~~;~~r;"ff ;/~£J:~~::~r::~;::~~=Jr;;~:E, 
I 
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anci r;-1ortalitv fc,r· tfds c~=-tuse sh•_J\·1.15d a r-:C!l':::.tat:sti·.:::-ali ·,,1 ,,;,-,,-,;f>"'n' e.i.::ce::.=::=; ( ::::t:=;.ndarcJ1zed (3.tJi:." ! ')6; ';f;,o,_.;) i::-:onfidence 
1nt~.:i-1va: :;:: .. 4 ~o 708) f(,, ttv:: totai ob::;"":"n12tion · Jn are2, and t·y t•,,i1/•~· .-Jiffen:.·nt rne3-SLire:::; of e.;.:.posurB, C•)rnt.::·.ir1e 
\h'itf·· I 1·.-''-' different ctppro:~1c:he::; tc· gr;cci1_nt for 

.4-i', ,----its (je~-i\t::~rtr',_fes and sr:~,.: patticul8r caus2 

t•) tJ:,~ h,:..rbicicle 2.4-
'"'-,-,-,,;-,.-,,,c. r-1as b'3en ckd)at.~d f•:;r n or-·-

1t; frcrn 1945 t1=:1 1he 8nd of i S(,tj_ Their m:::rtal1ty ,.:.;-,penpnce \n/::t:::; u,'-,-"'"'F' :-1:?Iicn::;;.:.j rates 2nd 1N1th tT:ore than 40 CCiC 1':-1ther 
P.esults...:3:3·~1 [:e~:th:~. '·'\"~~-r-'2' c>b~:'?:f1_.•e.J if",i 7 cc,rnpE1red ',;vith 2f5 

,-,,-,,w,"Hi w::±i th.:; United St~Ie::: rates. the :::=:fvH~; fer- non-Hodg!-:1n's 
TI:c ir:tr::ornai cc,rnpa.ns':'n · ..iith ether C\y.,1,,, shtY•!i!tod a :-1,~,n-si,~;nifica.nt re!:~1ti·,"·-;=, 

\.ic/ith th'~ 1:-th·2r Gcirfl)JflllY u-1e ,-~::~tt!\ct- r"i:=); V•/8-S C-! I_ 10 to 41 !I::. Th;~ C8_.~:es V1/'C:;r•:::· in the iT1anufal"tUr~ .- .. 
f,-=·r~T~UiE~:on of 2,4-D at '-~~iffe.r-('::.1-1t ( i '.~14 7-'~l. 19f,:_)-1, 3nd and for \,':=:try·;nq dur:::it1ons of nrn6' ('1 ;~:. anci 12,5 y e21r:::; ~ 
i =·t~·n1_:;,u~t·Jn ! net\'.";: 11Va:=; no e·\iiOen·:~ ~:·f a c::::tus;::-ti :J_s;:;nr-:-::ati(Jn bet1.e_.'c.8n e;-;p(;::;ur,a tc 2,4 ·D aP 1=i rnoitaii!:y due tc sll c:_:;_u:~:es and tc·tai 
,·na!i.;;n::.1nt n&Gf=·!::.-::;.srns_ f\Jo Ei 1~1nific·ant risk due to l·JHL ,,_,vs.s found_ Al:hcu,}h ncJt Zin 1niri'al t-1ypc,the:::.i2, ~ti-; inc:re22e·j. relative risk uf Ai_S 

".1v\-:,-- ·,,.i,1er-p ernf:,•lo:ver.::! in a~incultur-7 •:::<r fo(estr~l a_,:;t::c)rd1n9 t•;;1 a n~;;t1onai c·~nsu:::= in ic,rt ·.,n,'ss futth~r div;d•::'d into si:"'. 
:~ubcc1h1=.,rts, Cr! ~iSSurned tc: pt1enOF~}/ ;-::,r-:-i·-J r-1erb1cides The ((l\~~-::r ,_:;-,=.,rnrri\.A1iV Ll~6d phE-no;.;y :=:tck:J in ;3'1,"'l'r;:,,j;:on '1'/8.S (4-chioro-·2~ 
!TH:'thyipfleno:·-'.y~tacetir.:; :~c1d 94-74-f~·) The 1-':'fcn::T1 1.::::e C'.0!1c.rt ,!25,84f. :==-:' •. n ... 2ci:sh rnen '3rnpio_1/t.-(l in other indu::;rrit<: 
A ii ~y=;r::::•_)n:::: vv8rr::c foi!.-y,,ved up in the cHrir-:::et-· 1?nvirc,rwnent diJnn~J peno•J .. : 96i ~ /9_ A tot::1! of :3:31 c:~1::;e:~; of soft tissue sa.rcc,rnas 
,,,..1'.2~ ;-::1 b::;21~·,,'cd 1n thB c:ohort :and the~·s ·,/i/er2 1.!'.:{18 Cdses i.n the rE-fs:enc;:: (red~:!fi\.ce t-isk :-: 9: .9:.:=:~=· Gcinficlence intec··,1:2.I, 
0.:-::'-·i C1

]. i'·-lo :;;ubc::·ohort ·-=·f a~:ric-uiturai 111cr~:~ssd P,F~. i1C;;~ ·.;~·:~t::=: tf-1,:::r2 s:i9nif1csr:t 
ciiffe-re-r-·c~ :n F{R bS<t·1v00r: th'=- subr::;,)hort::;_ Dt::0~:pite the use ~f :~~c:id lv:;,r-\::;.ic de::; fr1=•rn i '?--4 t•:::i) 970. n·.:1 tirne-
~-.;;]g_t::i,1_-:! inc:-s8::.e in th,".; F;F; c:f s·::--,ft t1:::-su2 s:~J-,:;,::<na ..,,,,.,a::; found in th,:· tot:~! c,_-:;f)e;,·--c ~, .. 1n any- •:)f the- suL<''), 1eirt::::: 

:.t:·,:::.!L=.'1·-~t: .A,::-·ti·., :=:..ted c~i"·.J-r-sc; aiiek-'c:::. i 1a..,1e been d-:,t0ch::d in h1_1rnan l\irnpt1orna s~>'jcirrieris_ The- a.wn )f the prs~.ent :;tudy W8S tc, 1jete-rmin10 
-che:· C1f C>·N-ras :-nutat!o;-1~1 act!v81:ion in i:;anir;e rn'3ii•;ir13ilt lyrT1phorn2_ Di'·;,.'>, isol:~'1l:e 1-:i from~(: r::-·an!ne rr::~1l!Qnant lyrr1phorna 
·~ ,_,,. , .,; 'r'·.,2n::; ,~>~di>?cted fr,~,n; 2r; S'3f)8.rate "jc·;_;;r; :~_nd e .'·:arrfr;.=;c3 f . .J;- .::;~1\J-ra:s lflLit:.::-,~tc11s b 'J 1::;h.~1!n ~\3a.c:t1c•,1 2rnofrf,•c:od::i•_Jn and d1;·.::'ct 

-=n-.-, 8 ,jr)q.:; 1Nith fl1~J kno'1Vn C?,f-"-),Ci!J!ct1::. u-,~ h~·r~:.i1i::::11·:!c) An z-v::-:ti;._ratin~1 tTiUtabr~;[l \'\!-?,,::; 

The- ,..nut2"!'Uc::.•n '<Vas ::=t tc8_n::;:ti;~in th:~tl 'V°'/':,uid result in :::;; giy, cine?--·::•u;-;.' -1 de ·~J 'J;-'itf-:uur knc)',Nn 
tr~)-:3SD.::1it8.tt- arnino ac:1d ::::ubstitut:on 
'.W<:c,~-,-;,n ~'n in ,j,:19s \Viti1 rr,ct!i~Jr•8-nt !'. . .1~T:p~-1otll~- 2nd that thsr'? n•=:1 ~J.E:~ ->=-~~it:on oe''A"'0e,r1 
-~!;_";(~ 

:_~1:~_'.it:tz:-:;:f ~;_, Fr2sciutt:ni ,S, [)~_1raJe 1c;. f_Ub'.=-t:::. 1~, 

;:-, ill'justn2I 2ress, ~1nd u~.2 of chei"(:ic:~~is 
A~- ;~,tn::1'-i:: _A c::~1:::.S:-Gont·oi stucJ\r "·'':'2S c21rric:<l out to d1.::,tc:Tnin6 'n\lh~thGr rosid'3·ntiai '' '!'l'c'-" c 

', I'- -_-::: 8 F '.'~-S·v 

._., • · ~ ---! 1 ~.6) A'"'"'"'''""" i<YHer \1slue 0fth<:" n·:e:_1.n :_:_:,_pr =li.:_. 
' :•;:n The .~;:_;(. 1 cf ::_:i_ii oth<3r dOGS +/- 0_..+ v-ears, n::::: :~:13 \tE:rS,.iS 7 

':i·;,:=il ~·::;o:r,::, :~1,j pestcidc :J:~.:; '·i'. ere eithc;r r-1;:;t :=:-:<SE'=11::'t:::1t2rj ' ... v[h tr1~:; 1:J1s.::<::1ss 
;-~ ~;·,. L·(:' '._·_c,11::01dt:•1·e,j :J_ ssr1t1nel 1)f 0c,,to:'."-ntz..ihf \?..,za;-d.::::,us s1tucitions for t·iurr:.;1J 
:::-.. !-,,-i (Jj:';S-:~-·~>-'- ·~dis.st. [F:ef-?T8rlC'=c::;: 2?1 r···.Jurnbsr of F~ef.:;r·ences ~~7 

~nvir 1:Jnrnent:i.i poi!utant:::: increase·~l nsk f:ir 
;fnTner_i dia9nc:;;Bd at a 

'~·C,i:tr.-~·!S '•A''3!"'3 C•tta1necl b\' r.::·h'JOSlng 
cif residence-, :?.C:::F~·, ::;~>'. and breed 

,:,.,,vner-:::., an~~ tres:itlnent 'Nit!": 
~,ie; ,_::/-ir)iCr".' c:u.c0t!onn8lle 

r.::~:iden•~:v in industria! Ctre2s 
._=..;- sc,h/ents- (r')F'. = 

c,f ,j,)Q'.". st risk in c;c_,r-np~!ri2or! 

vv e ~ ''i~~;~:~~:;:.~i,:~~~ ~r~~~:;~~:r,, 

\/ c:t~rinary g Hurn8n 

:~tnd :nte-tpret8tiern of results in .s ca.se-
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,:··~!n~t-c1! ·:::tJCiy- 1n v sstigat1ng th'':' re!:a_fr:::: 1nshif:.. ~-~1 '2L•.=Vt'7E:r: C8'-i::-i':- :~~-rd thB use of 2, ~1-D h6i-!J1.-::-:1d:-~ --:-u :=:1ddres.:;:, 
-,ne-er:1s. 3 re .. ~n:a.iysis \A'f"i.S dc•ne I·:• ~_-.:::::¥r-iinr: _2_.:;-=:, us>:' 2Ti'-:i n_:~ :~1.:;i::;<')GiaH::::;n ·,1vitf: 1't(vil Thi~. c3s~-c1::::•nt1-ol :~udv r>?-~nal\rze,j thc_~ 

'
, .:_,, r f,'_:.,:;_

1
-·
1 

~.-' :~,-~_·.·-~ .. "'-,·_:_:,•_· :,c.,,,-.,_.: ',"_:_~ t-, ~ ,_j ·::i r21\,',;,-.• ',·ts,~11: 1; 1,:,~ la,.J:·,e
1
. -~J-_11. -,-~-1 f·-~ .• n11 

iT,:_:1,·."_--'.'irl~,-:?, -
1
," c~·:-.-- :-.,-.\_t_=,:,'.:_' .• ~,1 ~:1',· 1.-.'_·. :~,:.,-','----~:i~,·~~':', , :

1
1.
1
·J,)-n :_'.~1J1 .. _' __ :"_. -,,-_:

1
. 
0
._·J 'c·'.-' ..• -_. , ... _· .. d1-::is~-~-.:..r:f_1ons::s 8rrd!:ir"Sis '·l1nt'n tr1s r.::~definfJ e>q~_,o·;;_ur'7 ,:::·:1:c:1 __,_ , ~ . L L ,~ c _, ,._ __ =-- ·- u ~ ..... _ ,. ~ -

:~-tr1,:i !t-1211:f-10•-,3_ IJ•/BrE< nJ. :sig1=1ificarit diff•.'-"ren,~e; b>.:-.t•N'2·~n ssparatc:;d -3,r;r:i 

~:,, -<>i2d C\)ntroi ,;~r oups. l-!r:<v 1ieV\~r. 1i,_,'e did n 1-=-1t ,):Jnf1nTi :,::i 1-.-:::at!,:ins~·np bet'"\-,'2::en :2, 4-L.' u:s8 :3nd (_:r\,1L_ A dd1tiona!iy. th~ 
.-~-,·.>:::·u;Tence .:,;f C f',1'1L 1A1a:s not found si·;1nific:~-tntiy a:~.s·.:=crat00 ··;\.·1th th~- us Ee =)f 2,4-L; (?,efer;_:;,fic.::~s · 4] Nur·nt=,~r- C-'f F\ef6r-e.nc~e:s 4 

Ci'Bnen [\_I, h.:8.neene ,_18, Ge.tis A, d tlV\1; SV•/3.il:':-•J!-1 .::=:,r • .1i, L1:<ade.r- F\\N 20((J r··.J.:_1\.' "i 13 f~:r-~a.TI8.! and ten1pcjrai c·~)!°Tl[1ar:::::c•!l of SS'ie·:::'ted 
,-,,-,,-1-i·~c w- ,-1(--•r· 8-tltj r'urn,--::.r1c:: i·11c'!-11o"'l uEa, i~(4-·°1'.'.!?4_ F'r•CO\' '·l""'i-ii'i2(' ,_:;_--:o jGi·-ii-is I 

A't;:~:l-~~.~~:- :~j~~·~:i~~- \1,,·~~·t~ i~~-.;·st;qar~:tl~~,' r::t>:>·:! ll!T1'3 d;st;'.ib·~t-r.~;n::; .. ,=:<~.";;r~.s ·b1,)i,~g1cs.1i!y ~.in·1il:o:1r r-:~c,p!:~;rr:::; :n a~d i-1un·1,::11·,~. 
in lv!id11Q2;n, USA, b6tV•.10.::~n- ~ '.]>34 t)ur ,-:_,::']':O'::-.:ff,/2 v,1:~1:~: to Cis:::;c:ri~=·~' '""n,----1 ,-·n,,.ljp·-:-trA th""- ·-··1t1:--·r•1-~- ,-,-" , . ..,,1-""'r ;.-. two s~"'"'=-'iE--~ 

\Nt .. 1ii,::, - the: ~:trength 2nd depe:ndcjn 1:::B .-·:--iftf-:,~,:;:t=: i:•8_tt:::;rn:::. ir~ tt-,,~o '°-' ___ , ~·-'1;_r,l·-~~1:::t'.·.,·.~_1:;,,_,-'_f;)·~ .. :~~0~-J, "' --·. --""'' '~-- ;i, c:_1nfinT1t;'c,-J 
1~·1·::i•-=-1e-;·1t hurnan and r:::·z-;.nine- ,~ance.- ca.~ . ..:;~. \Vel-S' r·naf:•l=-1E"od, and :::::0C- 1)nc,i- 1-=:,1-c•E-1-

1 
,~ .~ :::::1 1:,nai nea.;~:~.-:-

1,;.;:,r1t:.c'r terTlp•.)r8-i a_na.ly :;::!:;; \i•.1-&re '.:::·~ .~1dcfr.,::sSE:S an=i ,-,f t·1,-•·=-'[1it~i i11,-·if wL .. ,--j in rh;:.:. 

'1;' ere a.Ii 5:·'.:'!~: 1n c:id ~ nt ca:s es of :·in-1 a~-:": s. d0 n ,:.-~:s:.; ;J r •. '-·.-~._--'.·,~-· •. 1 ~-.-: ·., ,, ',-'~,'-,~31 ~a,',1 '.~--~~,~,-,,.-,1~.---_-·,·~._~~,:-.·-=-,. ~-', ~.·.·,r.~'-·i·n·rl-~,-,i-~1 .~;. ~.·,:,,}~.-c-,-~_·,· .. a1 
',·~-'.~_:~,-~_ •. ~,--',~,._:;.:,~,-~,, .. _-__ ,_ -, o __ -,., .. -_i .o_· 

'.c~te:-nnar:", teaching hospital bt::twe~r: 1 ~ e:,H_. =~ ~ _ __ , . -- r• , ,_, 

::;tr.~.til1':'.'d randcrY1 ~::~u-rip!P of 913 1ne1dent hurnan 1-::::::i.::;_::':'°':':: canc.er·s di2gnos'2~ du1ln9 tho::" satr1t:: tir-r1e pe,ri•)d fror-n the :=:::arnt--
countie::;. F~t.;suit:~: s1_;_gqesttt-1at r:..r-oct?s::oes :;::~:-,<:D2: :J_~ir~ire9~i:t1c,r: cf c-"o:-:tse::; in d(("nJ::: snr:J :·!UiT•2n:~: \.M-'?ie n1)t 1rFJt:;.psn,jent eif ;;:~~r~n 

;111 ::~ 11 !. ,ij~' I 'J;:~~Ff i~f~,:~~~l:,~~i~~~!;7:l~T; ~~~i';f~~~I ~,'~'~,;';1~E\':~E,~:~~'.i~'::~=~·!:~,;~4=~~~£~~'~{;~~,:,: ~; ~~',;,·~~~! ~~,l~S~;"~·'.i )"'~ 
i 

(M :•s1~ ;~~~'1i~~;:~~~:f ~fi:~!1~~i;-,~~~s ~~s~'.jf=~~;-~~1 g~~=~~~~~;~-~~~~~~;-i1~.j:~~~;~~;~~=i'.~r~~;~ r~~~~~~~~-11~- '.~1:~1 ~'!;c~c~1 d~7:~: 1 ;~~~~-~.~;~r~1uts~ )niG1t:~~~1~~~=~i-cy ci ~'· 
e::;1:•fci8.liy !i:;a_d:::. t>:::i GElllGt-r. ~;i.s bou-1 canc,er G.t:d ::.-:,n•~ d:sruption 1r10,,..;:ihie un,~~ot1tt\)iiecJ ce!: :-ep!1c2tion 

The \i•.18ilJ_~.ht (;f the ~!"V idence in tt·:!s ,s:.ubset is :: I to vour r::c_,nc'.!u:~;ion_ \!\)e_- founcj iti::::t twl:; r•3:~:u!t:; indi,_:-·0:1t1n~1 
- ' -

~~~~s2L;;~~1ti: 1~~1~;~~~;~1;:~~= r~·:~~-6; '~~:~X~~~1~:-~1 ;~1r~~-~~1,i1~i'r;;li~-;~;~ : ~: a f ':' 1~~it:;~~i ~~~t~c~~~~-~-.~:· ~~~f~11 ~'. 1;:i ~11~~ l~t~;'.~j~, I~· e;,~_, nfli cts c.f in;~~X.~~s~ai~~ 1~:~.:1~r·:5_s.t. 
\,.,;'=' f..:•u:-1d -1,:i pubiished papers shov~in9 iJ-·:at 2,c~-D is 1T1ut298nic· (all w1 joLaT;aiz; vl"ith •:::JU~iJ:t:1;' pe2r 

PC,18ITI\/ E RE:3UL TSitJ1UT_A !~lEi··,JIC: 
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A_b~.'tiT1ct: The r-r1eri::;t~rn8h:=' rn1tc1ti':' c·:::!i:; ,:;f •=sp::} :::::. :::1n stf1ci.snt cytc,g2netic rn::;U:cj -iai. f,:_,r chrc.rno-:::nrnc:-; 8b8rT8tion :O:-iSS8y ·~·n 

"''''<'"'''' ;;r:inoto:,:ici~/ c,i- pF7ntachlon::iph~no! 2,4 dic+k·r,)pheno:<yacet:c ac:id (2,4-D) and~~-

~1,>=: t:~(i iii ._J B I b ut<~-tch ic; t ). 50°/o 6 f k:< cti V C- r:-c1 ;-;; :·~ 1-:trati -, ~,_1; ~~2 )t,;~:t~~~',~;~ ·~~~i :~~P:~ t 1i~~:f~~~~; ;~~i:~j s:-~ f~~ ;;:-~l~~~1 
(!; e 

1:-o~c-~r-;ff::=:--;.;:!.::ir~·- c, rn'2 ~-n2nges ii~,3 o---::,chet ~-1c uks, c-tumc•urs 
::o'u1u i~.r::--r.:'3n ·0.11 :~; -. ~· -r, :_;:;rid bu1 =~·-Tn-·,;-tr~:::-t:,:·<J ~:1r-ci1Jp:=.;, hu1;:_1~\,·e(, 

i-,:)c•t .J~Ienc·r-8t0ci :::-:tnci 1:oncer:t1·at:on::: pprn:1 in F11:=.:p _ Mi in 2, 4 ·i : :::;r ··=''·1ved a I )\•\1 ~;:·,1 erage cf i 4.'.;:~~~;:~ f,.Jl!•)'1V'3'd t· '/ 
f·--'(:f::i (i'-}_~·~>'·b:•, ··1vhii~· w: t::;1_1tc::1ci1:•.:<1-., 11va:::' r-0,_.:-·i'GE:d 7i ff:,;::., \i.ihici1 is ne::.1_rto ti-112 c·,-::nt:-,:::,1 vaue __ A_ii ,_:--hc-rnica!s trkiu.::;t:d chrcJn·10:=:.on1e 
2ter: :::i.u 1.:it:::0 :;t signific:c~nI !811t:.'! Th!? c·hrornc::;crne atH'~natic,n fr,::,qu1:;ncy !1-1 'Ha:::; r~c·order:J in r:·c;p at;~: ppn1 

:n,·~i!c·8.ted t:iut-a_(JiicH- acts as pc.tent :::::p1ndie i lhibitor·. ·,Nhei·-i?-8S, _brsar:s. brid~1es, stickin12:~:=; 
:a;y];C)(c-Lc \f\1~;-8 n 1C1St that it 1:3 :0-:1 cc,ts-nt c:-1 :2iJCf? Eise::\ri8r Science g_ \/ All right 

L\i'\/. Hc1 ianr.::l i'\JT, F,ctl-•rn-a.nn 
in•:::-:rf33S~d l~·.'fT~i)hr::·C:.ft6 r2n;(,-ofr,·2 inJe:-· ,,-,,,,-,.,,,,,.,,, 

PF, ::::'rniU-, MT, 8·'YS'='n C:C\ Hoir-n~;:; FF; \/:~inOyck !<, Bl:a.ir A .. 2iJOtJ 
4-c:i1c:hk:-CC:•C-'i-,ei-,0.'(''c,;'el'C:J.>::Jid 11erbicirJ6 e;~f)\)SU!t:. (~ancet- '=~8JJSE'S (\:>ntt-o! 

reiJHc;at1v<el1nc!8:-'._F:i) :~1nd rnicronucisi·fi'~,-=iuency (rvlF) arn. HiQ 
2,4 ·D hsr"oic1cj2 sppl1c;stcr:::; T 1N«:h1e sppitcator;:; spmying onl~; d a blood and urine sp.::·cirne-n upon enrollment --
:~·"'"'"'e-r:;:i,i un:v:' ~::·srnpies durin~; the sp; ay·;nq ::.d sn2,c11nenai the :study' '2:nd. [·,Jine contr·:..i~:: pcov1ded b)O,)d 8nd unne 
'-''t•' t:."!'l(·:·ilnh:.nt :~1nd :=:-t n-;2 .-<.=.tc:.LTnir,::.t11 1,-i,v-on/ 2 4-C• IF"""ic 

_,,_:~;-d 3ft;_~,:~-;)~~~~:-1/-;g ·~nd ,:.,,~:~: ·-- ~ 

2;)C~ Ne·,,· 26. rvlicrcr1ur_::+~u:;; fr8quency and prolifer8l:ion 1.: 
'i-cJ1c:hicx•:>Di-1eno'·i'_-'Cl':;d1c ~,_,_· o:...J ;;1 vrt. o :=:--:tnd 1n vive;_ !viutation F'.ese8sd·1-C:1enetic 

esor•ea<j u::::ee •Jf th,2- t·1('·(b1.:::·i.-::le an·! it::. c-,_::;:=:;r_y--;:i::i.tion ·,1.;1t~-1 n•::>r;-!-k·,.Jgkin's lyrnpt-ir:1r-r:2 
·Jan .>::rs hc10 rct!f;ecl pubiic: cJnc:'~'rn Ht.;re, rn1-=::ronucisu;::; f 1JiTrlE:1tio; 1 ha::.:: be•.:<n u:sed as a bior-r1:::1rker of genotc•;-;icitv. 

and ;·rfitnt1c: inclic~::s (!vi!~.) a:~: l:•!c•·narf; <7rs of c·e!l k1nf:t:cs in hu1-:1an 1- rmpt1r::.r::::ytes. c-e::!ls v;18re cultured either as '·A"hr~)ie 
i=·!,: and tr·::-·:~_Esc! 'Nith purs or ;)-::'tT:rn8rciai ferrn:::. Gf 2.4-[1 at d .ses bet',PiP2n 0_001 2.nd ·1 rn!vl fo:· 48 h t:.''if"''-'' 

,_,,_,ucc·u8 minirr,a_i in.::Teq:;f in 1v1f·.J in \<Vf-,,_:,\2 bio•.:1c! 8nd e•,Jen S~Y18.lisr c·r1e. •ii is., -lated lyrnphC.,?./t8 c·ultures_ This induction t1.~ok 

,--,;-;: v ~t !8 ..,_,, e is 2, 4-C', 8 ~ iT12l I. fTl2,rg~~:!li~;'.~~i~ ~i~,~~~~~~~7;:~·e :~:~~/'{~-~~~~-~~~~'.;~)it '.~~i~~t~'.~,~~1~ r:;~r~:,:;.,'.~~~~;~:;;~~~j.~\~:1~.,~~;: ~fiovv (0 t)~£, 
.·,;-,f="''"°' !rnents i:F =--= 0 C1:,~~i. F;i INa.s tT10re ctff8cte. b:,r o.:,rnrn1="rcia! 2,4-[1 conta.1nin;_;;1 '.~!.4'~{:. •)f th"°' 

pur-0 2,---f-[). 1J-·1an ..,n.1ith an ·=..f Lhe ia.ttcr :sugg0s.tin9 t11at o her ir1~;t-edient~. pr·esent rn the r:::ornrnerc1sl 
iG.Y i)e (,., · ~ ~i ·, enh~~iJ!C''~' tt1S: ,:.-n.:..~ct l)f 2,4-D. ivlitotic· :r-1r;J~ :<, ho·"vr;:,· ..-'3r, dk:1 n•:•t ::;f-1'Yh' any :~:ignificant ci·1a.nge with 

~·! c?.4-[ 1 il of l~ rr;:::i.1e 2pp!ic2tc.rs ~;-.:,pr=.z~er=J ::;ol !v tc, 2;4-[1 during a:3-·rncJnth penod hsKl a 
"'' ,-c,,,+_, h!~Jher- t(• ':"./.pr_;s1_ne 8.nd th21n '3 c::c.1-;tP~~i (f' < O 01 !n accordanc~ \1111th the in .. rrtrc' 
:;i,~ro::·-8.S·::<i PJ st k:.\li.I d>')'.:_:·F;-:~ c:;c~c~1ce B _Ai! ri~1ilt:; ;·,Jurnb·:·r 1)f F;ef8(8(i()3S 61 hC•V'J,/Oi-(';I 

LNOTE THE SUPER·L()'!f;J \5 PiCOr1110LEJ DOSE EFFECTJ 

1Ning SptJt test 

9E'W1-tC•i,,'C[/ :_f;;ir 9 the [ 1r··=·sc,phiia rnei:~nr::.~1astE;r ~r·ct t~st, 
ird;:-,ctc''' :aniae tr ns -heter::,;;:~,,., gGu:::; for t':V:J rec•:.-:::-::;ive rnut-atic)n::. 

'lilth diff~r~nt 
.;-11--:-·~, :-·::-1-::1,- :·,::; ,~_:f th8 t',_•\.'r) Chet-niC'ai:;_:: ~ 8ed!n:~; !:::::i:;_:.ted f:•Uf:1atJc1n 1_)f U-1e effects ir1cJUC\'::d \/:J'6f'f: 

·~·- '" ·- .. _ ·~~:-!::its·· :·11- ~~-:t:' ::::,vr-~·e:~-::J8_:··,~-·-'=' :··,' ,-.,.::_~ii c:!ont,:::: '·A'i~h rhs :·nvvh. fir ,~.,r- r-r10,,:..1h-f!r E.'<P•=,:~.1_:r-e t1:' ~~..-4~[1 , at tht:-
-~-oil,=:'?ntr:co:ticn e\1 ::::J:_;·~t,=,,~j ( ·1 C1 :r-,1jur_::cd .:::1 \ii/'2::~1k but .signiilc2nt inci-22se 1n · e frc,~ue-nc:y t1A"O i::;,f the c·~,:J:egories of r·ec··~·,rd~,·:J 

·: r~~~,;~:1 I ~i/~:1r;~~1 ~~:~3i s~,c!t::;: in con\::-:~;t~1;~~1~~,~~-:,~:;,:~r·~~~tt~~l~~~: %1~b~~~~;r~ J~,1~~-~1~1~: ~~:~.!:~~~~-1~~~,; r~:~,~~~~~= ·~~;~: t~:i~5r~~:i;_1'~f:e 
ev-ucc_ in'=' [F~eferences :~:Ci] 
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' 

~:';;~:'~1;;,: :,s ~~~;~~~ ;.:,;~;';~:r.~;:;;::~~~I ~I~~;~;,'~:',:;~,~,~~;',~,:;:,':, :~,~~,~~~·II ',',f ~n:;,; ~"~F.~~'.~ ~,;;~~~~l;,~t: ~; '"aicd ,, ) "t" '"""'' 
En111ronrne.nt2'1 f1/1utag;:;-r:es1s :':°>42:2·_-:,-02. · 

::-;,;-·r·"'-"•·=· 

'r2c:._:Jrr1bin:~-ition' c1 :8.nts tc n1c,n1t(1r" 
5ffs-d.: c,,-, ihs frEJqui:oncy· (A 

~£~\;,;~,\~;;'~,'.~~·~ ~i:E:~~~~;;~~~;;;~t~i~~;~~,,~::T~;~;~;;~; v:,::: ;::;~~,~~~1ij 3:;~::;~~~~' ~·;:1 11t~1 ,c·f "'~ ;
1

iant t~~ ~',~i)r~~~~~~~:,;':~;;e~su end 
Fiele.renc:c.;=; 4J 1 

! 
I 

g~~r~~~~g~~~~~i:~g;~;;;r;~2f~]~;~~~~~g~~:;~1J~~~=, 
u,~;e '#BS le::;::; fre:qu'3nt lfaier-e ::ilsc-, e~:arnine;d ll1e b:c'!T:f"-::rker 1)utc::-i-)tT1e cl3ta; v11ere C\)i-npar-~d tc• urin:a_r\i !s\; ~Is. \)f 2,4-dichioroc·f-1eno:x:v·~~(".·ptic 

~~i~1~~~!·:,~~~~~e~~~~;~~~~~c~~~!~~~'.~~~~~0{~::~~i'!:f ;':l,\;~~'~e,~;~:~:~~~:E:;:';':~;~~~;'~~~i,::·.::, ,:~) ,t:r~~=~~~iJ~.;~,!~owed 
the- highest average level (4S3 6 r\pb) c1f2.4-C1 in urine. Serurn luteinizing hc1r-r-none (LH) va.kJes v1.12rE- ,-:,)tTGi~-:li:Gd 11vith tffina;-y 2,4-[) iBvei:~:, 
but t.-::rtircie-stwnuiating horrnone and free and total test(1StfJtone 1,1.,1ero:;. not; .A.t ths he1g.hr .:;f the applic:ation :::~CS.2.on;· 1~;,.'? backpac!.: 

~~:1;:.:,'0,
3

,'.:.~~?~:~:;:~~:~;;:~~'![:J~::~.·~~"~~~~~:~~~,,~~~; 
1

:~~~~~~~:~af ~~t~·:::~~,~~;f~i'.~~,~·~;~~"~~:~~}'~~:,~:J~'.I;;';~,~~~~l~~
1

~ ~~~, 

~rn~j0i;,l~~1!;f t~~~~?f ~~~,~';'JE~~,\~~~):~1~w,~;,c~~~~~~~\~~~~,'0~:~~~:~5~~~:iI2~~;1~~~~;,;~~~~~T~~.~1i{(~r:::;n 
'.~~;;:~~~~:i:!~~~=~;~;:t~~;:,~~·:E~~~!E:~:~s ~~~;r~~~i~,~~~~;~~;

1

,!:~~2~~~,~~~;~'1'.. c!eta11cds~1
1

~
1

~~~~,;:c,n11':1'~~.:~e 
I 

f'~ P t~n--f=-··:;r-, 1' i q<.::~·~, 'EffPct rif tk1P hP.rbi·-·irJ'°'" c::;,~f-iqrit·:-:f-·c··,..e-r·lit (::::a!t in 2 4~[/l IA nim8.I :=:>.:~i-3nce 2954-c:.-1 [\.Vher: adrn1r:1stsrsd in r·abbits' 
d: ;1·-1f~1~9'\,~·;-U~;., U~·-~~o(ji'1_J~-~1 ~-a:t' c~f 2.4-[)'~;;_~l~~~j ~n -i~~1.~f~~,~~·c ·1n ths r 1urnb8rj of chr-orno:;crn~s. brdin l>';!!S:: ·N~~f, t·>~' rr;an\· ·~·1·1ror-r1c,:so1Y1e0 
ctnd ceils •.i•.lith n-1uitiple chror-nc•sr::)tT1e sets ] ! 

L\8TED lhJ 1PCiSlTt\/E P.ESULTSiBP.AH"·J c~/l.J·j<)EP,'2' .A.BC.JiJEJ , 

~.~~~~1c::~:~~~~~~i~~(~:~:;:~~:(~J~t(~t-;~~~~~~~:~:lt~~.~~~j:.~~n~:~~nt~~1 ·~iii~:~~~;~~.~1~~~~3~1:~~::~~l.! i,-~;:~,~;~r~~":~ i~~~~~,'.~1~ct: v~ t:s s ~e i~'1 ;~:iau:~ ~ n et ~.: 
!:_Etuia. TE, ,J:li8.i S~/i. 1 ?.05 i'11iay-,.!un lnc;·e:::-..seci 1·ates of c;::=;te:r cJ-ii-·JtT1atid !·~:<changt?~ 1r1dur::ed th~· he-1T.1icid~· ._! Her-eel 7f;:21?-.:..i 

~~;)~~~;~;~1~ ~ ~c~~: ~)~,~~;f ~1~~)~~;, 5~~~!~1d~~;~J~~:1~;~;~1\;~1~:~l~~~,1~~!c~~;~~~~~tr~ ~~;~~1.,~i~~:~;, i~_\~~~t~~ ~~~·~~-:;.; ~;{'!;~r')\:1\-i~no ,., y z,~~~~'.~E: )~.:1:1~2, s-c:. :;. 
jeten·rnn~d 1:-: cuftured hua:ari ly_mphor::-·y•te::::. [:i:;-;:ta were ba::::sd on the an4!ysi2 of f,O cells fc•r the c:c,ntroi dJ1 -J eacf·1 of the tJH·se 

~;~~~~~:r·:~~r·~~~i~ !~~~i~~~~~~;~~~~·t~:~~~'.:~i~,;~a~~,;~'EJ a r·:~pi~;~~r;~"f;~~1 i~r-~~l~:;,~1t~:c,!~t~9;~~~-;~~,~1 ~~'.; ~~1~~,~ 7;;!~:~~111;~:1~
1 :;::~'.-~~-~~hTil e1eva~_7,'~~: 

:~:a.f-:::r con~pr;:_,unds are s.vailabie. Hov,,1~"re1-, the rc::::;u)ts o\" thi:::: :;;tLKl\i suggef~:t that the of geneti•.:::' r~·cJr·n dirt-3·2t e;.~pc,sure t;~' 
1::>:::;;T1rne1·c:ial sarnpie;s of2,4-D should not tJe 'I 

f1,l.-,,,.-•r·'""·-·l 1j;Jj-:.:.J.-.J,:i·· f"' H6rtl3.flt-',:;.~ .. ~----q •p,i.··,c-· A (,.'h:JrnC'iT() r.?; 2CiiJ1 ::=:er) )nductiOll of Sl:~t~r ci·n·,)m8t1cl f".\Cha.n9es 

~i;{:r;~rf ~,~1~~i~.~~:;j,i~~~~~\:j~:d· · T:,:;~,~:~;:~~.,r~:i;~~:~~F,~t~~~~~~~~~;~~~~~~;~~','!~1;1~'~:;~,·~;~~,ti~~t:~,~':,~;,~·~;,'.;~;~:,, 
~:;~~,;~~~,~~~:~;i~e~~~I~ ~:~;J;~~~~~·~l~~J~£~iJ~~~,:r~~~~~,~~~f ;.~~~~;t~~~~i!~i~~!~g~},;;;'.:~];:i£.~;~~·~~~:oJ);~~€,,;~· 1 o·:r 

I 
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:~1s-:-;~~~~:~:'.fi~;~1~;~~~ em-enrHrrred i~nas :~,.~~.:~:~~;~:~:·cl~i~t (~~:~~~11~~~~r::,~:);~~·~e~:~~~r1~~~c~~~~t 1~~~;~~1i~',;e~~=~;·'~t~~1:;;:1
1

i
1

'1~~ r!~ :J~1r~~~~i~~i~~~~j·t~8r~ 
'-.i1.1~r~ nu rric:,,-_Ji"fic:d1J1Jns e ,:.::er::e:-:-j --) d-C•. '=-Y•jr~·i~'nc•:::r·hBrnidc indu,-:-:sci cytcto;.::ic d:;il"-n3.~~e ::=:1nd a c;eil-,-:-:y·c[::- de la:,,<. VV ith res:pe-ct t:~ 

ncn.-·in·i. r8sults '•i•lf;fe :~irn1l2r t~::,1 t1·1c:::.t~ d2::::cribt-d e:~Jlier; thnI is, thert:, 'N::=:tf:~ ~::1 ::::ignificarrt :sc_::_,E increa:;e induc8d 
2.4-D ·-~k ,:;,:::-o:; ~·::-:::::t·::·:J :~1:·1.j -2 h1:-:ih2r----""''''-"""'--· rJ2·lii8Qe \f•/E-;.S ob:~.81"\'Bd in rJ-i~, snit-nfi!s tr·2'a1ed v1i1Ih c·y'cio1:1 hc·~PhS!T11de. C-1ur 

" "''"'-"''''"'n est8t,Jish~G th:-:,_:_~ 2_~·-[', !S :;_t l'i':,::-_,.j.:cta~':::' c:Pnc•to:<i.::rn-,t 1n rni•='e ~rc,ated 1n °Jivo iN\th doses, sncJ c1 minor-hazard 
f·-=;- f-,u~-,--ia •::; 1n th~ fJre:=>::• 1t ,-:_;on.-Jitic:ins ,:)f :ts :_,se Eis.::-,v1er· :3 1.:::·i~h,~>3 LtcJ Ail rights res6:-\ted r-,JLwnber cif 
P,cf.:.·r-~: ;ces :-1;:'. 

used horn1c·nic herbir-:-.idlC:' ss ~~.4-C1 

-:~-~ncBtT: \'et :t·1e dsts, p2rb:;uisriy ,Jn r112-rrim2ii21r. syst.:::rr1s, cc•ntir:ue t 1J in:~~·::le:.-~ua.tB anj 
\l!·-:·:- -,c\usn1~ An ·~fil~rnr.:/L W'.::18 rn8,je \\, th\s_ 10 d<~''tc:.,rr:·1',ne the and muta.9\~nic pot,~ntia\ of'2,4-L:1 in cu\tur6d 

C-hrc,rY<•SC1n-iE" th·-=·l .. i'.~1h !n~iqn!fk0nt OCCt~rred cit dosa•;1es as !·:-•\Ii/ 22 0.:2 rnic:TC·~;r:HTulTii_ c~hiL)!"(IOSC1 rne 
~n,='rec1::>?d c:t :=o-; :~.t2tst:,_'::'.~:Oiil y c:;.i~Jrnfic01nt ie>.1 e;! ,,vh,c;.·(•E:' ;ter tt:e O)t-1c;er;t;--::;inon V•/Ss £,lJ mic;-ogr~1rriltTil ,:_,r higher iviuta.9enic:t\1, 

1 ,-::,n .-ate_~ ,_::,f inc(~:o.F:::,2 in c:.i:::-i::,:;,r 1=-h«:.,n1s.t:d \•i1'3.s 8.t 10 rnicrogra.msimi ,)f hi9her C•Jnc>S'ntr:=:ttii:•ns. Sta.tist1G2,f 
'"'"'""'" c'~'rnpari:::.on test:~; ::::1n·:! linear regr::,0::::1on:::. !t :3een1s 1mper3i:ive therefor-etc 

~i.!ld tv te:2t tf-;p f•Jr !c•n~;-cat-:s:ie iO\•\i-!2:\iel c~;..:,posure:=:. 

Eft\~''Ct~ ,_Jf CJ!T11-nerr:::'i~-:t! c:i-1lcr·c·pherK-'IBte, 2;?. 7,F-TC_::D[J. Bnci pure pheno1:yace<t1c 81:~1ds L')n hep:~ic 

[~1r;:~~::;-~;~~-,r::: ,-.,,-,-.\.,1iil a''i"n-.;1 c·~" ,H-.,-, !·~!~~-;~~~~=,~,~· ,.;-:~;~~'.~~j~~~1-~'~1~.1;· .!;,~~~~\~f~~~t~~~~t 6;f'~;r~~~1~:~~~i-~~· ~-~~~:;:~ e ~'~-:~cj_·-=~~;~~~l~~r~·:..-~:~~i~i~ ·1~~~:~;~~d 
The 1nduc·tior< •)f hepa.t1c p;o;rc:<i:s·:=rr::;::; prolif12rafr~n ~::1nd rnetsbcdi:::::ing enzyrn~~: and of sist'3r" chrc>rn:~-lt!d exchan:;;1e (SC:E) in 

r·ats sftcr <:;\f=·O:';!n9 thern f;)r ;2 ·~vf'.:·i2ks to a ,::·c11T1tT1erc:1a! r::::f-iiorClpher:ciate fOiTnUiatjc.n 
:;-::crrachioi•)(!:c-.cr1:.rc;:-c10.·:<n (~~.:~:. 7,t=:-TC:DC!; 0.05-!5 rni•.::rograrns1kqlvd~.) and to the i,:.>1..-1re !:1h~nr.:-ix:/acet1c 

rnq/f-,;1/day) 2J1d 2-·~·hi•)r,_r4-n1ethy!phenrJ.'-';::.racetic acrcl (~.i1c~p,r,,_, 100 tTl'}''K_giday' ). The 
forrnul:::--:tt!•.::•n and pure ~:.4-[1 MC·P/\ c::?.used si~1nifi1:::ant incn.::ase~-; in the nurnber 0t pe-rc,xi:=>)tT;B:;:. in li'/~r ceiis. 

fin ding indi•:8t8s rjj1.::• ?.in irnp1_~';'.·i~'~ ~;-,~~:~-,:~~;~~~.;·r=·\;~·1~~e;~~~~1~1~~ ~~~~:~.=~~!~ '~-~ !~~~~:~11~;;~~~,~~'.~~ 
1

f~.~.12,;~1;i~.t~~~~~~;,:1~:1~:;~~: d 
·=·f the iiv2r 1ncrea::::.2ci siQnt:c·:~-;:nLI'.,/ in r-nt; treats-d vvith the chJc,roph'2nc,iate forrnui2ri:1c1n and ',I•!ith ~~.3, 7,8-TC~DD 1,5.0 and 

r~1- '_. n~icrr_-)9r2sn::.!k 1J)_ ThB p·attern cl \nducticJn of ;_e;nob1otrc rnetabo\izing enzyrnes sho·:1ved sorne dlffijrences l::.•E:t\1i;e;:-n c.hlorc•phenoia.t8 
t"-eat~-::•::ont and 2,'.3, 7.:~;_ TC:f)[) tn~a.tn1~nt Furth•::,n·nc·re, t~-,~ effect:::: c.f pure pfleno:·'.;fai:·etlc: acids \1i,1~r~ diffefent fror-r1 thB.t seen ;~ntl1 

and 2:3. 7,8-TC'.DD The do:~.e ,-:,f ~;'~: 1 7,8-TC.:DD i11.::::re3:se:d the· frequency of SC>E in circui3t1ni;1 lyrT1phocytes 
but signific:~H1ti:~/ F'iv'il[J 27i~47Cl6 '''"''''~'-' - !ndc~:-'.ed for !vlEDUf'.JE] 

i 93(1 Jul, -u4) :241-5. Effects oi ",1,,.-,,,--,,.,vc"-,_,,,-.E~c:ds 0:1 the :n~:Juctron ')f chrnrnoscrr-ne 3.b8rrat!ons in 1fitro and :n Vl\."J 

1·u·lu::;t,=;nen FL ~<an932· c.i, 1/cF)ioiahti F', Linn:~1inr;--1::_,_2 f< ,_~1f Ciccupational Heaith, Departrnent c-•f :n.ju::::;tti3.I Hy~1i2ne and 
HelsinkL Finl.9-ncl. 

:~1'.:::d herbiadGs 'A'ET8 T;\i~stigai:ed on th6 inductor-; .:if r_::·hrotTiO::;c,r-ne ::::-i.berr~'il:icn::; ir1 hur-nan petipher:-:::~ 
/·;rnct1•:ic'1te·: <::,f e ,vT;(:--·:-sd '-N•-::.rke~~: in V';\F). Pure '2,4-,Jich\c'i'o~::·~-ien:11-.y:3-ce--tic 8·-::·.\d (2-,4-D~ 0 12~., 0 l £_(i, 

wr1Ar9~: the cr:!rnrnE-rc1::::-ti 2,4-[• forrnul2tion (Cl_ i 25, C!.~~50, 0.50(1, l _;)~1C: 
incre:~_:::::ed the nur1-1be~· ,_)f t_;hrornosc,rne aberrat1c)ns n 

t~-1e br"o~::-;:thina zc·nB .:;.f tbs 'Nc1 r~;ers \t3.ri&d br~twe-en o.::;: and 
.:is in H1e unna C•f the. \~,1(-,r~:Br:::: Gfte.r s:>~f=;'~jsur'::': v::::l.r:,~~d fi·or·n C1 OCiO to C1.0:':_;,5 rn~-1 :o!,,1 

: ~-i(':L:: ·-'·iere: 'C-incre:~1:::~:;; in chr-Jn1c::::;::,rr,::; :::-1t1c T:~r.1J•Jn:~, n 
:nd'::?-:<~?1.J f(1r MEC1Lif\JE] 

\;1uf.~ur-·1,~r-; 

·:;,\:ir2rT8_t:on·2 
Al' ~-ff:"'!.<"t Th·:: effect:::. ,::-,f acid hr;o.rb1t-::1ci~:::. V•J•::oro inve:::t1q:~_;_t;::.j ,:_,nth'°' induction of i..'hn~ r-r1c:::is·~-'rr1e- atnSIT8.tic•n:::: w1 hurnan 

( 1 :3111:i 
1~·,:_'.~~~1;2~~-,~~.1) ,:-~N,._f r ~~~~ c~,1.~r-82:~~- ~hP n 1r-nb ~r c·f a;'8ff;~~~~"~;,~1~r::\~~~1~,r~~-~~; ~t~~~-~~ i~~~~: ~!t~1;~~,;~~\~.1~~~·=f·~,~;~~i~if:.~~J~c;:~:. ;~1';,-D' 

.· . .:.... _ ._, 0. C,(!CJ, I _UOiJ and c: ~?50 n1~/1, -,,e.,1ith re:::.o~::-ct to ar::::rj siQn1ficantiy 1ncr~a:;;;ed the r-:u:nber of 
,--:-:r,=;r-no ::::'.Jrne atierT:~;.tJL_;ns in ,,:tr,:; ~t·::::rp,/at1c11\1 Th8 oh en :i::\\i :~c:cl ieveis in rhe breatha-{1 :::;: ~1ne c-f t:-1.:::' 

·='~;.~.--=:-r-·:_: 1,':~tned l::.oet\IVl~\~,n C:.8 ancJ z.tn1j the ·:::onL>:::ontr;:::itic1n~. tJf [tC!id:; in tf-!8 UtlnS Ot tf18 \•\101-\·.:ec:; after f.'<pC1 :';l_ff~ 

·,."cJr:s,·:! frorT1 f}ClCH) tc1 1 _ __; \}::,;~. rnrno!ii T!:o::;re \<VE-ri:::- n·::, !r!Cr'2ase:; in chr 1:,r·1,,:;;:;-or"t1'~- ab>StTations in i:•erlr,h~ra! h,..n1phor=vte::; c·f the e:-:pc,se-d 
·~.Ubf(-'-C·tS 

'=",i::o;~~,,=·r1e-'.1h C' NI, F e:::>~nk'~' E\i .iint1_)"=.hc·hin:?._ f):\.-1- 4 ;;;'?'::· Scr.:::.-C1c-t 
•Y'.ifie:c: f=":::::-J.di:::::~t:~: 5;,,:;i f=--:.:::~d1u :;c:~ 1 ---;-;;: 

,_-,f 1: .. :,ct:,::·:2::Jnd tr-r::;i.di:;-1-ti•.>11 ::::1tt"'iB r)~Gj :~,tage ',Na.s studi6d in cuitun:::d hum::::1n 
t=•f chrcrtT1cs·)rl~c:: ::'.ind cJ1rDr-natJd fra~HT1ents in irr::.:h=Jiated 1y-n1phocytes He:b!'~:! _h:, 

c3,~;:c'.:~ 0ns.:trlffi:y 1~r~·"::,_;,;rn tl 1<-;;' :Jield ·=if .::-hr1=1r.ic,:;:ome type· :~berration~., thf'":" 
:t:;o cc1n1:::'entr::::tt1on n-1r-::Te3::;bd 

,,,. :=1 T,_-)~)8_~:hk:~1-A n,:t·12v:~i :;·Jl, •?ie<)(9i2·-1 a lv1_ 1\i~ ·--::s··.,1 ~' \/. f< ::::~ranc.1'/ f.=::. :::_coo r·J1_~1 'i (~en•.::,to:·.-:ic eoffE·ct ,)f :::.ub:st1tuted phene:;-.:.ya.c~h:::: 
·~1·~1 ~l::; T•.J:·;iccil 74:Sf0-5i36 
L;_b._~.~r'a•::-t: The p 1)tentiai to:~.ic and n H_ncecJ•e>Hc c:,~'ticr: ,)f 
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the ()Dta1ned re.suits r:~:i.r1.:-:i>:' fi\-,t-n r~·,c:-e-a::.:.e 1:::L ,:tn-,::\l-(1c1• ;(!rn·-:-:: tr) nc• efre.ct at al!. \IVe r8~?.arrnned 1:!1~ eft·u,:.t ,-:;:f tt-ri::e. ilert•1cicie. b\i 
:~.:rnuit:::i.neous us1n9 thr·ee rest::: t ::t.~:>?d on ~·! "-'-8.S~. tr~tn.::;f,~·rPV.'·:l 1-1.::tTi3t1:i~.1 C\1etK\ .~n.j r;:,'J!Jse b1:.r1~ rna~TO'·i~· cert:::. Tn-~ ((<;-ults obt:~-:;1t·h::d 
1)~~-n,)nstr@:i?ed th:~_t ac:::i3tf,:_-; s:~:·~,_~j- ha:~ and \TiUt'~~'J~nl·~' S'if.::.ct:;., Tn;:., r;;;<:::.r=cx~·~·t- ·=·'." ·ye-.a2.! an,:~ 

·..r.,1as veriti1::d in f;E-1€:.'~!·::::~. anj clc·:::::E--rr::spon:;e 8?'.p2ri1-r12nts_ The c)T 1·1:~t3oh.3.=;G ,ccrotn,·c"xr,1~c 
int=l1c:8ted 8 z,t3ti;:;tica!iy pr 1:.•·,,1e. ~ in.j:_J,~:t~·:.-·n of /: .. r·t'ak.:~ and "'-:'-'~Ch8-n·~Je:::::· s.f::.sr th-~ intrapE-'rit::-·~-1.:?a.i adrn1r:ist~-:a.Tk1n .~,1 2.4-
dichiorc·phenc>::~/aC'8t!'~ s.cicl ir-: t"tii'::'-~- !~-!<?- ::;-ruc!_1/ c,f ac,,::J and rt.::. d1ff~r-·:::nt!y- chionrT01.ted •JVn\;c,;:-,.rcs :::.D:;v,,,~_(:l that 
'~'·,/t<:JtC1)<\Gtts :~nd n-1utso2n1,_::;1tv 2.rc:-: n.duc·.sd c:1111unn.:: 2.t-::- rris ar pcis[!,Jn 2- z1ndfor-41n th;:;: b~n:::enr:o. ring_ Tr-,;:, rr;;_;;:apE"nic eff•:H::t ',N:3;~ 
ab1:ilished -b:v 1ntrciducfior. 1':.\f .s th:r-- J ,J-1k 1 1:1n~ :~·=1 !-;1 2t )_H:·s:tic:·n 5 i r-rus add 1_,\;:::::;_:::: fc·u~·:d ti=' hO.-t\.'f" -,,ttr-y \•Veai: 

P:;_;;_".ri1c:::J f\0, Pai:ies D, N~19y· c:. ~ 991 Jun 2,4-·C•1-:t1!-:11-,:-;_;h,:n -;;·;y·:::·t:::etic acid c:2_u::::es 1::-cf-1r Jrnatin sr;d c:i-1rc.rno2c11-r-1s :=-1b;:1:•~Tns.1!ir1e:s ii"1 [da:1t ._·t:d:c:. 
and r11utat1on in c·uh:ured r-nan--1n·1altan ,::::'2'ii:=:. rvlutat F(es :263 77-:31. 

?P,d i-ni.<\.~1Q-:.n1c e-fc?<~:t:s. ,:,-: ths '.:;:'.,_1ntf-·,et1c: :'.OJ.U/.ir1 
;8rn. :L,"<i' ::·~1!::;.: v,,,,e,-~ ';'-'.o-:;:::-trrin~-::-! :~JJ 1c: -~:i);·fi/".!8-ISd 1~-1 sh2i:ot, 

ITiLlt:::o_g~Ti~'] r;;:o:~u!t::::: ·1r1 bi:)th S>'Stt:'J1-n.~: 

conc,?ntrat!on ra.n9e f:,lant t1z::::;u~ C1Jitur'3 (gre:ater than iJ cc-,,,-,,-,,,,0,,-,-,,,',,-,[r 

c:·i·~ss_ Phe~·10:•.yac·eet1-:::: '~~:,n:st-:::..~t'~ 1)r<:- ·='t rh--':< ;;ruui=;s ,-::of h>?-rbk:::·i,_::-J~::::. S·)I'.; 1;-1 the. •,.-,«'1::.•r!rj 
'-'e::::1:rs2,4-d1chloro,oh6nc•!'.YS::.:et!c 2rjd h:~:~ t_J':-en the ·::::rne rrro:::.t US•?d :n th1~:; ::;tu_,jy V•/P. used [)st1srb2i;1 a '=''YlltTif'l-c1ai 
f<:•i1Y!Uiati,=1n r:1f 2,4-0 to cieter;-n1ne it:~- e:f,:-..,-t ,-,n f1un1c:ir1 jviT1'·-,1-l,..,"-·vte·::: «-1 ',.'it~·,--1 bv ,,-,,,-,,,,_,,,,,n'li ~1betr3-I!C1n 8n8l'i• ~:JS 8nO 
i"n!cr"·)r·1uc:i0u:::. assa._1/ inciudin~1 the :~:c:()nng of n1y::-;le·:::ir bucis --:=.,."/~: cliff~r;""nr ~~:or~;-~,;:~~~-2_ti;~;1~·-:; c1f - , forrnuis.t\cJn 1.·\18(8 u:::8d :::~o d·::~t fi -:ai 
•.::>:Jn•.:::errr_ratieir-F~: r_:A 2,4-D \E\iefB 1)_4 an•J 4 both in the ~1re.'>:'..'n•'::-'8 and W; the :~-:ib2.t0:,n>':::o2. of thE: \iv er rni1:::JT1SC•n--·;.::i\ f;-·3ction 8.Z:. rriet.::1b ~·'1 '1c 
act~vator B•::-.ith cc..ncentr'Z"J1cinz. of pssticide. i::::21.u::::r~ d an 1n :rea::;e in chn::11118.t1d and cf:~·c,rn,_::i::;c.rne br-eak~:, nurnb~r c/ rni.::-::r·c,nudei and 
nurnt-,,;~r .::.if nu..-:::i8~-1J bucl::o. F'reserp::·>-? c:I Iht? 89 tT:i''- ·c,.-1,'11t1--,,-,,,,,,, si~v2t~d the nur-iC·er- (::.1: ·.::'hror-nati.J bre~-i.ks and tT1icr·~,r;u,:::::0: tr·: t-·eat~d 
1 y n11=,j-p)C'/les 

;~~~~;~~~~:r;·~~u;,~~1~~1;~; ~··:'.-tr~~~'.~~~orns. i1-1 s,~;;:~~1 ~~1j~i:~~;~-.,;~f~;i.l~9r~::~:~~;~~1 ~~~'.i!jr~1~1~:.~~~.1X)2i~-\~
1

~-:~~ci_=,~e\:-;t7,~ii~:~:~~=~_c;,:~i·~~:~;.~~~~~(~; 1,~1~~J~t~,;~ c:e11~
;:;:nd, ad1uva1!~·~1::1~1~~1tr~~1~~:;·:~~:-J-'ir'.~8t"i)iciclt7 de· ~~,'.~-~~-i~~~~=:~~;~~~~,~~~:~ea~e;~1;.1~i;,~1:~1~~~-1'.~jo1abiy 9:~~~~~;=:~~c;,~li~·ii~i':::t~•~:-·;::~1r h:1-::~:~~~,f:~~~:i-i2r 
_b~:'2n e,,,:arnine-d fo:)r genot,_):":ic: p(;t0ntia_l_ Tc te:~.t H"if-' that r::·untarninant::o in til'S'SE' herb1 1-~ide0 ,Jr :3..:lju ,,_.,ants rnight h::-rve 
92~--,,)t-:,·x\·~· J)Ci'Lentr·a.\, r::ornrnerc-.1·21.\ 9raci"" herh\,:·:1d-?s, othe1-1-1torbici(l'=':~; z.n<:l adjU\i3nts \>•,'Bl\::: studed_ (~herntca!~- used n-1 
th~s.=o; in "litre• studies VLl~re ,-::;f:,raine•:l fr.)ti1 fon:•-st apf:di:::::at(JJ:3 V1i'hlJ use these product:=:. 1n their· ·._,;.·cirk_ Thi~- i:~: :_!2;-t of a 
iarger- ia~)orat"Jr y based hurnan population stucJ~,,r cl fc!f'3::::t pe::Oticide 2pplicator2. 
i< & J''.P/·_)rcl:3 

Tu::;ch! H. Sr:::'h".<V2b c:~ 2Di}4 _A_ug_ FiO\o\I cyto;-netnr::-; rr1,?:ti1ocis U0':'.:'d dS scn:·cning test:;:, for- basal of cht:i-nical.::--. Tt)t-'.icoiogy in ')itrc1 
ir;:4t:i3-49!. 
/\bstract i'l.in1 of the pr6scnt ~tudy '-1«tas to evaiuate th.::· ·c;lr,tab\\ity r"<f flo"N cytorne-try t<) test 1n v\trc• ~ff6cts <)f tc,xicants F\,JV•/ cyt,:imetry 
'-::)ffers th'.'°' possib1litv to..~~;t_J,:J}/ ::~-evt.-<r:?J pan:trn~ter:::: ':1rnuiC'3ne':"'" 
·~:sii .:;u!tur-~. The (:ffects '=·f si." '''"''·'o'.ir''°'' 

a.cetic 21.c1d = on eel! Cj c;!e \'Vere it"l\t8sti9ated 1n 

:::..tu died_ 111e ph2is':'s of rr-1~ •=··,:.Ii cyde an·j tr1e C•C;JLJtTen·=~ ,:::if a sut»-l~Jo t:•-s;1k apoptotic c:el!~: \Nsre dett:-r'·ni:·!ed lh'ith propidiutT1 ic,d1d~ 
:~.tainino The pres8nt in"<,1e-0~!,~1atir)n cler.--1orist1?.t>C:'d C'r)rt.-:;:i::'.:l.tions betV>iC>:'.")l r-e-~dts obtained. b:,r fl011\~ ,_:::~,:'li.)tnetr'1C' an3\y;:;e-2. ::::Cnd thfj 
!C~.C1 d~~tta ,·:Jt!-18 r1/1EICJ ( = !;/:uitie,snte~-E"-'aluatic,n -.,.-itrc, ytc•tc,1-:icit-_,c) stud_V th~ sh 1)ritirn·~- f,)rthe- tests, the 

~:1~~:~ .. '.~i1! 1it;;'u·~:i~~-~'~ rs~;:1~,i~;1_ ~ ~;:~-~'.~;2~:~r~:~~~~-~~~: G.'c. of ,:_.h eiTii ~-!:~~u ltane~:~=~~Y::T~:~._,~:~~ ~t~1s~_;f';iz~~;=!,'.~1:~~~~ :--Jfi [;;~'~'~)~,;~~!~lc~1l1~11::;'1~;~~r 
c_:,f ~~efere::ncs'2. z21·,EN'-1v-,-,-1c 

Unnainn1::_:::_a f< 1934 ThSo ~ffc:<ts ,~,f 
::::c129 Pt C'.r:8E:1:~·-74 

Linn:::.'Eit""Jn-ias k 1934 ,_ii_u-1. Induction c•f sister c:t-irorilstid 6/CC:snnec. 
8nd :ri vitrc' •.:>01n:::,1no_gen,:;s1:~ 5:70:::::-7 
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42 
_Al_;str3ct: Phenr):·<y ~~icid he1-bir::;·:·:::le:::: acid (2,4-[·) :~nd 4-.~;r-i:oro-2-methyipf-1eno:";/acet1c acid ::Mc-PA.) h8'"'E:' 
!~ 1 e,_:;n f1:.iun°j to induc·e pr:)!ifsn?J:ic,n 1)f perc :-'.!S:(_,rnes in th'~- li ,:,.:.,r celis: c·f rc<lsi->ts iii th-3 ::;arne rnanrter as th.;; hypo!1pidemic drug ciofibr-ate 

,. ___ ,_ 
) :~<re ~;u::;pected C::?fGlnc'~Ji::>liS The pre.sent 
in the biooj iyrr1phl~cy11~s of ;:;,;.q::-i 1::iser:l rnts (1CC1 

c:lr>sr,lc;a/:. lh the bcne rn:=ttroV•l ,_;eii2 cif ex<:•C•SEd 

')sils in 1,1itrr:.' :0.(-4\ and 1vi, 
~~~ . ..:'l-.[• and i"i'1C>F1'\ :-,,,2n.w•r c':!_(_~id~ •,p;,.=;1·2 studied, !r-, ocidit<n•• t.-~, those of tf-16 

CC:,r-rin-·:2r-ciz~ hetbic1cl2 forn1ul:~:ons and 1~·!r::.fif:,rste_ r·.Jo !no--c~a;::-,~ C·i= SC~E irEoq;_JE'iiC:.1 '.l</SS r)[.<:;;~i- •_)f t~IB 
-" -, ~,, -,:::_:.•-,-= :~-, -,1.;:tt1 t!-""' c.:>:,nu-,:. ::;_In ~hs i)one n1:::-,1TU-/\I ce!l::; l~-,i'rhe C;h1n2::;<-'::' harn:;;t.2rs, a incr'9ase of ::::i-:-E wac:. 
1oun 1j :n ~:·1~ 1:J! --=·up t·,:02tecJ '•!Viih rv:c:P_.;},_ !:iut :-iot in thf'· 'Jr'=>i_ipS tr2:::o_t~,j ' .. o,1ith :2,o.f--D .y- c:i,:-·.frbrate. _;\ -;::i:'~~ht incTi;:;ase in nu:nber 0f SC:E:~; \,·,!':3~':. 
chz,1-~l--__ .teiist:·:::; of :J.I! i:h~ tr.-:<::ttBcJ (:He~ ·:::=el! 1 )_/t·._:r~::::;, t_-,c,tf-. 'f'/in-, an·~i "N11J-,,_~·ut a rat !i-,.· S''- --,-,i·~-1-,Jst::rnai a•::::t!vatcjn :::::,..-::::.ter-r1 rn1;.::)_ f'~o cie:~1r 

Mut·~ge1-1e :::J-.=; 444 _ '207 <21 t, 

ace!1t::: a1]1Js. ThE' pre ~'.t·nt rs;;:;ults :~uppc:·r1 u-ie dats liv'hich in(Ji,:;2t2· 
8~1'?-nIS 

,r,t '~:tr::::i.ct :2,4-Di·:::hk,rc,ph-sno:··:~i· :~t(>::,ti,_:: aci,:-J a.nd SU\-'Grai oi its ,j~r-!-,1c1J:ivF.o::; (,:,:)ik<tf·, 
of bro:~_dlsaf and 

n-1utatcn in ba<.=t6ria (A.me'~- test) and fn,Ju,_:::t1c0n ·=·f Df\l.A c1:-,d rcp8.ir in n:.1t ~1epa.tor:-,yt~:;;. in acldit,Jn, an 1n vi\1 o 
[!j\JA_ ·)n :2,4-D. The-r-~ vu·er'2 nc, indic·at:ons of genotc;::ic prjtential fc1r 2,4-C• acid_ or 

r-~::::<)t:s arE:- ;:::·Gnsist2nt '~vith i.he lack 1)f potermal for- 2, 4-[) in bcith 
iTI I'::'"" sncl r::'.:"ltS 
1: 

ci•:,nc•t<:•::,1c:,1tv c·f 2,4 ·dichiorophenoxyac:12ric: 
G: t::nvironrner1tal tJ1uta~0enecic 'l '1 ·'1:'217-

2x~ ;-,et·bicidrSs used t':• l.:>)ntrol a vvide- vanclv 
and !"-h":::i sa!ts (2,4-D 1;:;opr(ipy!a_rnlne and 2:4: 

u::::ed \l•le.re the induction of c:hrorT1osornai 
: .. ,:rnL-.,c:,·t.:s and :(:11·-.1,.12;-,j r·nutar:ons :::~:t: 1e f-1(~FFIT 11>:::-·u::; of C-hine~s'3 harn::::.ter o\rarv c:ells Ther2 

·;,_13,:;; no t'-iiden•:::'E:- of ;;1enotJ:-;icity ·:; 1r~~ern:::: u:;ad. The:=::,? re:;uit::: r,,1i_.;er-e C'onsistent v~·ith the 
pr-1tentiai for~ .4-C• in 2 nurnb.::-r ,::,f ·=•ther t'?:c;t s:/std:l:::o ! ';•99 Els2·1,. i8( ::::c1cnc:2' 8. V .. A.ii ~-i9ht::::; resBrv,~d. 

I:::-1«.ton n- 1:::,r-:-1 0,0 rr12is s.r)ray8rs 
1c1·~l2r, '-.~i-<::'r'? ::-1ci1_1,-J~d :nth'°" 

:n;se3s.3s. in t!1>? 1r:,~::cJ~n1:::·e of MJ'-..J-PC;E in the tr2s~2d r-n:c0 8t 8r1y of tbs 
r-2suit::; ::;ire .-_;c,n:=:1::;-.t8r1L ··1Vitll the re~ion:,:<~ iack ·:-,f fr)rthe::;e rna:terial.s in 

1999 Else"" iEo~ 

, _,"-- -,,,_, vrcr·,1,,-,,-,,,tA:' •:.if \i1/c1rt:er::; Epra:ving fol1ag13 tn 
8-'Jid (~i1C:PA) or 

c·h:c;nnc''· in th2 fr·e,JLk~n tru\;(; SUCC:6SSi\t8 bir:;r~·d sarnpl8s ' .. 1i,1er,-o. 

:iv-Oct•:;b,er. 1-~X'.°:'l ir: ·o.i.cJditi -'n, 15 ,-~control ::;ubj6C-ts nc1t V1ior-kin•:;r v;,1ith 
_:,·i:.cd ~-ub)E--c::t::; "'JE<C- est!rnat6\·~ by rne·a-.::.urin9 the, 

,-:.=ii~,=.-,.- u·,;;; c:: V•.-'erte c1 btained frotT1 ~?-:;-, hett!icide 
1~~. c,=,ntr:;i '~>~!n', ·::"r-t,-:::-i!ie'~-.::; cf'.2, '· '" t>·:·, 'Ji-Ii'~ aft2r >;;':-~,prJ::;ure 'v'3.fiE-d frorn 0_1X1 tc, ·10. -~' 

~:-;:_/~~'.~,~··~;~:-•• '=',·r· '.'.·-' irt,,-r-;.,s,"r"n ~~-~~~~-~1t~i'~~~:~~; ~ii~·~=," e·'"' h•""''"''· e:~~-~~';=;~~:~ ~~; '.::·l~=,'·,~~f L;~.: ,'J, 
1_~11----_-·, ,,,:1,-.' __ ~,-a:-r-:p ;~~,!!~ ~~<n~~~e;.;~~~~l~j~~~r~f11;J ~'~ ;~~~f~~r~-'.~;;~:~~lu~~bjects 

;.'.,_ ·:\fi- ~''=''''::-"" ;~-: l~-:c; rTi;c;:J.n::) ,~,f '.3C--Es ·,_;,_L'a:::. nb i-'~~-,,, ·:-c l>:·t' ,,-,,-.;:: 1-,.==-t\1in1---i ·;:;ir-JilJfiC:::Jnti',i htrJhAr rT12:J:n v:-1lu~:~. 
,,-,,'<cc•:,-,,-, t-r-'-,;r 2,4-[~' :;n.·1~J i'1,'fr~~C·_A·· r:Jc -~ot-~~ct-as dife,:f 
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>'i'Ci"\;'11hE-:irningil1 (;Ut'•.t\(::-igh the :J~'~Jd.:i\J'? ~-~-'.:::·ult'.'.:' !t '.::::. thli-::: :·1·:'.L'~.tb'1e ti-;:;:it Si! f._1ub\i::::hed ::;tudfiSS •:1f 2,4-[i:,;:. r-nt.ech8-n;::;:;T; c,f r_:::ar·~Jn.: 1 9.er-:JC;ily 
c1;1erwhe.it-rlin;11y- and re busty· f:nd that2,4-D pi:=.1.\ c,, ~·'- 1rsr~~ ):'-·!··:--a:-1r·::inogtSr11c roles It is notabie, a:::: ·~ve statecl 8-b,:1\ie, U1at ih·s irnrnur1i:-
···. uct;=.n-, i·:c ,--,, t-~;n·npt ~' 4-i< hF!,-·au·:;F b,-.1-h tl-1"~ :~ir/J tf-i.e nlec:hanistic iltBr8tUt 8 ~.tr0ngl:y ::3llppC•i1 2, -i-D C8USin9 i!Titllllne 
;~.~~~,;~r:~:·_~· T;-1-~s~ -rE:-~'ult;· ':::.tr~;:::. t~1~. e-~-~~i1~'ab 1)n ci the snirnai :studies that yl)U r6!y on :n cia:!.siry1n:;1 2, 4-[ 1 :;->s ~12\,•in;i 
in:::.uff1cient e\ndence- ,_-_,f c::~ircinc19•?nicity. and u-1e rT12),n C\'·-~.-:;-·.- t,~,,-, tha.t. na.tura\1·_1,r ar"1::;t:;:;:; ·1s what is th~ qua\ity of }/Our 8'/1dencf-. in :~;t-1c•tL 

8id.k!'3'y BF{, i'32gnon Jfi/1, F:ousse-au~< (>:; ~r "~'.~~~ _A._uq. Th12 >-?ff cct c1f a ·~oO\T1rne~-cial 2,4-[J fr:1f'rnuL~i!:1on c•n cherTilGS.!- an·.::l \tira~induced tr_ ITJ}i
pr·c,duct1t)r~, in t'r"1ice. ,_: Appi T·~,xi·~~o: 12:2-~0,-9 

:~1t~stra·::t: rv1~-~.~a;~;·~~ ~~;~1:~~;;~~'.:u ~;:~~,1-~:~;~~ii~~ ~~--,~~i~;!1-~~~~:;::~~:;~;,:r'.~'.~\
1

~~~)(.~,;~~-1~i~~~~r~ .. '~:~~~·;~~t~~~}(\~~:1~t1~:-~ i~~~~)(;i:~~;~:;~>~l~~1~'~ 1~~~r~;
1

.~~~!\i"", it-, 

~ 1~~~~,':-~'~'.~~~,;:~dT~1i:=~~~t tf1~;·:~~~[;)~·~r~~; ~~hf:~:;;~_'.i·~·.:i~1~1~~,~~ !. /:i 1 nj ~·ct10:~::~~'.~~~~;1c(~-,~~1~~~-J ,~;~ ~)8 :~~~i~ ~~~,~~~-~II:~:~,·~'.-~;~~~ ~~.~~~~~~\;: e6·;;~~'.!u~-(~'.t 
a!te1-<?d b5r :,;.·,4-[•, ind1catin 1) that2.4-D did n•:it influ~n<:e up::.:than ei.irn\p·at\on_ Pu!\YiOt1:::if~·..' adenorn:a 1=11-c.duc\i,-:1n, \•vhl·-~::h \1v:a..s- .s·\t0luat0cl t;c:J 

s n ,-,,.,,~:::-1nftPscr1 ur-e1~~~:-~-:~i.~ij~~:~;1~,o','.~::~~~~,·~~~1:;;1~~7i \;.~,;~ s2:,:~,~~~~-·;~is.u:·s iJu;~·~;l6~:~d~~~-~~ ~i~~:-~~i~~~:;~~:~_ -i~.\1,~r:7i~;=t~1'~:~)-~:~~,~-1v:.;~~ ;;~~j,~~:r\';;:r;~:1 
°""ia.s:: not a!t2red b:/ 2,4-['• tr-2atn1E-hi:_ E:<pr:•.s:;u;··e· t'=· thl'::: ,~,~·!T1n:erc1a1 2.4-[1 pn:;.duct at r11ode:r·8J::sdy- high !8\iG!:;:. of '2.~·;po::::uri::~ rnr:.v rr1cidif1/ 

tt-:e d·:" v e!r:i1:·nv_:;r:t or ,-:-,f c.'jrtai;-, tJr;--,.-:_,r,s:. 1n .::A.}-1, n-,i,c~- :h<:-- tT;~chan1~.1T1 ot tllE-" l)'.)-c:arc1ri'~1;ien1c: C-'r- turncr-prc1rnc1t1n·~1 actnnty 
assoaated \rvith ~,4~Ci e.<posure rern~-tins tL> ~)e d~te1Tr"1ii'V?CL 

Fio_qs L'1l/, Hcrii8-nd NT, P,otri.11ann f\l, Zcti-iril ::;::;H. Tar-..:_;n\3 F-\E, i-!1ii F;, \/oQt F;F, Sn11th ivil'-. Bovsen H·-~'irnss FF, I<, Blair/;_ 2CJ; _ _J<=! 

,0..p~~ it-l':~->:'2.sed I yrnphO·?/tr:< ris;:-11ic;ativ~ inch~. r fJUc1v~·in•;i 2.~-·::-Ji.•::h\-:=i1opt ~enc_,.1,y acstjc sc1d h~rb1ode expo::::ur e-_ (::an::er C~ausss (~_:cnt~·cd 
i l .:'.)7:3-80 
.Absrrsct: C1EUEC'T!\/E: Ev3Juate penphera\ blo1_~,d lyn-\;:.\·.,r:ic·~1/b?- pro'1r'ier3tJon freplica.iJve inde?.:R~.1 anr:l ~-nicronuclei lr::oquen:.:y (MF) :;:~n--1(~'n'~l 
2,4-[_i rretbicidt:, 9ppi1c9t1)r::::'.. lv1ETHC1C1::::: T·~veh_10 2-.,c·pi1cat)r::; sprsy1ng c·nl_:ir 2,4-C-:1 provicl'="ci a_ bk'c"J and urilv::· specirn-sn upc:.r1 enrollrn~r1t, 
sever-sl Urin-S: s·2rnple.s during the sB:~1:-;cin, :;::tnd a bk1od ·:;pe,::irncn at the ·2.tudy\~. encl. Nine cc•nt:rr:::)I:;:. !)rc•·,nd~d blc1od and ur·ine 
::;:f)S::-:l!l"i8t1:~ upc)n e-nrolirnsnt :Ojnd 8t th•;,:; stu·=ly's ':'Ond_ (?ia_s chro~YidL_•graphy/tandt!n-1 rnass spectrr,);::.c\:.ir~·v detenr-1in~d u~-inary 2,4-D l~''Ve!::~ 
a.tvJ st:"Jndard in-..,.ritro a:~;says deterrna-1ed RI snd !;,.'!F ~=::(>~rs;~. f\ppiicator F~\ and fV1F 1,nfer-e. 1y:::Jrnp::::1r;_:-,d bet~~rs and after ::;pr-By1ng and \i1!'\th 
·.::c,ntr,~·!s F;E:SULTS: Applicator-s contributed 48 urine spcr~:i:--ner:s \-'•.1!tt-1 C•Jncsntr-ation::::. r·anginrJ fn_)m 10t,)i700 (fnicrog 2,4-D/9 
cre;=:i_ti!'1inrSil~ unne) that !oganthrn1c:a!I y (In) 1ncre2;_:;;ed as :::=:;Ji-ayiniJ tirne incre,,:::1~·.e-d_ i--\,,pf_!\'1catcir P,\ incr-:.as~cl after- St=''r:~~y·in:;1 [ p ;:;:: 0.0! G), 
indepen.Jent c,f teibacco an·j 8.icohc1I use.'. an•.:::i dern onstrst~cf~< 1,e.1e2f: cJosS"-r>:.,sr1onsE- '11\1rt_h inc~·es::::.in_g urinary 2,4-C1 1e-...1eis (P ""· 0 
A.rnonQ 2.4-C-1 applicators, pre-~>::po.:;_ure corT1pisie blood cnunts and lyrnpho,::yte ·1tr'.rnunophen0tvpes v•.1t:ore: not s1gniflcantiy d'1ffer-ent 
fr-,:::_.rn pc1st-e?f>::::Lsur·e 1T1easurt?;rnent::;_ C~rJNC::LUSIC)N: U~inary 2.4-D .~~·:w1c:enti-ation. an 6>'.posur~ b1or-n:~1rker, rnsy f=·e <71::::;sociatBd 1,r.;1th 
hirn~:::.,hocvte re,r:::.diccative 1nde>~, ::::-i cell pro!iferati(_-:.n bi•)rnarker 
(AL.Sr~j ii'-J 'P(),SiTl\/E' F.ESULTS..'~11UT1\ 13EN! 1~~·] 

,'-+:riianci /\JT, [Ju~-SIJTiad P, Rothrnan N, FicJQ:S L\l'r/, Blair f-1., Hut:::!b:?rd /1,, :::;rnith !·vlT_ 2(JC£ r··.)CJV 26_ Mic:ronucieu::;- trequeni:::'.y and pn~Jlifer-z-ticin in 

hur11an iyn1phc:.icytes after exposur~ tc1 F-i~rbic-1de :;::,4-diclliorrJphen.-::1\ :.r2cet1c :J.cid 1n vrr:rr:::1 and rn Vi\J 0. r-AiJt"clt1or1 P,e-S:earct-:-C--:ienetic 

~~~3~~::~i,~!~i~~~f ~~~~, ~,~=~;E~~!;~ ~:~:,!~~,~~~,r:2~: ::~:~x,~~~~,~:~~~:R~~;;~f:~~ ~~:·~,~,~~,'~~~~~ v~:h ~,~~,:~~;,:;,'r1 ,~ ,~~~~;::~:~;'.;~,,, 
~~~c;)~r-g;:~~::~~~~1~~~1r:~~~)r~~c~~~i l~~1~t~~ ~}~,f~~r;~~r~;~~ ~~,~,~~;~,en~iai ;~~~~;:~:~~t1 8· .~~~-1:~'.~~~,~~~:-1~~;;i~~ r-~~;[~~i:,,,,1.~3~~ ~-'1~-;~~.\'~2r ~~h~r ~~sp,:;~2~1:~~ 
to :2.4-D prc·cluccd a rnifiimal 1ncr~?as6 in !1Af'-·.! in 1!'·/h•)ie bk•c<i 8j1·:t sver; srnctlier cine in i'i:.o\atB 1~~ \yrnphc!cyte cultLJr6S. This inductic•n tcok
;)i:J_·::e ._:-,ni;./ at ie\1eis apr:,r0a1::::f-:inQ snd was ar:::-,)_)tY!p-~niecl r:.y a significunt inrnbit1on of ri::plk-:ati>./6 incJe;.: (Fi!). A_t 8 IOV'r." (0_0l}5 

lj :)::;e of :.~~i:H1;1 ~~~~~ %:;,.;J~~,~~i;~:t1 ,8~'..:,::~,~1~;;~~1 ~~~:~t ~;,~;~;~~::~:;~{~;:~~~;s i:~~~~~ 1 ;~:~~\=;-"~:~· ~~~1t~!~;_ ;·;~f ~~;~~~~_;,~~~t:'.~~i~;~t~ ~~1.~. of the 
pure 2,4-C\ tr1an \i'i!th an equal c;•=,nc:entr::o_ti.::1n c,f thE latter ~.ugQest1n~l that oth<:>r ingredi;:ont; pr~~.ent in the ·Jor-nn1erc13J 

r)es11c1d'3 rr1av be responsible t:.Jr rna_:v enhance the effect cif 2/!-C1
_ iv11totic ind.s::<, h.:'•V•/ever, did n 1.:-;t ::::J1;_11,.v a~-::.: s1 1c:n1!1c,,,mt 

~ithsr- o::::HTii·n8rciaJ or pure: 2,4-D_ The iympi-1ocytes of i2 ~-n2:e 9-tJp!,i,::;atort=:. solely to 2,4 .. [J '.::luring a3-rnc·nth had a 
~-n9hsT F~i thsn the s:~-H'r"!f' Qroup pri.)r t,_) ~,''.posur-~ arn::J than a_ control grc!u~1 (P < O_Ci1 1~-; :-='.'1'."_'cordanc12 
F;i s-1t kW/ do;;.;:; (C::12:')J2 Eis8vr.s< :::_~,::-1e-nc~ B \' A!i n;Jht'.:'; r·s-se;v~,j \Pcefo:::;\'E'::r.c:~.::-:. ('·,j1_~r1t•~-; ,)ffi-s--'1=c:rr2;n=:'3::'. i_, 1;\'_f,,,/',Jdc1•cic 

F~~EULTS f-JOTE THE SUPER-LOVV \S PlCCif>J'lOLEJ DOSE EFFECT] 

V 2i,Jun10-..,,-;-,i L). :3us2: (\ C!pei:::: •3 ;~'~fl! Jan !nduct:.::.~r; of -=-=T 1r; hurnan i)Tnpn·>::::~1/te:=:: t;y the ;·:e-rb1.::-:id2 
:.O.'~;JcL Hun1 in1n1unoi EQ:E:.:1-74 
Abstr·3ct" [1in!ethyla.ri-irnon1urn .salt of2.4-,Jchic·r-;JfA1tT1Cx)/~tcet1c acid (DMA-2.4-[;1 _~! i:::. ~t 'v\,•1d2!y u:~.ec~ h;::Jb1·:::,icie that :s '~'onsidS:red 

to~-dc. lrYtbe present study '•Ne found that Dilk4.-2,4··[~: is a!::1ls t,) c~use apcipt,-:is1,:s ln p~nph~n2l bk1·.~_. .. J 0ft1ealt~;y 

1ndi"<t1duals and Jurkat T cell.:::: ti,p.:1pto21s induced by [i~v1A-2,c:1-[J 1N38 ck1se and tirrie clepenclent, inch:·pendS:nt of Fa:::,, 11\JF rtoc8pt,:;.r-: ~·r

tf·1e ar0rn2t1c hvdroc2rbon receptor-. and in\tOh-'ed d1:;rur.,tic-n of the rnitocllc1ndriaJ transrnembrane pr_)tsntai -;;:..,_rid a·.::::t1\ration cf caspase-9 
Z\/ ;'\[:1-FrvH<. a'troad-::;-pe-ctrur-n inhi!:..[c:_ir of ca:::;pass-s, blocked [JM.A-2,~-D-fnduc:ed a;:::'of~-·tc•;>i~. cc1rTiDie1eiy. \l\/t1ii0 2li: inf1it,itor-of caspase-
9. as VJ6il as ,_~:asf=Ja~:;e-9 and c:8.spa.:;e-8 inhibflor:::~ 1n :):::-.mbinatiCJi\ str·')r:gly bioc-ked Of\t1A_-:2,4-D-\ndur::::'3Ci apopto;::r:;., an 1rri-nbff1)r C;f 
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·~=::1:;pase--:? h:~1j a rTic":::i'er:::-tc- inh•bitc•r_\"° •?ff~,--::=t. : __ Jn!ikc· t="::::i::;-rnediated :~1popt1)Sis, the infl:i:::ttor ;:::a:;;pase, c::::tO::-\Y:Ot:::.i::-8, V•/as rK-1t irv .. ·c·lved in 
OM,.s._..:;~.4-D-ir-1 d:Jced apopt,~<;•s ~r:=3.nsfe·=-ti.~ n t:)f ._lurk =J.t 1;i:::ii~ ',iV!th 8ci-2 pn:::v ent:sd Dr·.tA-2,4-[i-indu(:e,'.:f disruption ·=·f the- rriitochondtial 

:x1tcrct11cJ :::tt-:'j :ed tc· .::1 of 2poi=Jt02i:::. \)u1· data :nc:io::..=:ite t1-1:$t [!fvl_A_-2_4-t.1 lulls hurn::in l~.,.rnphocvtes 
:,-,,,,,"'',-,,' a;:1or,1t1osis Via. ::1 din?ct eff~ ~-Lon iliit•=.,-~:f1undna. acti\.':;th:!n c_,f C=dSP<:i.S8S c·ccur~; i~k;i"Nnstres:~rn r:.f rT1itc•chc1 ndri:~_1i d8illfl~~e. 

r-;dr-i-::1 ::;,f~·(1 <::-:~:ff·::'. t,-=, 08 ::;uffic!f?nt f,~:·r tri1_J~;erin~1 81! ,jo"'vnstt"::':cJJr: event~ leading to ai:=-.c!pb:::·=:::i:;;. -

L:n f{ '·/F 20fJO )t k·'TtD:;Lud1e:~, c_.fc,:' iui~::u ;:tnd n1oi2<:u!:~ff of ~,_dju1_r2,rt:::;; f-ierf::,j,jc[,~:::.; an1:J fungicid~s 
l.:'Orr-!(f ·~',ni~/ !JS'-?(! !n "' ·d p,jve:,r ''j '.·)inrv=-·:::;.:,t::::L cJcurn2l Clf T.--.·,xico!o~1y & EnvirCT!!T1ent2i He8.ith Fc::trt A ~(1:42:3-4:~-9_ 

:~·Li_J•_J1t:;.~ . .:::;-!::;;v,.:.~d ~r1 c·;-22::.;ed c)f t:•irtt1 j~fect::; in p'3':::tir::i·:i~ Ztf:.·f:•ik-:8.t•:;rs ar:c) gen er-al p\JpUlal:iOf'I 1=J 
fu>ther- irtCi:cated th st this croi:· grovving :?-JE'Si u;=:0 ~0 tTK-'r·c ch!or·ophe::no::-'.y i-1erbicid0s and 

ei~.e·,_,.,.1ht7r~ 11: i·u·i!t1;-1.~ :ot~'- Es:c::~·-::l ·:·'' of u0(:.: 3rd ~;nov1.1n bic .. !ogy-, cert3i;1 h,,:;rb1._::::de.=-~. r.\~st1c:d13 additives, 
"'""''''"!'''' :~..-;d :-n · . .1 ( \Jtc.=<in::.; and ::;:.u0;>2ct -J d0fins '"i,d-iefner these :J.g·:-ntE ;:3-ffel~t de sndpljirtt:::; ;;'1 v#rc, 16 :;Alectsd 

'·Nf:f<J S'/:;=;_rr1in•3d i.;::;:n:~; r1-:2 tTeast c·:~_r:,:::;e-1- ceii :in>?. !n the fioVJ .~'YtDnr1e~ric csii prcdifsratlr)n in this e:~.t:o;1sn-
,,.t:.v•~•,,,.·.rjtf8,_is (:211 \;1abiiit:/, ::::ind ~-i,co;=-·t 1.=is:s '.·Vere 

X.-77 :.:1t1d Adl-,,,"at8 P\u0 c·E:-1\ p1r:•liferati<:T1 :~1t CJ_ 1 an·~J 1 
srnine :ndur::·ed ce!i pro!if.:,1:=:tton at 1 ~~nd 10 T9/n-,i_ T'rie reagent-9rade 2,4-[' 

,_;(_-,uid b~ ::::1f2J=-:t•_Y-in thes2 rs-suits Th~ fun~11 1:;:des triphen: ... ·ltin an·:::i rnanco:eb induced apoptos1s Sit 
C1 ata Df'~-, ind:~ a ~-ne.-:-h2n1:=.;tic step t·) undter::.:tanrJ1ng hurnan n:oprGclu(__1iv e ancl de 1/5lopmental effer::::t-:; 

:r, pc·~>JL:::-U:;1:::•n:~: e:. 
tc>'.iC:ty· :::.tuc!ie:=; 

~Ji•''.:ni!;::-;n ,_!J,11. Fil'.~\\ rv1, [)U'.2·or:-.T·, P. ''/(:\\\1~(\U 
a.n 1J r-1abitu9Jy~·;n :Jn !!f=-'i(] :::.lnd f:.1 ((1tein 

~i8 44:·3:-4 ~; ! 

2ncJ inmati\,'E' to lirnit~.-j resources f,~:rfu~ure u~.2· _.f.ry vfil~ 2n1rnai de 1./elc•piT;>?n::~1i 

, J('.-, F~io:::le:~1u l',J\. ~1 '~{'jf_, Jui- ~1 ·j':-::£, _Auo :?.--\ Effeect ')f ·,2,4-dich\t-):·ophsrio:--:yacetic sc1,J 
Gf rn1c'!'C•::::e<rnai rr\E!iT:brano::.:. frc,rn oeriv;1irlk!2 c:e-i! Plant Phys1oiog}/ g_ 

ass•_-,c·iate,,j · .. ,vith h2tb:tu:~_t:':'n in celis ani:l ti:;;:::.;u~:3 Gi c·wn in ·1_,•itro are still Lir-rnted !n 
o::•tTipt:1sition •=·f rnicro;:.;crr1s! rnernbr:-:-1ne;:::, prt-3pa1~7_:-;cl frorr1 t•vc1 (:;::-1tharanthus 

::.J_,::-:1d (2,4-[;1_)-d~pendent lin'-°" snd 8 tu!!y-t1ab1tuated !ine ~:eiet:;tec~ frorn the forrner. !n c·rd<?r
frcip-, thr:-,s.7 3::;::;oci2tst=l \;vltt-1 2.4-D tre8.trnent. e~:::-tc:·h line W8.:~ 9ro'.Ji.1n fc·r one p:;:i.s::;sg2- Wi 

:J:',~:c·d a lc:o1 .. ver srnount of phos:phtJ!ipid, a h!ghoS'r fr-22-::;tHt-(J) kJ ph 1JSpholtpid ratio, and a 
,-nic:r•=)::;orn~J! tl18rT1tira, 122. all p8.r-8rnc:;:t-::-rs u:;ua!i'./ as:;:;-c>::iated with cell sen6scence. ()n th6 ether ~land, hab~uation 

Js1:::r;::.:2,,;:::ed th8 fr22 st.:;_r,_-_,1 t,:·. ~Jh<J:::.phc_)\ip1d r2t1:.;. 1n•·:r·e-2«,c:.,;_:;d th~ r:Ae\c ~-:i_dd t,:;, i'lncle:c; acid r2bo an,~1 tht,:, s~to0terol to c~1rnpe:~:tsro! ratici The 
,-)f tf-1~ rner·nbran~f. frorn hab!tua.tsd C>3i!s inc:reased. HaC1ftu2tion. as \~itSil 3::.:, tn~atrnent of the c•:<lis \•V1th 2,·4-D, chanr;1ed the 

::<'' v:::er ttd~ ,:-of th.;;, rn1cr,::;.s(;fT:;='Ji rnec-nt::::rane-s_ The -=!ata ie:~-td t•:• the conciusK)n that rne(nbr~-inss are targets for bi')Chernical 
':'[-;~o:i·;g~:=:- a::;::S0r~·iated uvith ~-;abitu::::ttic'n s:Jf)pCrt tbs ~hat ::;crrie 2.iFTiiiantiBS 6;",i::.;t ~>:-tvl1een habituat13r.::J r;elis 8.tld 
~Lriwn~~i r_ rn 1JUr cells:. of R,:,,ferenc'::;:;:. 

r~.' ~ ak: k . ivia::i:~_;:~~~~; ~~~i~;!~~~.~~~2 .!~~-:j=;,r~i:'.if~~~·~.~:~.~~;:/~Jt~;~;:~:/;~~~cid (2, 4~:j)2~~~'.~~ ::~~;~ ~~~~~1~~k~ ~'~~:\~~,~r:-~'~:~~,~~!;~1J;~~~~~~-11:Jced in rats and r-n:o~-· 
,-~ .. ·.,1:~1:n-1e :,3/1'.:: rt('n-rnLjt'J.<],cn11:;. ·~·:aH.:: 1,nc.r~j~n~. "ir1 the li·h::r cl \;-:;,.::Jent:::., scti119 both ~;::;_s ·1n'rfratc·r·.~ ·a.ncl prornot12r.s. Th~ 

- ·1-_,c;::,= _j .- prol:fer:~-:i_tor::=::: rPP:::.), including \il/yeth (\IV 'r' )-14<343 a:::: a 
~,_:::,a \Ne:~k PF\ :n Sprague-[)aw!ey 1·~1ts, 8<~-:C-8F! rnic;e. a~-1d Syr-ian 

'..1i.1as ob::::en• t<i in the outer stnp~ r:;i i:he outer rneclui!tt, :;-specially rn rat:-::. treated ·~vith 2.·~·-[} 
fOCI ,JftUbUi(•::; t!lC::-<l: ·,V'2·r8 f::1art:iaiiy or lined b'.•/ basophilic Eeprt:heJia! C:f:!!S ·di/jt-1 

(lpicai of chn_::;nic 11ef)~:rDp3:hy ·;uch :::i.s !rttE'rStit!S.il fibrosis or b21sen1ent ~~~~~~~-n~:~:~;;~i~ t~~';, ;~,~i~~i;~ ~~1'"~~~·1~ r~~ ~ ~i :~~.s ~~ ,~,c1 ate d 
-+~~·.u 4 ~ :n tl16 :nr:lic:~tted rncre~~:~:ed 1;·~=:~'.~1f t~;~,i~~~~~i~~~~:~~\~i!f:~;~~.~[~'.~i

1~~~~:~ .. ~~~~J1;~;-1 i;~ ~~~c~-!~'.~~~~::,1~~~~ '~~-~=·~~:~~~:tJ_ 

rJJi;~i
1

E~:~.:::,~c;·;~;;,;;i~c~~,;:,~,;',ft 1 '~~;,;~,~;~~: ~.~,,'.' :;~~~.!~;f;~·:"J'!:::~~:;~~~:~~i:,;:~;i:::~~~~i;':~:,;:~~1,;:,~:,~~~~~:~:~~:~,~:!~~~~f ~:~~i;,,;'~t 
in![•_)·_::·f-:,-)iidri-": in penY~:121:,rne::::. '·1V2r8 nc•t appnrent. in addition to the les;on in rats, r-n1ce trsat<::>d \~lltf-1 th.;; 1-1i 1;_Jh>Sst clC'se of 2, c4-C· 
~ 1 :Jt i1· --, ',/,/ ·.,.- -141::4'...i, ,-n:?.r:if(•Sted sirnd:~_,_r re:;::-J tut;u!:~-:i_f" •'.:'hsniJ.:;s as s8en tiy !i9ht micros·::-~.JPY- f'.Jeither 1"t1ernica! induc.:ed 1·-snal tubu!ar 

_,, 1.-, ·1, ~-1ar-n::=:::tcr.~, f-i;~p::'.l.t':::".:::e!:uar· ,_:;oh::.1; ::.':.Cteri~:.;t:r~ Cif ~·p;~; w,?ir':'::' pr·e::sent in aii :3 ::;pee::: es trcati~d '<•Vith \/Ii Y -·1464:~:, but not 2,4-[,: 
~ , t::::u!t:=;:, 1:; 15ic=ate that tl1~ r-::;;,t ::::. U:e 0r1>7 ~-ies rnost ::;.'3ns1t1ve to the nep1Lin)tc.:<Y::' ~tf8'.~;t~. ,--ji' ~'Ps :~:.tnd the1-e i:; 2 :;.1tt:o :;p.scificity to this 

':·~ :-:.1·:::-:r.t (·.'..'i3tt:<'. t·:1 ;::;oJ.~:J_:::: c:f PP-r~i::=-1ted ~n.-iyr-r:e :ndu·~:ticn_ Aithc·u·:~1h 2, 4-D 1s C1)n~.iden:=-d a ',;1,,ieak PP f,y-the li-1,.er, it 'N:~-r~ ~-is rnost effe-,:t-...,.-.s-
::j i-. ,,_ c:n1J i-,=.~·:~1: i~:~:i ::r::~. ihst the tr);<::c p·:·t'?'r-1!::-~y of van'= u:~ PP:~: '·Ali ii ,)n the t:;:i_r,Jet ,=·1-:;-1sn [F:eferenr_-::s.~:· '.38] i\Jun1be~- •)f 

,·~ _ _,; c-. 1 r:dr:::, i>::·c~~,_r_<s'3 rnr:::v ')f'.Cian1:_:.;n1s_ T') under::;tan•,~J the toxic -rT•ec:hcinis;r-;-r:; :n;,::=iiveci, \11,;t:c f1a~'e deterrnineri if 
r~ 11r ·(:\ ·~'n 1 ]1'c:i !unc:c1c,n:~, a.re; aii2ct2Lj. [1inc1~:;8t• p:~:uti:~JJI~; :nhibits unc·)Upied rE's1::•1rst!cn. refl•3cting its !irnit,_:.d inter2ction 1.•v1th 
e11:; r-r-:1tc =:r-:c1nck1·,~~i r"'::-Jo.·< chain ar Lil'~ !2\,c~i \:,f succ1n2re dehy·=Jr-r:11~1enase :;:-int:i ·:;ytochrc.rr1A c re?du<t8s,.-: 1:con1pl6:..:: i!I)_ Additionslly, rt: 

~i~~'r1;;;~:~1·~~il~·;;;~~:~:~I=c;=·'~-::~~~-~.::~1 ,:J:~S ,~·h:~~2·~t~;~·~~i~:ii~~~~=~~-:~~s~i~~:::~ii~·~(;Jit'.~~=~~~~~J~.~~~:~~·=~~~~-~~~~;-~1J;~;;~~~~~~g~~~,1:~~!~-~:~~r~i~i~do 
r:= :~·: .~is:;, i:1_Jncti.)n cf :>_;nc>:::-ntrat:c·n a.rr·j tf18 r~1te c;f r·13polan::~1-0on 1.1v2:::: a!:;;0 pr1=,gres::.;i'"'e1:.,.- dec~·ea::;ed :3~at~ :~: and un1::::our-·ied respwat1on 
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' .. ,,,.er·e dC'Tll-E"::o:~.;o~d by s.ppr,:,c-::wnat'31y· ttl2 :::.:~-:::rn>:-- c:-.,·:t~nt rJut w1ter2,d.1 1~1n·i:.; '.)n :a.:::.:st=:",-nt1\~1J 1r1j•~r·end.:-:n1 ,:_it the 
r>::>.-:JU:·; d1·;:;:_in_ The her·biod5 str-..Jn91:,/ inh1bit6d :=::uc<::1nate ci.:-hy1~Jre>~J".:cna;;o.c:: s;-1d cyt<:·1lj·1r,.::wn"'.:: !!!), 1.:;1here:a;.:; 
,-,,,,-" '"''y"~ c t:i~·ddase \11ia':.: not affec;tc:!·.:l A d 1.::iitic•naiiy, ~~.4-[' a!:~:c, r;111uchon.Jr·ia :~~ c«.:: :·1·::: sr1-::1?t:on~- i :JOO-tc·k~ h1qher than ~h 
r~qu:rE:-c1 lc,r a "J°ir'nilar dinc,,seb eff~.-::t Ttrn:; stu·J).r t~-10refc.re ::,;-_11;1~1~.::-·st~- that cli>irJ:;;e:)- an-~J c8Huia:- cJar·n3g~. 2.:;:: V:/.::;,~ have 
r-~;:1c.~tt<:! t)S:f·:ire. 1s putati»/eiy pre1-:-:ecJed 111Jur·::,· ;_;p,~111 funet1ons ·~·,f rnit1)'~h0nd1·!03_ 11:::-.\ !~1:~~ J\,:,2:1_der-ni'~; Pre::.:~:=:., Inc_ 

·42] Nun1ber of Re:f,:-r(::-nce:~: 42 

F ·.: :_1~.t:n: A, ;~~stt'1n1! L .. F:~-tc~f1c: P._ Fane·'-./, Zue:.:sro P F r:•rast~·;-~ ~- ! '~~~-'~" in·~~"nun·)c-, 
h~"rbic:!d~.;; - F'relirn1n:aT;/ ob~.ervation.s. ,)ccui=.<:-iti0n2! g E:rrvironrn'3nta.! iv\0drc;in8 
At1:=;t:;:;r:1 Clbrective:o:·-To e··,,·aiuate short tenT1 irnrnunc1iuoica! after· 2:-~H-icuJtLnai 2:·<,0tJSLff~ t•J CiJ\Y1n1erc1a\ fc1~T1~ui·~1J:ii::1ns .-:_,f 

,-.'-·'·""''c"•n.-,,' •rh&rbic1d-=3s_ Mett·1od::::-E:ic1 o·~l ::=::ar11pi2.~. \1vefe OJHe~::te-•:! horn i1J f81Tr,en::: \N:tn1n :".:.2Vt;n b~~'fc,r-e , onB re t2 
"·,,-,,, :r,e and 8-')ain 50 tci lt) da 1/:=; after 13,:c:r1c1s1.Jre_ \!'\} t::::ib bloccj \h':3.E. u::::~d to c-c·u~-1t hn·n,-,hc,c·.,t.• 

c.r1t:t•YJ!es Peripherat-b\0 1:a:i rr-1ononur::i~2.r (PE~r/,--_; r::.sl\'.:; "i1.:ere u2 . .;d t,~, n16asurc natLff8-I blier 
,-.·,:t~-'oenr1.,; ::=:.~irnui2ti.~ir:::=: \/:~-;_i!JE:S Def_)r-,.:., e.>::;:1cr2ur·e- \".-·t<t- u::::~c 2_:;; rt·fe~·cnc:e r=-1~:~: Ht:::;.·1:-. cy,,-,-,,-.o,;,,-,-, 

::_:.up;):-c-:::.s,)r T c.:.!ls ( C'..[Y0\ r:-;C18 du11, ri:=-c.:.tural 

n ,, ,n,,cr,rTP 1''9[,~".)n[,C. t':' 

C'Uil•::~rf1f2:Cl':::-'n:~: !>2f•:·re ~:·'.POSUi--"°::. 

i"1Bif)•ST (i'..=-:D4j and 

T''''''°'' HLA-::::iF:i. (<::;D8-C•R), nnci 1y·n1r:.if-1,)~~ 1 :>=·1ife:-at1·."e r-22:-~<,n::_::e t·:' nilto•,::ien st1n1u1auon.:; \«aJue:~: fc,und bCi-7Ct dav:::: ahc·:-
~. ,~!_!·--="-re vr.1ere c·:::1t11.-,Y0>.rabie 1,.v[n con·::entratic1n:~. bc~fc.,r8 ~ .\;:-.'•-J:::;ure. r.ut 6-1it0''+='t1l" r-1rnl~- e•-c;citi-11"' 1-,::,-~ rinn' p·:: 1-.t '•\' ;,-.1;::·tv •ClijP·-- \l•"ArP .-::ti Ii 

,_ " -"'°'··, •• -~.·.~. ~ ~. ·u~·,,.'-.~_ .. -,:-,-_.,',._-.. , •. '_.,,',::.,. ~,·,•--·.•,·.·,· .. _:.•,·~,,_·.,-, :.~:. :'~.'.~.~.J·,,,_,h·,,,,J; ,'._~-~,_. ,~:, ;,:,,-.. ,·.-·-', ',,,:~~'·""·"-".·.·.· .. t·,.·c·.-::> "',·_.', -_,' 1'. :~-', ' -s.t:Jnifi•':"8-rttlydec:reased C:.-:onc!u:;;:.1 1.)nS-A·.:::·_:;")r·,jjr-Jt;!t0(11_ffd::.1ta1ojii1<_1_mu1 . __ ,,___,._.'2:- .. _ '"; '"7 _, __ - • •, •: ·_ '-'-"-..- .;;;·•, .:__--t 

L-·1 0.nd -~-chlor·o-2-1-nsthy-lphe-n•.::·'>~·/2l':::eh:: 21c1d (i'"1c-:F/\,i rri~v 8>~.er1 short ter:-n 
.c>1J\•::l whethe.rtha \rnrnur,c,loq1c.:::J f,:_run,j rr;f(\i h:=::i°'<,'& he:~tlt'n ·1rnplie::1t1c•t:.s ~:1r1d c2n cpcc,,nc-aJIV cnntribure re. ·-=·an 1:;12f 

i u:· ,::_,h! H. Sc:h· .. vab (:' 200:.? r·/1ar 
co'-·=·911 ~·'. _:::_:er~,~8-93 

"1- ~-'-.-"J-.~ .-·, 40i '"'h1n·-,-.p~-1Pncivv·:;,c---n,• ,--, --vt and its c:Jenv nti\.r~:;; :::'-re. ller L:cit::i0s u::::<::'d :') .J::;-;tt .)i ths of bro::;;die:::if a_r,.j 
_,.,, •-'"'i.i -=--'--f~)i;1~1ts-_ ~1

1

rh~(;~;f~: 2.21--C~· i: \:~1~i!--;_~-~,·:,1 n Lt..::• b-;:; n1c,,.:::!srate:!y t:1:-=.1c; little: inforrnaticn is: av8iisbie ·~)n ti:oS n1,=,chanisr-i-•.2 C!f 1t:; to~·:icity 
r:~.::.u!tt, 1::n r::-:a_rc1noge.n:c:rr:y. 9JS' bur n,0:.1_)[-,=,tc!;-(iC, and ht.~))8.IOtO.>'.IC 
BffiScr:s f-131.re- been defined f:.;-e:;;:.s-ni:~.tucly •,.-;_.-·J:::: tc 1n·,_.1c-sti.;;:12J!:2 ·:::.1n a hu;-n':::;"11 heps.t:•rns c:.:,ii 
i!ne. HepCi2 cel!s ; .. ver-e tre~1_ted '·trii.tt-1. diff e?i-~nt concentra:b 1 ~:,nf; ·.Jf 2«:1.- D, ·~",nc! e-':"\I, ; inciu:tior-1 c•1 3-popt,~·:o::i:=:.ine·:::-ro:::;·1:::. and eel! 
~)hase::::: ~"i>?r.:o deteni-1in'2'd A_poptosi:::. v1r:~1s d~t2·::-:t:ed in flcJ·v··/ c·y·rs~;rnetric !1~Jht2.catt':'.':-f-1i~~tc11;!i-:a.n1zo, th'°" ~-:inne:-:in \/ a::::s3_y·, the d'3tBrrn1natic_ir1 
of [1N/i_ s.ffs.:ir1d breaks ·,1vith thr::J TUf\JEl .. 2t'~-~-s.y and the ()<~CU!Tr:;ncs ,)fa sub 1:::<(0:1 peak C:.tter pt(1pi,jiu~-n iodide (Pi) st::;;Jnin~t The induction cif 

1 P r-·-~'t'-~·-.v1 ~::~Si~~-~~~ ~~,~r'.~~~:~~,-~! ~?;~ 9;~:·;i1~~=-u pTicr~r;~·~ t~-~ 1~-'.;~-·~1 ~:~:~t~:;,~,~~·;~~~:~t~1:~r~~,:~;~~~-~:~~1ti'-~~ L;;~n 1~ .. ~~I~~~;~~~C~,r-~:~.~i,;~~~i~0~~t~~1 ~~:t ~~~~[_~re 
;:;~~7~~~,~:L~:~·t·~~;~};~;~'r-~:~~~:;~,~6~D.e[~~~~·~·~1:;~~~ apof~J~~;~1i~·~';_i~f~;~~=~=;r~~~~~;b:~n the rnitcc\\(\ndriai. \·n<?-:;nbt-21-\e po~sntsl J)0'2 Else··,/:e-( 

._i".':nssen Ci, P,enberr~; L_ 1976 Atu] [)1s.~tribution srid c~1itD~1ent"'t1•-:::' test of :2,4-D ar1ci 2, -4 ,t.-T rreH; -., v•e,~2t;c ac;ic1s in ·rnc,u::;e t 1!00d ti.s:;;:LJ~.s 
c·.~-1ern 81·Ji interaF:t 14 ·:2/~J-89 

acid (2,4-L)-) :~111,j 2,4,C,-tricnior(1 f:•i1~:-;·J:-.. _~rac~t:c. acid (2,4.b-T:), 
n•ean~: c•f indu·)e1j rniGro:-:u,::-i~i in erytf·ir-c;cy-tc::::; of iT1,Ju::;e bon·J 

c1to;:1eneti;:.te0t:;,av~·:;~\,~~-'.~1~1i1~-~~1~;=~~1.~ ~.~;:~ ~-~::;~'.~~;z:;=)r the det~,;i~~-'.~ ~;,~~(!~~=~1traUon th2 

F:r·~, HarcJy f·,_,1H, 13oid;~)erg lv1T ·19so f\JC\i C~ornpari:;on cJtti.s a_1-=:tivity of topicali~./ applied and the herbi =:iJe 2,4-[, in hv·~i 
::;.hort-terrn in vivo assays c:if oen,,:-ito:-.'.icity in the n·ioUse. Funda_m App!Tox\.::;o! 1f,:6E/;,75 
A_bstrsct· (je:nc''.'JtU><ici~y of eight tO):)ic::::-div applied cornpc·unds \•\.'8:.:; detern:w1ed using thG bcrne rnaJt,_-:.vv rn1cTonuciBu;::: te;:;t and haw 
fc,]iidc n:Jde::.:1r :~-:tb~rraffCrn (i\J,~) assa~/ !n (;[)! rni··?'3_ T··h''2'llty-f,~n1~- houi-s after a s:nqk' trs:~rnent .7yc,cpfl:):;:l1h8HT1idE- ), C:ippl:ed at 
dr=·~·-2-'~. c·:·n·~'-'spc!ndin9 to l 14, l r:;, l r-1 f., 2:1d "'; t:--,·2 c·f thS: put-·1ished '-1errna! LC'~{J, 9.n.;:1 fc.J-1~ne-tr-i :,/!- f'J-rntrosoure.a 1'.1\.11\JU l. app!1sd at I /4, ·1 /2 
and ·1/I i3 .::)f the pub!i.sh~d dern.·1ai LD'.~,:J, \•vere f,_:::iund t<) th~ incidenc:s of l·ji'.-1. 1n a (:Jose---depencis1-1t rnsr;ner The fr2quency of ~·1i!-..J 

Ci(ffi!fPC•8T!tiV ln>.::rsasecj Grli).' 8.t ti-1'2 'jOf;8 Ot U.Jii-itJ !hf' :~:ar~-lf' pr1:1t1)r,))i, :;i:< E~::,,p\i~d \n (i\rn~tf";~ri, ·.~,i_!lh::rxide 
at d:-'s-:;s i:::,1f 118, 1,116. ar1(-! i /32 the ·=len113l LD00 \f'!',31'2 in •,ifi'Stir~J2t>?d_ Arninocs:t_! sno:::i e:!:ic:cr·dan2 :nduc-e:::d 2 d·:::;'.::.e--dependent 

:n·.::Ye:?_se: in tt-16 frec1uenc:y ·:.'f NA, \r1/hiie ther·e vva::; an obser\.<"Sd !nr::-;re-a:~e in NA 1ndd.snc~2 at !]--,c;- ck-':~:es of dichiorvos 
.:.J ,..::J'-D[f\ 1, Derr;, an•::l 2,4-dict-ilorop~-12n>-:::':-:.:_J8C'3t'1;~ s-:-i~~ [_2,J,-C• J_ \\Jc, ;:,ffec-t ',i•/a;:;:. e:b::;:e-r-vc:;.d Vl<'-rth fe.n'c•J·,~,th.i()n or1 ~1uc-!2~'rr ab2tTSLti,)ns in hair 

:~~~::~;~:t~~~t~;·.,~:~i·~;r~;8t1~ev;;:'~i~!~J·~:~~ ~~~ ~1~i~Zj,f11;;~:;., 1~:~,~~~ofthe c-ontro! ie~:~~tMd 11: ths bonG rnatTO\lv rn1cronu~~~;:~~~~J~ 1~~1-~~:~ 
'\1,nth fenitr;:,th!c>n, indicat:ng sorne- \n,11th th~sc:; :~tppL~d a9~nt:~. Th9 d:~tt8. ::;ug::;,1~::;ttf·;:::;_t a1-r1inc\r:;:::'IT"t~·. •::-:hlor-clan~ 

DC1\/F'i, [;[JT, .sind 2,4-D 3re a::;:. dt.ot1:"1Tnv1ed by th~ NA ass3y :~tnd r.ha.tr1-ns assay r-nav be nl-:1ro:; us.sful in je,tcc:::ting t')p!r:;al:y 

c~ll8Ii8::; .._)f>,,11, Bond [Ji\11. ,_!efr-~ie~::: ·/ 8f'l•-=< BL, ::=::t,:;tt \i1:'T, .._k:ihn~.c1 rr i{/~' (:_ unrr:,/ He~' \,'',/ji,sc1n F~D' 8ufo ,J:~_ 1 'd';:!fj t)C't ,:::_'-hr-•.:1n\C' di'2t8-\~l 
tc:i!Citsn'oncoQeriicity st:JdiBE 1:-in acid n rodent::::_ Fu~-1dar,-1 Appl T·:i~0:i=.:-:c'i :3:3: i_=:;f---72 
t\~).~:tr.::t.:-'t: Forms r:!f 2,4-·::-lichioropheno:~.j a.ceiic: ::::::.. 1::id (_ coli..;octivel ~/ kn 1.::iwr1 as :2,4-D) are herbi 1::ides us(:>-cl to contr,:1i a "Ni de \1 :::.:.ritty of 
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b:-caci)<::':~i anr:j \_•\l(iCdy 

p:~ffaile]ecj 2ut).-~h1c1nic fo-,,-u-"-" 
in tr:c' 2-y~a_( '~:hro: ,Jc:iorY::'.09'='r~1c:ty- ~-at \•vere 0, ':\ 75, and ·150 rnglhgida:/. ll1e ·~hrorli>:::' t•)?:ic:tv 

t'1•:jii:g!-cJ:,1v ·,;«a:; e-st~-ibl1shed A. sli,~1htin•.:::Te::.lss 1n astror::::ytc•rna::; obsen1ej (in rnai;:,s 
,-;·c;-:au-=t,J'd rat ::;:.tud:~· \n.1:~1s r:cct c;::-;;:f!rrn~d in the study 8t the hiQh dose of 1':0 

,::;c:r rr1•-::,u;=;e ')rlCfJ']6nicMy stu,J1e:::. vvere 0, 5. l 1Jl), ·and 300 rngikJi•-::lci.y fer f;;:;.rn~-:tle-:.::. ::;ind IJ, ~'. fQ._S, and 12_~, 
n-:o•.:!&rl!c E-f:~ct '1va:; ncitf<d in the stud!r ln surnrnat·:c.·. ~f-,f< tinr::Jir-19.::. cif t!v::,::;,::: stud!E<s indicate k_,1N chrLJn1c 

J',_[, '2,s~=;:-or F;'/-.: ·- u::::,-::-,=·~' y __ . - ,., ·r,·,-::,_ ;_::~uantilafr=1 r' c1T aL<~rT:~i; 1t lnte>":•)Cus t-c..:>':o:! receptc1( re7:~1rrc1ngerner-ts in !T1ou:;;~ thy;11ccytc::s .:::-1:·c::; 

of i>:"•bic; :-i2 --'ntne:1tai .'.?.: ivi·:.1.~cui:~1r lvlut3.;~en6':::,1~: 42.87-4:3, 
,C\i:<~.t ~.,c:t :Jn:2ii f:;bJdie:;:. :n : c:or!··::-!ati•=:-n '.Jf~t"-t,ieen th=':' fr~q1::enr~y 1-:if i::-iTOrs in ant1qen r·ecBptL:·r '~1c3nf 
c,ssc.rn:c!•,, ·~1r!'J \!'/Ork~!-~~- 6.\(=•tJ02d tu pe~=;ti";ides [-\8_\.'•':: b;:J1Jl ::JX1 1J;_,-;reasdd n:.k f•=1r 

rec·ept)r •;iene in ')r·=ier~·:J fu1tt-1er 1nvest1rJ:J.ts tl12 potenti:~i.i of SLk~l 
'=:.'n-·:-r:;; t1

:) n-;pf1uid c:;:-inCt:or risk. ~v2 h:J.',/i3 deveioced :~~sensitive PC;R 2ssa.~./ fcH" 

.~;~';~ ~~~~1111:~~ ·2; ~·~:::;~ ;~:~~ ,J-l·s;~~~;~~,;~; 11,~~.i 1~;';'::;~~f£~~ ;;
1

l~~ 1~~·~!':,~:;~~:~ :; :~~;;·~~~,'.! ~;~~;~~;:,:'.~'.~;;;~~,:~',i;'.;~~ > 
s\'ent::~. \t,/ .a u:::.2d this a:;~say 

to 8,'\:~ITTir!>::"' lhe e.ffo::<-ts C,f 1J-ie he1-l.:11Cld8 2. ''--':rh1,-,,-, ,-,!,,,,,,,,,,, -- '"J 4 ('-, 4 r·, ·. - n tt-i" "-- -L·,_:::,,-.,-·, ·· f ;.t.... -~ -- - '<=pre-· c ""fT1·<i"" 8F<,'f·1 -: - ~ 

2 7 
[1f\U\ c.o.1;J_~: :~.(·~;~~;~; ;_.r:re· ,, sn"'-,,,-''. ,",_a::•:re "' ·Jo' es 

0
' ~·(t;] ~c~~;~;~;;;i~,~~~i~:~~:~~f.~'j'.~=, ,~~~~~,~~~rfi,;!~~'1,~'~'.~,ii~~:11 '

1

~
1

-~ ,-. 

pr-eqn2nt rn:c:p 1,v-sr::.1 tc1 2,"t-C1 :=:tnd thyrnc1.__ H:~ offsprinq f,>:::?JT1ineci at 2 ·._,·,,iesk:~ of agE:·. 1\k-' sign1nc·:~.'i.nt ;ncrease in 
abern.1nt rearrc.n·~1~rncntE, ·.,11/Ft:=; iound. incJir::~at1nQ tS-1at under th~se •:::-·r.~1nc.!rtictl'2. 2.4-D 1joe.s:: not 0pp&·ar to e.\tc.ct 11-1is 1mport:-;.tnt 

is a.n undi::::ptltt:=·d per1.)>:.!S(.•tn'~ out PP's roi13 in c.;anc·er 1n i,jiffer.snt spsc=1~::; is tf1c ::::ubject c1f a ier~Jlt!rnate and 
·n~h-•rc,us sc,irsnt:fiG ·-=l~bt:.:L~. V S:t it is t.t;:,1tc:'sr·uteo'ths.t and thus ~~.4-[;;, are nsk factors for c::::1nr::::et- :n -..,ia.rious vertet:>rate and other· 
8.ni~ .. n~-:-.: :;;1:--.2c:1e;:;, if net :n human:==; 

F'()SIT\/E RESULT:=::'.:/ME 1 ~>-1AJ,.JISi'v1/PEF: 1_~1X F'F:Ci\_iF 
,_,,-::. :--~, T:~co L, f(r8.rner ~''.Vi, c:·l;nn1n,]t1:~_rn I'1'lL. P8rt=o\\\!, f\l\A. :~Q\J~'. E1iect 

~;~~~'.~,~~~-c~f;;~t~.'i'.~~~,~~.en~ in Bf(:~;;~~ rnice !i-...;:~~~·_in~'.~~~~1r~,.~~~i1;'.;1i·~,i ~Tl('dJS'31i:,/~~1 ~.~:-c::!':ogens fot ·~vhich C•f\lA hypornethyiation and S!lt~r,_od 
g,o;-ne an~ (1:;_ Th~r.:::f 1)re, th.:;: ;.:-·rdifer:=2J:,·)rs 2,4-dichiuropheno:o.::yacetic acid (2,4-[i), 
phth·;::111:::ite (CJ2,P'.!, ,~1er·nf1brc·zi\, :~'11:·:::\ "f'J ··t·1~1-e for th~ ab1!ity ro a.!ter the m~th\' !;:::t!ir=:·n ::ir1d e;~pr~ss1c>n ._=·,f ;:f-1.:.: c-myc 
p1,0t\~'or·1 1:'=):~J6ne. ~ilaie E6·-::~'._ •-::-1 1-nic·'2' ··."iBr-'3 ::;i.(1tT11ni8~ned fc•r 6 d:=1YS in their dir?t VVy--14,643 ('.:0- 1:{.iCJ pptT!), :2,4-D (-1 pprn), DBP 

;~l;'~~:~;:;d tc, b"" Lt-1~ moE,t .fl.ii f•.)i_ff:;~,~;1:~·~~:~~~;~·~·,ecyveen !C 3r:~~f~~~~;;.T1. The ievel of th~=;~::~;~~/~~:-;;l:~~~-~~~::s ir~'.~;~e!~~~j '~Ji~l 4 , 
4 ..:j.,(:4~ \!\lh~n fern~~~ 86.=:::jFi iTJl•)C re,:::·>ji\,:ed a b.1i.10--th1r~.J::; f::'81tiaiiy hBpat>:'CtCHT1y si.r;d ! f-i 
!~1t•2i- '._r.rer,·~ aJ:i:ini;~.ts:>::d ·~~CtV8.Q:.:, ,,:J U-1:7 'J~onc' c.r:;.::;ur-rec1 24 h i:o:il:er. Hyp.)rnethy!atk,n .,_,vas n~=it 

l_)f thB c-!T:;rc 9ene ;,vith1n 2-4 f1of2clrn!nisterin9 
a sh;::-trn X•Prc<t1c1n ;:;upporG th.'::' l1y~othes'rs that th2- per,_,x·1somis prollferators f:1 r~v en! 
c·•f\JA :-~1::i:c2t1c•n 

::.;,c;icJ ~-·<::rbi•::::iC6.S c::::-~USt';'. pe:-oxi:~:,~;iT"k/ prciiifer:~t!Cin in C;f1in&c::e h:J.rn::::.ter"S. ::'.:.:cand, 
_P.r; inc~-8:3.2.<:· in e:ther tl':.· s1::::e ,y- ~cr;r:.unt of pt.~rc-·:~~c;r-r:s:; ,~·11:::-1s 1

-:
1 l:Jt2in8d in the liver cs!i·~ 

thsn ivi(~PA in :ncreasin.:;1 the nun1ber 
t\-;c p1.~r-,~·:;.,is.c.rnc::-. tc' po;::::~e:~:2. ·~=:.:o.r l~:tnogcn1c pr'-~ pt7rt'r~2- 'fl 

'n:lµ,-:tc 2pr_·.,:·zir8d b:) be stiii r:K;re. !=")t'7nt in inr:iuc1ng pc·r•:i;< ~:crne f=•roi!f8r2i.Li::<n t!1:~~;1 either ·:•ftf-1e h.:'tb: _:ides ::;tudie-d. Further 
218 \M:~~T:~;nted tr=, ..:;:Jarify th~ Si 1Jnlfic2nc~ (<°f to the tC<.-<:i·~·ltV r:.•f hBibiCid'2S . 

p:-1 1.::;spt rng/kc1 
ch l•:'trei pn8nci:»· .. Ii '.!-2- rnsthy lpr op !•)n:~tt>::;]. 

. --r.:-;1,c1:1c.Hmo. =~nd pe~-c·:1,1::; .. :·rn,:· prolifera1c•n 1nciuced 
_:, Hieta.nen E, f·.,1l:~'!Jni~n1i J, Peiton~n r--=-' 

hl~~r·bicid~:_;. 2, i1-dichlcrophenr):.,:~.' :3cet:,~: 8_Cic! ::.2,4-[1 )(100-21JC1 

',.f,/ti, :~_nd '1:Vith thr:> che~-nic~diy rjiffertent giypf-1(::';::j_It.::: 

'•.1V8S USGd (~~J~ ~~~~::;.~~t~,,~~~~,:-t~!~I~~ n1gik9 body 
·vn ~.4-[1 3.nd HC: F .A h:=-~,j ::;2v 2ral ~ff,_7,_is :::::r-ndar to t[1,J::::.2 ,~,f dc,f!br:::-1te: 8.i! 1t1r•.:O<? C\.:.-.n-1t:,oun':~::; indur_:>ed •:if 

cJ·~·cre:~:t~.,:,,_d sen.trn iip\d i,2v~ 1,::-~. ·~,_ri(\ incr'2-826d \-1ep·.~t"1c <Atr:1t1r.e ~1G"='tv~ransfer.3se and cai:al.as.'7 a•:::tn•it\B&. ·2,4-[) anj 
bt~t n':-t ·:l•:,fibr-2t>:7, <:J,:,,:::rea:=:::e.J ilf)O\=·r- 1:~t~rn L1s:~::_Je t.) 3[,01.1t a u-1in_~ of the control vaiue but did n1X 
tr·:.~ i!!>)prct.=.1n iips:::,e activit/ in the f··1c:=.lrt n-1uscie ·rr-;'°' ,~:2ta sue-_,,,,, 

·c::nc1nr_::-1ct~-1Eo ·::.:tc1 ra.SiP of penpf-1en:';_i !ir:·id:::, :n '"""-''"sc-
c.=-1u'.::.~;~i P,C· pr 1Jliferat1on ' . .Jr 
b':'·t''i·iG-·:.-n r,f-1c:cnc\.:<y :::.:.1~;1d ~:f'1·bic:1de::: ::_:;_n·=~ ,:::·: 

~r~ta f='harTrl8C'l.~-i T'Y'~ii:::·c,i i. r:c op8nh ). i 9.~!:3 '" '-'" ~, -v ! • 

bintran~.fC.iTnatiC•n :~t,:tJ\i!t:~s in the r-at. H1~tanS'n H 

c:::tus.~ h\tp•.::.,nr.ir=j.~rnia net by 
incr22:::.1nq ut1!i:::2t1on in thf !i\,c8r. i:~1i:...-pi'l\)S2te. 

are 8SS·>~·iat~d '·Mith u-1,? :;tructursi ~.ir-riil2rity 
-1 for !\'lEC1 l...W~E] 
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Th~ eff-s··~·t~. 
·:ok1fil:rr--a.te. :J_nd ni•,,.,-,:y,,, '1'

f,_:::1r :::' 'f./S•:COk::; 
f"!ep2LtlC c·!'•O.·'.i<.Ci~ ,,,,,-,,,-,,_,._,,,_ 

ac-tnntis~ ,- +- ~trK••'.•C••C.,_:r: .sr-

ac:tHr1t:es 'if<le~·8 t;:tud1~,:; in 1·a_t~ 1nu.:'lc:~,:s:n-~2!i" ~.1<;~·c 
,,-,.-• .-c ''' ,,,-, -~t::'".:::'ut 2-fc1id '•Nith !',,•11.=-_:p r,_ 8r:iti': ;~,4--[:1 an( i·./-~~:-:=· ,~, :· ,_-·1·0~~::;~,=:: t~·-,,

[,,1/C:·F ,I.';_ ai.:0 1 ) :·-1·::~·ca:::,~~-~; tr·1~ :nt~s11nsJ 

s_s~d ttrc7 t'i6p9IJ1-::· l~\,'e! of 
~:-lofibr·a1.:: ·:i~·~:: ~-a~::":'d tf-;2 

Al:~~r_::-, 2_..::.-c:·, deco::s-~.e-=i 1J1.:
:::r·=i the !r:tE"stinfa': 2r::ti"«1 ltief,~ 1~/ 

:::;ub;::;t1·3tt<. Th;:; rS":':.!jt::; i!"Kli·:=:at~ n-12;: nnH'••C· ,,--. ,, ___ ,, .-
h~: ·,. 8 ;~ -=,;:·~n~ <jrf0c~::- -:.i~, ~-·.":: ;\1~.t:::C·- 1::>li·.sn·· n.::-;~ L)-1>:-r-ni .. :·:~J1y r·el::oite,,j tc, 

oe•-iE•C:s l:n; 
,-"""n,-,,-,c-:•~'-'' 11 1-= -i-·-'::i.1 i":?J.'t::;, th~ 

n>:j 1::_1pl:?,'._c.i2 ·.:7.c. \•ue'.i ·a:_:. or1 selected t-.jc,..=:h.:-11ri1.:;a\ ps 1-[ttY1~tet--:·'· ·,,v21s ~:tudied_ t\fte_:< 
\.~..-.~re sub:::_;-0qu1:-nt! y tc• :~t :;e!ec:t1cn of 2-

rri•.::_kl!F:< 1.Jf ths 2-;'"'_AF tr;:-a:rnent. 2 nscro~i8nic d<::.:~e ,~f '~ci:rbo:-1 tetrachi,)nd';°- ~'L 
015.:::.:~ oerfiuoro·>~t::y_nc D t~150.1:~ ~-:,4-

l :O-;:f :;:-, t'l.-,.,,,,_ ~ 
and 

[,1 '.Ji\Jup:~: in r:·(,rnp:~n(~;, ~r-, 

r··J A_F and f=-'F C1 A. 1.::::S;.i~se =i a_ 0.)-:~~nd '.:.'4- ,_,J.=f 1: F.::1-~:~J_:~.e :nti;~ bera-rY<icla~101-; :~'~ fctt(\.' :~~cit=:~. r-t7::::peon ,1sdy, t)Ut 
incrs:;:-,:;::::8 :n the cats.i:~-;_E:"~ actrv1tv I ' T 1N'2rf". i 1-iuch \i::~:::; ·acti 1.1 e ·1n t;-1\::;. rssDEcci: sp1:1ro--.:ir-natel j/ a 

d·:=.·utd:n9 1n the rat<:-o: Clf fatty 2 1::::1d c c1f D-~,_rnino ac·id 3nd gl;.icl.'.:.,iate 0>-'.1das:::_.:;s ',/,_.'srs ::;1gniricantiy !1eDr•ocscd 
·,r,.'hcr-':':'z~:::. th: LK::O-:t.1.t:" ,:,,'"'.1Cla::;t2 !.:-0 \-'Biz, '•h'Si-e by tie \\l.:'i_F ·a.nd PFCl.~. treat.rn.:x1t. T'r-F:: FF-<Su\t:::=. sucn1':-;.r::.tthat L'--re s~l·~<ti"<.'( 

ac:i,j -~);-:.1daton is •_;.__•· :::::i:=;'LGnt \f\!itr--; the r-1}/p(1thes1t:: th21t irnbsianc;•,; [,;1;'7t\L•/f.JCT; H2t-=l~~ (J;r-s;produr:t1on and it:::. ::·1du.::::t1r)r-; uf p13r,2;,;i::;:orn=~I 
riBStlLK::ti•.)n r)c_JLJid play 8. roif' 

_A_bstn.2c;t The ef{·ects of th.::1 hepatic per"<);-'.iscirYiE-; pr-olif-er-at,)10 f,.'-iPP.':;) ·-~Aofit:ra.tB-, r)\·-\?-6tfly\rre:.<.y\)-phthal:::te (l)EHP:!, iTHJnc,-(~:'--

e:-thyih~1;_1//)pi-1thaiatB snd ac::0Li 1:' cc.ck:i (2:·1-D) ·~-'i--~ the ac-t1·.,,-it!E"s of ~:c,n-:e. ,3n2yT;:·~'' 
~nd n121i:.:';r for c<'U--1er eri-(;1a.nelit<:::: .. :-12-1_\1;::,_ r)een .st.v:!i.Dd 1n ~''.'.rcrar:._; S:ir1T2x1 harnster ernb:~1,~r.) {_2.h'C-) c·s\\-s: <:-Jnd \~listar rsr .,,,,.,,_,,-

i, \f'./F~F) c·2dis rnsj,)rit_V of the (~~lis are fitHoL-:du;:;t-likE'. 2,:-~h-i_·--·,_·.=.:~_._; __ r.:~.'_r_.;~,·--~~-·-' .. _~_"'_1·."·v:-1;,~1'.~_:_ic-.. : .. _~:~.1~---·_-_:~,)-·--!,.: .. ,.:_1:~-"'-~.=._'.'."=.•.,:·-~~~,,~v-_:te CTFJ:i..:1 iJ,_1as inc.iuded a:::. 1t ha:; be~n 
cu,z;ec,Iec: tiY:=t.t it rnay B<::-;t s:~. 8 per0:-<isc1me -. ·~ , _ . , _. '"' - '~~: .. __ . '--'-LL 1: 0 ::-:.id:~e- (F AC•:1 :~_ncJ 

;:,8:o;.-:.isor·n2U b2ta-c>:id2t!.:1n >Ner-e 100-l·:iid kA1vr3: in the 21-r-:br~/oni·~ c:ellE: tr1an 1n rat h7patocyte::o CJther p~r 1);·:isorne-
~::;:::_:ociatec! o::..:.i::::Ja.ses V•i'·-3'f-e f'ii)t detected acyltranst6ra8e (L:+--\.AF'A_T) wa;; C•)rnpcii ab!e tc• tfi:::-1t 

"''"t:""'' titration tD be C'Cintained in a 
Lh>? c0Iai:?.~.e acti v itv. 

:::~[1'?c:ific 2c·t:v1tit=<~: cor·nparable tc1 rat hep::tto-~:yt2:3 1 =.~at::.1lase '11v:::-1.s ::c.f-ir:<'/~T; 
en-,• .. ru.c-,s-iiLs ,,,,,-,;n,-,~m-,-e,-,, in both SHE :and ·'l1VRE ce:llc:._ »~"':-k:•fr!Ji~ttc~ [1EHF 2-:nd MEhP !na-sa.ss;:; 

H''.)lf'/e-,Jer, the findinQ::::: that F ~/:)and per-,_);<t,~:ornsi bet-J.- 1: .c'.idE-it1~::-1n ,=J~-.::l 

prciitGr;31ion_ ~'.,4-[J ·?,nd \T'_i \n,ju >=<'. nc or a ·,/i:_:Ty s.li9f-1e_ in•:;i-tea.se in th~ 


