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The Acute Toxicity of Chlorinated Hydro­

carbon and Organic Phosphorus Insec­
ticides to Livestock 

By R. D. Radeleff, George' T. IYoodard, and IS'..r. ::\ickerson,l veterinarian .• , 
Anim.al Disease and Parasite Research Branch, and R. C. Bushland, entomologist, 
EniomoloUY Rescart:'h Branch, A.griCllliural Reuarrh Service 

INTRODUCTION 

S111C(' 1947 thr BUl'pn.u of El1tomolog.'7 and Plant Quarantine and 
thr Bureau of Animal Industry (no\\ Entomology Research Branch 
and ..Animal Diseas(' and Pnrnsite Research Brane'h, respectively) 
hay-e brrIl conducting cooprratiYe ulY('stigations on the to~icity of 
crrtn.in insecticidE's to liY('stock. 1'h('s(' studies haye coy-ereel the 
insectieidf's dpyplopNl for comml'l'cinl llse siner 1940. 

Portions of these studies lUL',-e been published from time to time 
(3,4:.1,), lri. 17, 18. 19.20.21)2 hut it 110" sC'ems desirable to have a 
compilation of all the data ohtaiJ.wd concC'rning the acute dermal and 
oral toxicity of these matl'rials. 1'lll' I'xpprimputs 3 reported h('re were 
conductNl at the KpTl'yjlie. Tt'x .. laboratoric's of the 'Cnited States 
Drjjartmellt of Agriculture. 

The experiml'ntal approach wwd in tIll' innstigfl.tions at Kerrville 
deyii1tl's some"hat from that of J'l'Sl'ilrchl'l's who make use of labora­
tory-sizl' animals and siriy(' for a cl('arcut lIwdian Ipthal dosage as 
their product. Our obj('C'tivp has hp(,11 to (h,tC'rmiue the maximum 
dosage tbat might hp applied or administered to an animal without 
proc1ueing ob:;(,1'V'I11>lp symptoms of poisoning, and to determine the 
mUlimum dos(' that mi2:ht bCl ('xppctrd to produce such poisoning. 
The numbpl's A animills 'a.vn.ilablp for our I'Xpl'rimellts W{,I'I' fe\\-er than 
we would likt-. hut We' l)('li('y(' we have obtl1ined pnougll data to incliciLte 
safe dose'S for lin-stock. '­

,",1151e ollr primary COlle('l'll WtlS to p:5tah1ish sn.fp closps of insecticides 
t.o apply l'xtprnn.lly for tl)(' ('outrol of parasites feeding on animals, ,,-p 
also attempt('d to <lpterminr tIlt' oral dosrs which might cause poison­
ing should an animal (ll·ink ilLspcti.cidn.l formulations or othel'\vise 
ingl'st th0 insN,tidclt's. ~Iam- of the ins('ctieides discussed have not 
been r('co1lll11Pud('cl 1'01' liS!' on animals, but may }j(' aYll.ilahle to them 
on tl'l:il.tr<l f('pds, or throllgh ('ar!'l£'ss stomgf' of ins('ctiC'ide c'onepntrn.i('s. 

1 Dr. Xickerson rpsignf'd from th£' Bhf"(Ltl of Animal 1 ndu:;t!'v in H152. 
, Itahc numbers in part'ntbeses If'fer to Literature cited, p. ,10, 
a Portions of the experimpnts reported in this bulletin were supportrd by ~rtlnts­

in-aid of various amonnts under fOrJY1l1..l COOIY~rative agreements between the 
Department of Ap;riculture and the following industrial groups: William Cooper 
and Nephews, Herculf'S Powcler Company, Humble Oil and Refining Company, 
Julius Hyman and Company, and the Yplsicol C()rporation. 
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The potential hazards of GOntillll('cl eXI)QSl1l'(, of animals to insecti­
cides, and the l'esidu('s app('a1'ing in meat and milk following treatm('nt 
with 01' ing('stlon of thesr insrctieicl('s, ar(' discussed in other reports 
(3,6,17,20,21), 01' w:ill1)(' cliscussrcl in the ]1('a1' -future, 'ellis rcport 
('oncrl'llS OlD)- the acutC' oral aucl dNmal toxieit), of th('sc insecticides, 

GENERAL CONSIDERATIONS 

'1'oxieity has b('(,11 d('flllC'cl as th(' qua1it)-, statC', or clC'gl'C'(, of l)('ing 
poisonous, amI a poison has b('eu d('finC'd n.s n,n ag('llt whid1, \\'hC'l1 intro­
ducNl (C'spC'eiall~- in smnll amnuuts) il1 to n,n organism, ma)7 produGe an 
injlll'ious or d('n,dl,\- ('fl'('('t. Thl'sl' definitions \I-ill hC' aecl'pLed for the 
pmposps of this l'P])ort, pn,l't iellla!'l)-in that (h(' \I-ord "toxic" will he 
11S(,(/ to d(,IlOtp allinjul'iollS (,(1'('('t, Wh('tlH'j' l('thnl or not. IJetha1ity 
will 1)(' stn.tpcl in ])ositi \-P munn('l', 

An ins(,ptieidC' may gaiu ('ntr\" illtO the' lio(I\-l)\" ,,-n,\" of the rligpst.ive 
trapt, tIl(' rC'spirn.tol',\- tract, 01' thl' fkill, Tn til(' ('xpC'i:im('nts cl('scri1wcl 
in this j'('po]'( on],'- two rl"",]llll']S nl'(' invoh-('(1 --t11(' skill nnd thl' cligl's­
(in'trn('t. 

Th(' toxic' pfl't,('(~ of 111l' ill.~('(,ti('id('s di~('\I~s{'d :1,1'(' (,X('I'I(,d PI'illlf1l'ily 
ufU'l' n\):::;orptioJl from th(' ~kill or dig<'sli\'(' S,\'"t(,111 hn:::; ()('c'lI!'I'('d, Tn 
lllOSt. if llO! all ('asps, 1l01'1ll:tl 1'111I('t iOlling o/' ('(,I'lain t issu(', ('spc'cin,lly 
tlwt of (]l('llPITOUS sy~!pm. is impni,'('(l,lt·n.clillg to 111ll11(,I'Oll:::; S('('o11(1n,]',)' 
I'fI'('cts. \\lJil(' it j~ po:::;sihl(' rOl' ~om(' of thc'sf' ('ompollncls to pl'oclu('(' 
clin'cl irritntioll of (]J(' C'pitlu'lial ~l1l'fn('(' of th(' ~kill :I.lld. digf.'sti\"(' tract, 
it is ollh' ill o('('llsioIlUl ('t1S('~ Ihnl tltC'\' :U'(' ohs!'l'\'('d to (lo so, 

Om llJld('r~tlllldill¥ or thp PI'O('('S~ h,\' wlJi('h thC'sp ills('ct]citlt's H-I'(' 
nb:::;oJ'1)('cl frolll tll(' skill or digc'~[i\'(' II'ac'! is by 110 mpn,lIs ('ompl('(I', 
1t lllny 1)(' simpl!' difl'usioll: illdt'('(l, illi~ s('pm,; inlJlOlhl.lll 10 n.t I.'ast 
tllp illitintioll (I/' tIl!' passng!', .\hsol'plioll muy Inke, pla('(' ill n IIl01'l' 

('ompli('nt(,d 111:1.1111('1', Sll('h :1,; l('lIlPOI'HI'." c']wlltic':ll altPI':lliolJ, 01' ('ollju­

gation "'j III llH t mal ('OInpou;lds in thp hod,\'. 
'Yhnt ('\'1'1' Iit I' jll'O(,e'S';, tIl(> ptts';/Igp i,; UC'('oll1plisitl'd rnpidly. Sym p­

IOIlls of poisollillg itH\'(' np]lC'u)'('cl ill OIl" :tIlJIlI:tlS in n~ short n filliP ns 
fi minulp,; nfl('1' tJ'Pu!lllC'lIt, hilt most fl'!'«ul'lltly \li!hill :2 to (j hOlil'S, 
Pnssng'(' SP(,IllS to hC'!.!in tltl' 1lI01lH'II( tbnl ('ont:lI't i~ mnclp \I'illl till' 
skin 01' dig('sti\'p !H(';nl>r:uw awl ('ol1lilll1(,S 1'0], n pl'I'iod of timl' suf­
([('i('IIL 10 (lXh:lll';l tl)(, inlll1C'dint(' sUllply of illsp('[i('iclp unlC'ss d('nlh 
hy J1oj,mlling (W('lIl'S bdol'(, ubsol'ption is ('omplptC', Ex('('ptiolls 11:1\,(' 

b(,(,11 llofC'(l. Fm' ill,;tnll('(', with c'Pl'tnin ('n!l}j)OUIHI:::; ('\'ici(,Il('(' of 
lo,j!'ity mil." nlll np]lC'nr unfil sP"PI'ul dny,; urlpt' c/('['l1Iu1 :lllpli('nt ion, 

Tilt' 1'[\ t(' of tliJsOl'pl iOll of in~('('t iC'id 1''', ns o/' otl\(,]' ('itl'mic'!)l:::;, i;; 
inllu(,Il('pcl hy Ihe' physi('HI stHlp of I It!' (,OJllPOlllHI. Wp obsC'J'n-d jn 
n. seJ'ic's of e'xfwl'im(,llls willt tOXlJplIPIlC' tllill ('llllllsiollR W('I'P ubsoJ'hrcl 
mOl'(, I'npidly IIHlll ~1l";Jl('nsi()ll'~ of \lp! t H hIe' pO\\'c]C'I'S, f<jm ulsiolls 
contnining (DIUI'll£' \I'PI'{' nhsorlH'clIllO],!' I'Hpid1y tltnll those' ('onlnil1ing 
xvll'lH' 01' kl'],OSPII(" III lui'll, tJlOSP lIIud!' "'it It x\'1[,1)(' \\'('1'(' nhsOJ'lwd 
Jl10J'(~ J'llpidly Illnn t"()~·a' ('olltninillg kf'l'()s(,Il(\, 'Ahscwplinll \\'IIS c/(.­
t.c'J'l11iIWd hy (be' lillI(' fJ'()1lI tJ'l'lillll(,llt to OilS!'! of sylll]JtOl.~lR, Among 
litp \\'{'((abl!' P0\\,c!PI'S lls('d ill OUI' ('XIH'I'lItH'lIls llO signiflc-allt difl'(,J'('ll('PS 
WC'l'{, lIotpd ill Sl)p('d of uhsoJ'pt iOll, Ohs('!'\,n IiOlls WC'I'C' Jnnd(' whrJ] 
toxnpltC'ne groulld willt II ",<'ltnhl(' clll," ",ns used \I'HIt no nclc1('(] 
wrUing agc'nt, wil h n lIloc]rrnt,r nmomrt. of weLting agent, n,nc1 an 

• 

• 
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• 

excess of' wetting ng'('n t. Thrrr \\~('I"r no difT('J'('lwrs ill loxieity 0[' illl' 

lhl"(,(, powclrrso ~ ~ 


Althougll tJl('J"(' an' J1](,Hg'('r confirmalory ria tu in lItt' jlllhlislwd 

litprntllrp, dusts of iIlS('('ii(,jcjps nl"(' probably nhsol"l>!'d to :1 l('ss(,1" 
('xU'lll llw n SllS])(,IJsioIlS, l'tl1111siIIIlSo01 0 Roll! {iOIlRo

It must h(, PlllplltlSi/\('cl [hal nlthollgh tll(' Sl)('('(1 of :IiJsorplion is 
infiuell('('d b~' lilt' pltytiielll statl' of a ginll compound it doc's nol 
follow thut t h(' tot al Hmount of i11S('('(i('i<ll' absorbed is similarh- iJl­
flu('nc('(lo That tile total amount ahsorhNI from emulsions and from 
Slls]wl1sions is prohably the' same is shO\nl ill the l'xpPril11 ell ts rt'pol"tNI 
in this publicatioll, in that formulations, WhPll used at i(lpIIticnl ('011­

c(,lllriltions on similnr animals, show no signiflcun t difi'Pl"Pll(,('S ill 
toxicitv-l1rst OIlP and theu the otliN° heing slightly mOl'e toxico 

o 

The rCjuinllPnt loxicit~· 0[' Pll1ulsiollS alld snsriPllsions may 
, 

lUl'n' 
I wo possihll' l'xplulltl tiOIlSo The amount of ins('('[j('i<1e clpposi (cd 0]\ 

the' huir of Ull tlllimnI may 1)(' gl"PH tP1" hom n SllS])(l11Sioll than from an 
emulsion h('('.!HliW of a filtl'l"ing actioll of the' hair COftt, \\"hil(' tllp ahsorp­
tion of ins(,f,ticiclp into (ill' hod,' mny J)(l 1ps,.;0 (lIP comhilll'd It('t ('iTp('{ 

heing eqwll total 11\)sorptioll illto tiJ(l body nIHI Njllinllellt toxi(·it.\", 
On tIl(' other hand, tll(' amount of ins('ctiC'id(' (lPposited awl tI.lP 

amount uhsorlwd ma~' 1)(' fully PfjniYtll(,llt illitinll~', 111 which (',11'(' tl1(' 
pqui"alent toxicity \\-oul(l Jw l'XPP('(t'<io Om jll'l'SPll( data do no{ 
l'l'solyl' these possibilitieso 

• 
Jf we "'('1"(l to put tbe' Sfll1H' llumflPl" of grums of l11"pc'(i('id(, UPOli 

similar animals, using tllPse (wo tYIlt's of formulatiolls, some dif­
f('l"PIlC'('S in uhsor"ptioll might nppl'Hro IYl' han' OliS(,ITl'd littI('o if 
any, differellce in (oxi("i ty lw t \\"('('11 emIllsiDllS a lid SUSPl'lIS101l;:; ~iY(,ll 
nrnlh~, In gi\-ing insecticidps to Inboraton° tlllimnl;;o mUIl'- wOI"k(,I""; 
hQv{; o1>sPI"\:('(l widl' diift'l"01Ho,·S ill toxi('itY":.H'Pordillg to th~' physi('tll 
,:;{ntp of tlH' inspeticidro Eh- nwl ~Jo()n' ('Ii dPllloll,.;!l'nlpd ,.;iglliIi('unt 
difi'('["pn('t's in tllP DDT tOlitl'llt of milk from (luiIO, COtl! tIl' \Z-lwlI t lw 
ph)'sictll stMp of tlit' DDT udmiui,.;t (,/"I'd WlI"; Ytlri('cf. 

R('gardll'ss of t Jll' di";Jlosit irm l'H'ut nnUs llHH\(, of tIl(' dpbu tp WI' 
mu;;t 1';1('(' t ftl' jol'!lli tl(,s o(fl'l"l'd by t Ii!' pt"C''';C'llt ('x]H'rinH'JII", ill wI! i(,1t 
('quiYaleut {'otH'pnlralioTls of iI18('('(i('i([('" in ('[tlul"jol1s O!" ,,;u";llt'n,.;iolls. 
lwyf' prot/m'pe! upproximutl'ly C'fJuinilPllt toxi!Oit)' ill ('qt1ully :-;11";­
ceptiLk animals. 

In dpscribing t Itp d!'I"JIlul-tl ppli('a t iUIl eXJH'riI1H'I1(s ill [hi;:; j)lIbliC'H t iOll o 

we IHlv() ('xPI'PSSl'd tit!' do,.;u!!;\' ill tpl"lllS of 111(' jlt'/"!'PJltl1g'(' of tlt(· ill ­
,:;eclil'idp ill til<' ;:;pm.\" OJ" dip Ilspd. 11l ,.;omp way,.; thi" Is nil C'llIpiloind 
dosage inenjHllJlp of tu'cumt(' llI!'tl";lII'PflH'llt 1)(·(Ouu,.;po ,lllllOUgll till' 
animals W{'I°(' thol"outrldy \\·pUl'd ilJ ('Y{,I'Y ca,.;p, thp HIllOllllt rll/ll1il1'" 
off durillg' spraying- t~l!( draining off aft(:r l'i{hpl' cliplling 01' :;prllyillg 
was a yul'i:lbl(' CllHllltityo TlH'!"P will nl,.;o 1)(· ot!]('1" difYpJ"('II('PS, SIICIi 
liS ill tlw Ipllgth of hair of various lUJiIllU);:; Ulld ill tILe lIl<'llio<is of 
nlrious oJH'ru·tors_ TlwL tlH''';(' yariuhlps IUO!' of IlO gn'ut ("OIl:-'Nll1t'IHOP 

is pXl'mplifjp(l by thC' gl'llpnrl llllil'Ol"luity of J"Pslll ts ohtnillP(l n t goin'1l 
(OOIIf'eu(nUiolls of 1I1S('('(i('i<1(>..-;, 

• 
One ('x(,pplioll of ("()IlS('qlh~Il('(' to this 1I11iJormily of 1'('SlIlts has b('el1 

fOlllld in thp tJ"('atnJPllt of Hnimals by dippillg' in ,"uts Ol" tallks, par­
ticulnrh" Wh('fl Plll1lhiifiuhlp mU(('loin],.; lIrt' u;:;pd. Illitial studi('s 1)\0 

Rnup](,tr,4 ill whiell :I nulio!lctin iodill(' (,OIll]>OlIIHl WtI,.; IIS('(1 ns on 
• ("npuHb!lt'd datu 
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label for emulsion particles, esltl,blished the importn,n t poin t thn,t as 
the pm-ticles incren,sed in size (the concentrntion of insecticide in tIl(' 
emulsion remaining uniform) the nmount of illsecti(']c10 deposited Oil 
aninlal hair was increased. This was not a new eoncept of insecticide­
emulsion belmvior, t.ll(, mechi1nism having been llsNlhy entomologists 
for mnn:r y('nrs to ohtain deposits of poisons on plants by means of 
emulsions eomposed of large particles, oHen called quick-breaking 
emulsions. The e:q)eriments did mflke us a\\Tare tbr.,t the principle 
applied equally for emulsions used on animals, anel did ])elp Lo explain 
the losses of eattle after dipping in emulsions of inseeticides at con­
centrations known to be safe when applied as sprays or fresh dips. 
The increased deposition will occur from any emulsion, whether 
used as a spra·:r or as a dip, bu t is of greatest importance in dipping 
because in this operation the animals pass through hundreds and 
frequently thousands of gallons of emulsion while traversing a vat, 
and may extract tbe larger particles of as mallY gallons. 

When an animal is sprayed, it is e1q)osecl to a limited quaJltity of 
the emulsion, generall)- not exceeding 2 gallons, depending on the 
operator's judgment of \\"ben the animal has been thoroughl)T wetted. 
The sprayed animnl is not exposed to more insecticide than the total 
amOUll t ('011 tnined in those 2 gallons. An exception is when the 
emulsion is allowed to "el'eam" or partially separate in the sprayer, 
thereby· iilereasing the insecticide content of one portion of the totu1 
VOh1ln8 at the e~"pense of the other portion. If insufficient ngitation 
follows this "crea.ming", some animals ·will receive a reduced dose 
while others ma.y reeeiYe a toxic dose. Sparr, Clad~, and Vallier 
(22) demonstriltecl under praclical dippillg conditions that a stable 
emulsion is required for saf('ty and that an increased pm·lide size 
increases deposit.ion upon catt](' hair. The ra.te at which tJw particle 
size and deposition incr('ase are in tlll'Il influen('('d by the composition 
of the formulation find prohnbl:\- by other factors. 

B('('nllse of the inHuenee o1'partidp size on toxicity, it is not sufIicien( 
to hflye a method of n('curately determining the eOJ1c('ntration of 
inseetieidc in a. dip or sprny such as hns been dev('lopNl by .Li a]er 
(12) and hy Bowen (2); S011l(, knowledge must n]so he had of U.l(' size 
of the emulsion partiel('s and of tbe 1lni1'or111ity of the emulsion. 

~lanufa.r:Lurcrs of illspcticide formuhtions nre g<'lll'rnll)' aware of 
these effO(~ts nnd ha,'e tak(,ll steps to provide emulsifiah]e ('oncen­
trates, whieh form emulsions th:lt remain stable for long p(,l'iods of 
time. In spite of this, cure needs to he ('onstnll t ly ('xrrcisN] to set' 
that. the emulsion is of proper sta biliLy alld ('o11sist('l"j(')' before spraying 
Ot· dipping is begun. 

It is f(,asible to condud experiments ill wilieh the dosage is ea.re­
fully appli('d to the skill alld relat('cl to hody \\'eigh t. Such ('xperi­
ments yield accurate comparisons of the toxic ('Ife('ls of insecticides; 
however, even ",Hb sllch daJu. a.t bnlld, we are still faced \\"ith tbe 
evuluation of tl.le toxicity of the compounds under praeticnl con lrol 
conditions wh('n used b,T fa.rmers llnd rnnebCl"s. 

Toxicologists lla.v(' long recognized the vnria tio11s in toxic!!;,y of 
IL given compound due t.o species of animnl, age, general healtb, llnd 
idiosyncrasy. The pl'('sent insceticidps are 110t ('x('('ptions. 

'l'11e useful ins('('llCid(,s d('yc']oped sincc 1940 mlly be classified into 
two major groups-the c-hlorilln.t('d hydl'oenrhons llnd Ule organic 

• 


• 
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phosphorus compounds. The chlorinnted 11ydrocnrbo11s are typified 
by DDT, TDE, methoxychlor, BI-I0 (benzene hexachloride), chlor­
dane, dieldrin, aldrin, hpptachlor, endl'in, isodrill, toxaphene, Stro­
bane, Dilan (C8~708), and Perthane (Q-137). They may be divided 
into two groups ac{'or<iing to thE'ir acute toxicity for Ii,'estoele The 
group of low order of toxicity includes DDT, TDE, metho~J7chlor, 
Dilan, and Pcrthane. . 

The insecticidal actiyit~- and mammalian toxicity of chlorinated 
hydrocarhons arc so clepC'ndcnt 011 molecular structure that rearrange­
ment without addition 01' rcmoyal of atoms (isomerism) may com­
pletely nullify the insecticidal acth-iLy, as well as alter the toxicity 
to animals, 

The ehlorina ted hydrocarbon insecticides are principally neUl'oto~ic 
in their actiyity, and g(>nerally produce a diffuse stimulation of the 
centrnl nervous syM(>m, resulting in numNOUS neuromuscular e~Jlres­
sions of that stimulation. The slllall quantities 01' a.bsence of these 
compoul1(ls in the ('cniral nE'ITOUS system during poisoning has been 
a subject for conjecture. Some workers ha,-e h31)othesizecl that a 
second, 8ndogenotls eompound is produce(l or released which is the 
actual toxicant. Stcrnlmrg and Kear11s (i?4) clemonstraJccl such a 
substau('e in DDT-poisont'd roaches. 

In addition to the neurotoxic cifeets there ma;v be deleterious 
effects 011 tIlt' fUllctional elements of the li,-er, kidneys, and other 
organs. 

The organi(' phosphorus compounds might appropriately be 
classed as inhihitors of ('lioliupsterasE', sin('e all members of this group 
nppMr toexpn'ss their primnry llctiyity in this manner. '1'he organic 
phosphorus compol1nds dis('ussed in this public:ttion arc parathion, 
EPN, malathion, Dillzinon, chlorthioI1, and Bayer compounds 
L l:~!iiD and :2liHl9. 

B(>~'aus(' of tIll: lurgp yoIume of duta to be presen tl'<l, and becuuse of 
the gl'OUp similuritic's of symptoms un(! lesions, WP beliCH' thut it will 
makp for ·('ollcisP1Jl'SS tlwl lwlter uuli('rstnIHling to discuss the manner 
u[ applicutioll, lhl' px)WrinwIltal nnimills, and 'expe1'in1<'ntal technique 
for nIl eXIW1'inlPIlts Iirst ulld thrIl the symptoms and ll'sions for each 
of th(' groups 1'a(11(,I' tlltlll to repl'itt U1('5(, for €Inch compound. 

Animals 

Thc animals nspd jfj (hest' t'xIH'ril11l'llts were typicul fnrlll al11ma1s­
caUIl', hogs, shepp, goa ls, nnd horsps-in nYl'l'Hge 11('aI til and condition, 
housed. fpd, und curpel for HB furm ullimnls would 1)(' in the warmer 
s('ctions of the l:nited Slatps, without speciul isolation or other ab­
llormnl UlTangplllent. All were ft'pe from diseuse nt the time of 
trcntnl(>nt us <l('tprminpcl b~- dillicnl ('xuminations. The only pxeep­
lions to this frl'('dom from dis('as(~ w(,1'e among th(' baby c1niry enlves., 
which w('n' suhject to pntC'ric disoJ'(lprs just as nrc such calves wherever 
I'llised. Affc('tP(l nnimuls \\'el'p dis('unh·d from the tests when the 
dcyelopI1lpnt of suell disorders aftpl' 1. [,pa.tm('nt could in(!uence the 
results. 

It will he Doted (hut more duiry-lype ealws, 1 to ~ wepks of nge, 
were used ill lb(>se tests {hllll uny OUH'l' type or species of unima1. 
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We learned in the early stl1dies that such calves we]"C' fnr more sus­
ceptible to poisoning thnn w(,1"e other flU"m nnimals or other l.)l)('S of • 
calvC's. The]- to 2-wC'ck-old dlliry ('nH WilS UWJI ndopl{'(l HS tIl(' 
standard farm lll1imnl for toxiritv se1"(,C'1l1ng of 11{'W inR(,(,tipic1cs foJ' 
the two r(,llsons, highl'I" Stls('C'ptiIJility nnd 'JOWl'/" cos!. Ins('('tlciclC's 
tl~at.. ('an safd." hC' appliC'C\ to bnhy tlni!"y (,llJy('S at t\yi('l' 1IH' t\osagl' 
E'mployed iOf" inse('/ ('ontrol haye thus Ine been found to I1n\-e an 
equal or wider margin of safety for aU other farm animals ('xeept 
poultry. It is important that the l"('lld('r unc1C'rstancl tbat thC's(' 
cah-es aT{~ of a. speciik t.ype and age. Resistanee t.o poisoning in­
('reases with age so that older (I to 2 months) cnln's al'l' not harmed 
by the doses toxic for the V('I·.'- .'-onng. 

Materials and Methods 

Initial studies with eacL insecticidl' were gellt'l'aJI,\' ('o)1Cluded with 
emulsifiable concen trates prepared ill the lahoratOl·." and ('om pOSl'd, by 
'weight, of: Insecticide 25 parts, xylrlle Go parts, and emulsificl' 
(Triton X-I 00) 10 parts. Lat('l', other l'Ululsifia,hle concentrates W('1'(' 

used, as were wettable powclprs whell an1.ihhle. All tll(' wet{a!)lp 
powders were obtained froUl the mmmfacturrrs. Dilutions of all 
concentrates were prepared on a weightfweight basis ill tap wate/", 
using 8.3 pounds llS thr \night of 1 gallon of \\'alPr. 

Spray applica,tiolls of il1SPcticdes 'wel'(' mach, with a \,nt'ie't.\' of 
equipment ranging from thr simple garden-type' c'ompresst'<l-air 
dcyices to high-pr('ssurp o1'chanl-typr spm.n'rs. Ac('onlingly. tllp 

operating prl'SSUl'(' Yll1'il'ci from approximn,tply GO to ;)00 pounds j)('r • 
square inch. Since no difreI'l·)ltPs \""1'e not('d jn thp n'sllltl:l ohtahwd 
,,-jth the ya1:ious devicps, tIl<' compl'('ssc'd-air spriLyl'l' ,nlS US('d. for 
111()St of th(' appliC't1.1 ions hc'cause' it lWl'mi t {I'd UH' IISP of smnlll'r 
qunntities of U1SN'1 icid!'. EI1.ch animnJ spra,ypcl WfI." ",PI it'd ItS ('om­
pletely as possibk, th(' ojwrn.[ol' making C(lrtnill tlln.t the' liquid 
penetrated to the ski<:1 of nIl parts of the animal's 1>0(\.\'. 

The smallt'r n.nim:Js \n']'(' dipped in a portahle nw{n1 vat of 100­
gallon capaeity. Each animal was hdtl in 1lH' yt1.t long ('llough to 
instll'e completc' wpt ting- of nt(, hair or wool. " 

Oral dose's of ills(,<'ti('idps \\'(,l't' adminig[('1'('d as frpshly prl'pn.l'l'd 
emulsions or RllSJ)(,llsions hy llWltnS of dosing s)Tingps or slomH.ch 
tu l)('s. 

Obs('I,\,a.tiolls of th(' [l'en.l('(l animu.]s \\,PI'(\ mad!' Itt I'pguln.l', fn'(jl/Pllt 
int('rYals, diL.\' and night, for sudl p('l'iods as \\,Pl'P indiclt('(\ II.\' UH' 
pn,rtieular ('x[)('rinwnts. ::-Iymptmlls \\'('n' ],(,(·ortlc·d U,8 tlll'Y O('(,IlITPc/. 

and autopsies \\'Pt'(' (,01HhH'lpd !IS soon aflc'l' d.NIJh as possillll'. 
8('}('cl('(1 LiSSll('S W('I'(, pn's('n'pd for histological stud\'. 

• 
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• PART I 

Chlorinated Hydrocarbon Insecticides 

CHLORDANE 
Technical chlordn,lH' is n, thi('k, simp;,>' liquid of pungC'ut odor. 

For usc on liY('slock, (,1l1ulsifiahle conccl1tra.t('s, w('ttab1e powders, 
and ell'v dusts fin' a,yailahk. '1'11(' sam(' formuln,tions al'(, available 
for CraI) usag('. Chlonln.lwis ('ff('ctiy(' agn,inst n, lluml)('l' of ('cto­
pn,rasites of liY('stoek fit eoncl'ntrations of 0.25 to 0.5 pel'c(,l1t in 
emulsions and susP(,I1SiOllS. 

Thc ayailahlp dfl,la, on tlll' toxici ty of ehlordn,IH' [1;1'('. confus('cl h.Y 
the fact that chang('s 11a\-(' 1)('l'llmac1e in its manufacture, the product 
brcoming 1('ss toxic as dt'n'lopments took pla('('. For that reason 
the datiL in the tn,hks han bp(,11 diyi(kd into two groups, according to 
wh('thrl' or not tlH'Y \\"1'1'(' obiainc·rJ prior (0 195:L X 0 ('ssential 
<1ifl'(,l'(,lH'('S ill sY'mploms hayp 1)('Pll nolp<llwtwl'P]1 th(' two products. 

• 

T1w 1'('sults of singh' dp]'mal ltpplicatiol1s of ehlonlfmc to various 
ltnimals arl' ginn in tn,hk 1. TIll' s.nl1ptoms of poisoning in tlu'se 
:lllimnls appl'arp(\ in fI·S shol'l n. limp as ;)l~ hours aJtP]' tr('tt(mcnt, but 
most of tll(' n.nimals di<lllot lw('olll(, tlfl'('rtpc1unti124 to :~(j hours aft(']' 
spraying. D('ntllR o('elllTNl ill 2 to n hOllrs aJtl'I' t11(' ltppcn.rn.llc(' of 
::;Y111pt0111S. Till'minim1lm toxi(' C()]H'l'lItrati(m of Ih(' ol<ll'l' chlorc1n,n~ 
for Imh,\' caIn's nppl'Hl'l'd to lw 1 ]wl'('cnt, bllt was 2 lwr('ent with thn.t 
PI'(l(i1I('('d in 1f);'i:L Thp minimulII t()xit' Hillgll' dmw for old('1' en.ltl(' 
n.pp('al'l'd to 1)(' ill ('xe('ss of 2 IWITl'lI! with ('it11<'[' II('W or old lllftterial. 
Excl'pt a,s uln·ady not P(l, !Ill tYlw::; of Ii \'\'stoek loll'l'fl,t('d 1.5-percrnt 
C()])('l'ntrat iOllS, III n'l' (imps tIll' ('OIH'l'lI t I'n.tioll usuu.lly SllggC'S tcd for 
ins('ct ('on 11'01. 

The J1('\\'(' I' chlordflIl(' lIa::; 1I0t I)(,PII lISPt\ in out' ('xpeJ'il1H'nts on 
bOI'S(,R, hogs, s1l('('1> , ot' gonts, hut its (oxi('ity for 11I('s(' animals would 
h(' ('xp('ctp(l to 1)(' Ipss thun WfiS ollRl'J'y('(l wilh the old mat('rinl, in­
1'I'('uRing un nlrpady fldpqtHII(' mnrgin of surdy. 

The 1'('tmlts of 11lultipll' dPl'mnl npplicatiom; of ehlordnnp giY(,lI in 
tnhll' 2 inclient(' thnt tlt(' oldpJ' chlordune wus ('uJllulntiYe in action, 
wllil(' the In;):~ product did no! nppNll'SO. All1in'stoek ('x('ept huby 
('nln';;, lamhs, It nd kids lole[,;ltpd H t i('URt :~ u])plicutiol1s of 1.5-perc('11 L 
chionlalll' of old 1IH1I1U fnet U1'(, Lam 1>8 !lnd ki<lR wer(' poisoned by :~ 
st1('11 npplicH t iOIlS, \\'hilp n 11 ol\tPl's to\ernt('d R trNI t ll1('n t;:;, (,\'PI1 whcn 
upplil'd at 4-dll;,>' illtl'ITa\s. Of 10 cuUlt', 110\\,('.\"('1', :~ "'('1'(' poisoned 
:U1d dip(l nfll'!' :l npplknliol1:" of 2 P('I'('(,111: of lile olcIc'r elllonlalH', 
nppli('d at 2-\y('pk illtl'ITnk With th(' 1\):):3 clllordHlll', 8 "aWe wcr(' 
tl'('nt('d 12 limps at :2-w('(']( illlerntl:; with 2-pel'('('lIt sprn.,rs without 
('yi<lc)lcc of nil." harm. This ilInR(rnt('d til(' improYPll1(,lIt. mllde ill 
the' c1.1PlI1ieul. 

• 
The cnlJ' listptl ns h:wing 1)('('11 sprn,,'pd R lime::; with L5-pp['cenl 

chlorduJJ(' nt -!-dnr intl'l'vnls h('camp afl'e('('(1 011 til(' dflY after the 
sen'nth [I'('!)(I11('II(, I"US ('oJlyulsin' :3 dnys aft('1' IIIP ('ighliJ'll'pnLment, 
and died :3] days !lnN till' l'iglIlh trpntnlPlIl. 

The results of nclmillislt'l'illg t('dllli{'al chlordnlH' (195:3 mallufae(u!'(') 
itS emulsions 01' R\lRP(,IISi()J1::~ ornlly to hab~' dail';'>' t~alves alld to sheep 

:H4405-55~-2 
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TABLE I.-Results of single dermal applications oj emulsions and 
suspensions of chlordane to various farm animals 

OHLORDANE PRODUOED PRIOR TO 1953 

'r Animals 

Kind of Con- Formu- j " I

Age c~ntr!1- laUon I Affectedanimal tlOn III 1 • I T- f 

silrav type II Treated I' se\-ere Y'I' Died L !la­
- j recO\-- , , feeted 

i ered I 
1-----'1'---1

I 
' ! 

' 

, Percent I i Sumber !Xumber 1"Vumber ! 

Oal ves.... 1 ?'k '
'{ 

-~" .- ­
4. 0
S. 0 
2.0 t, 

Em
Em! 
Em 

::I
1 I 

10 , 
0 I'
0 ! 
1 

Nmnbrr 

1 ; 2
1 , 0 
4. ' 5 

CitIL __ • ___ 
,

·11110._ •• _ 
1. 0 ; Em 
1.5 ' Em 

8 : 
] , 

0 
0 

' 1 
0 ' 

(
1 

C 'tl.at e. ___ . [1 '{)T-.-­ - ­ 1. 5L 5 Em\'r]> 22 0() 00 22 

Lamb _____ 
11-5 yr.___

:3 ,,'k.. ___ 
2. ()
1. 5 

\'1£> 
Em 

18 
I 

0 
0 

' 0 
0 

18 
I 

Sl , 1CC/L ___ • 1·2' {'}r..• , I.1. 55 EmWI' IO10 ()0 00 1010 
Kid._ :1 wk.. _ .' 1.5 Ern I 0 0 I 
(' t 
,oa,,_ -- ­

l-? _. r
-~L--'l 

1. :)
1.5 

Em
\'11' 

5
5 

0
(] 

0
0 

5
:) 

Pigs.... , __ 
.
.J ,J 

,
mo ___ 

I
) 

4. Q
L :J 

Em
Em 

2
2 

0
0 

()
(] 

2
2 

L 5 \'1£> 2 0 0 2 
Hors!'s ____ {.~ .)T-----.

;) yr. ... __ 
1..'i 
1.:) 

Em 
Wl' 

0 
() 

()
0 

I 
J 

Calv{'s ____ J·2wk... 2_0 Em 6 o [) 

1 EmO=:l'l11nlsion: \YP=wcttahl!' powc\pr slIf'pension. 

are given in table 3. All 3 calves receiving 100 mg./kg. doses wem 
affected within 411OUl'S of treatment !1nd ill:; died. The calves given 
50 mg./kg. were afrected within the S!1111e time !1lthough 1 recoyered, 
2 elied, and 1 was not !1ffected. Two cah-es given 25 mg;jkg. sho\\'ed 
symptoms of poisoning; one recovered. Five c!1kes given 10 mg.fkg. 
of chlordnne w('re unaffected, Of the 6 sheep given 100 mg.jkg. there 
were 110 faJ!11it1('s, but 5 \\'('1'0 defini tely poisoned. Only 1 sheep was 
given 50 mg./kg. and it W!1S not poisoned. In addition to tbe sheep 
listed in trcl)le :3, one sheep was giyen 50 mg./kg. of chlordane in an 
emulsion d!1ily, 4 days a week until 17 doses h!1d been given, without 
showing ~ross distmbances. This sheep was rested 1 week and then 
given da.ily closes of 2i:i0 mg.jkg. e!1ch, the second such close producing 
symptoms of poisoni.ng. The she('p was then destroyed to obt!1in fat 
for chemical study. 

Marsh, Johnsoil, Oln.1'k, and Pepper (13) fOlllld the minimum toxic 
close~of chlordane for ('altie to be 91111g./kg. and the minimum lethal 

• 


• 


• 
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TABLE 2.-Results oj applying l.5-percent chlordane emulsions and 
• suspensions dermally every 4- days to various jar'm animals 

CHLORDANE PRODUCED PRIOR TO 1953 
_______,.___________,·_____c ____~---------------------

I 
Animals 

Formula- Treat- 1---------;---------,------
Kind of animal Age 

tion ments 	 1Itype 1 	 Unaf-
Treated Died , fected 

j 
j N1lmber Number Number Number 

CaIL_________ _ 4 mo_________ j ~: 	 8 1 1 o 
8 2 o 2Cattle________ _ 9 mO _________i{wp 
8 2 o 2 

Lamb ________ _ 2 mo________J EM 	 5 1 o 
8 5 21 4Sheep _ 1-2 yr_____ --!{~ip 8 10 o 10 

Kid __________ _ 2 mo_________ 1 Em 	 1 31 o6 
8 5 42 3Goats ________ : Em_ 1-2 yr_______ !{Em 

il 
5 S 1 4 
4 o 4Pigs__________ _ 3-4 mo_______ '{Em,yp, 	
4 o 4 

Horse_________ . 4. yr _________:{~p 	 8· J o 1 
8 0; 1 , 

• 

1 Em=emllision; WP=wettable powder sllspension. 

2 Affected by and died after the tith dipping. 

" Affected by the 3d dipping and died after the 6th dipping. 

4 One died after the 6th dipping; the other was affected by the 7th, und died 


after the 8th clipping. 
S Died after the 6th dipping. 

dose to be 129 mg./kg. when giY0lI in the form of a grasshopper bait. 
Welch (26) aclminister('(l ,50 mg./kg. of chlordane to cattle 'with no 
hl1rmful effeeLs noted, whHe sheep were poisoned by 500 mg./kg. 
and killed by 1,000 and 2,000 mg./kg. One sheep was given 3..5 grams 
of chlordane (approximalely 100 mg./kg.), and was poisoned by the 
dose. 

The symptoms of ehlorclane poisoning obselTed by :Marsh and 
coworkers, I1ncl by ''VeIch, were similar to those given in this report 
and those previously deseribed by RaddeA' (15). 

From the foregoing results we belieye thitt the use of chlorda.ne on 
,n' aronnd liveslo('k is not wi thou t some aU (I l1(iall t hazards to the 
animals, but thitt under regulitr usage in itc'coniance with recommended 
procedures there should be no hnrm to any spee1es of livestock. Any 
condition whicb would increase the coneentmtion of a spraT or dip, 
or incl"Case the rate of deposition on the hnir, ('ould produce poisoning; 
this may hu,ve been a, fuctor in the rllses reportee! by Arnold (1). 
Accidentul poisonings may result if n.nillluls huye itccess to chlordane 
in grn,sshopper bails or other forms through cl1l'elessness. 

• 
Emaciation and luctittioJl will lDcrease tbe susceptibili ty of sheep 

to chlorclane poisoning, as determined bj" RadeIe!!' and Bushland (19) . 
Under sueh conditions ewes may be poisoned by l.O-percent dips of 
chlordane, while their Iambs arc U1Hlfrected by the same clipping. 
A summary of a study of this type appears in table 4. 

http:chlorda.ne
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TABLE 3.-Results of administering single oral doses of chlordane to baby 
dairy calves and to adu.lt sheep 

CHLORDANE PRODUCED IN 1953 

Animals 

Kind of animal, and 

age 
 Dose : Ii Affected'I 

1' Treated Aff~cted .severely, Died Unaf­
1 1mIdly I recov- fected 
i, : ered 

-----------------1 I 1------',-----1-------
I. mY./ka.,INumber /1 Number INumber Number NumberIj 100 3 0 0 3 o 
, 50 4:

I 
0 1. 2

Calves, 1-2 wk_______ 25 I 2 ! 1 ! 1 0 1 
o 

j 10 i 5 I 0 j 0 0 5 
81 '5 '{ 100. (j ; 3 . 2 I 0 1, leep, ,.- yr________ 50 ! 1 ! 0 ; 0 ; 0 

1 

T ABI~E 4.-Results of dipping emaciated ewes and their lambs in 
em111sions of chlordane 

Animals 

COllcen­ ---,-----1--------
Kind of animal tra~i~)I) in ' i Affected ! 

Ip ,Treated mildly, Died I Unaf­
recovered I feeted 

------------- -----.----I----i----·-___ 
Percrnl . Nmnbcr : Nmnber !Number i Nwnber 

Ewes - - - - - - _ _ _ _ _ _ ___ _ 2. 0 I 5 , 0 I' 1 ! 4 
Lambs - - •. - - - _- - __ _ _ _ _ _ __ 2. 0 I .5 0 0 I' 5 
Ewes_____________________ 1.0 . 1.5 1. i 0 I 14 
Lambs _____ .. ___________ __ 1. 0 15 0 r 0 ; ]5 
Ewes .. ____ --------- ----- _5 ~g 0 I 0 I 10 
Lambs____________________ . .5 0 , 0 ! 10 

BHe 

BBC, 01." bC'I.lZC'lle /tC'xnehlol"ide, is t1 higbly efl'ective pal"nsitieide 
widely used. on Jivestoek. Five isomel"s of this compound arc pres­
ent; ill the technical mn.LerinJ, of which the gn.mma isomC'J' is the most 
insecticidal and most a('utely toxie to mnmmals. A highly refined 
product conta.ining 99 percenl; or more of the gamma isomer is called 
lindane. TIle BBC used in the experiments reported 11(,l'e ranged in 
gumma. isomer content from 12 to 99+ percent. The toxicityob­
served was directly nssocin.ted with tbe gammn. eontent and was 
entirely indepenclent of the presence or absence of othel" isomers. 

The results of single applications of sprays and dips to baby dairy 
cn.lves, given in tn.ble 5, show thn.t BHe is toxic to slIch calves at 0.05 
percent, but not nt 0.025 percent, of the gamma isomer. There wns 
little difference in toxicity between suspensions and emulsions. 

• 


• 


• 
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TABLE 5.-Res'ulis oj single dermal applications oj BHO on 1- to 2­
week-old dairy calves 

---------~---.,--------------------~--------'----

iI, Animals 
Gamma IFOl'lllU- :----------,------,----

Kind of ::~lllal and conc.en- I layo~ ! I Affected! ,I 
tratlOn I t} pe i Treated. severelYl: Died; : ~~t~fd' recovered, ,! I : I :

----------'----'----'----!--------I----

Percent Number Number Number N1t1nbel' 
O. 15 Em 1 0 1 0 
O. 1 Em 11 1 2 8 
01 WP 2 0 2 0

Calves, 1-2 wk_______ 0: 05 Em 10 I 0 3 7 
{ O. 05 WP 9 I 2 0 7 

O. 025 Em 5 0 0 5 
---------~--~---~--_~___~I ___~,_____ 

1 Em=emulsion; \VP=suspension of wettable powder. 

Single applications of smears of lindane to the skin of baby dairy 
calves were ,made to study the possible hazH,rds associated 'with the 
use of lindane ,in screw-worm treatment. From the results shown ill 
table 6 we would expect 25 mg./kg. of lindane, applied dermally in a 
localized area, to be occasionally toxic for sllch cahTes. 

Older animals appeal' more resistant to BHC poisonillg. 'iYhen we 
used technical BllC of I2-pel'cl'1lt gamma content, calves 6 to 8 
months of age were. unhanned by sprays containing O,15percenL of 
gamma; lambs 5 weeks of age and pigs :3 months of !l,ge were not 
llarmed by 0.5 01' 1.0 percent, a single tr(>atment being applied in 
each case. A concentration of 0.15-percent gamma is 5 to 6 times 
that sprayed 011 livestock for ectop!l,l'asite control and 3 times that 
used as a scabies treatment. 

TABLE 5.-Results oj single dermal applications oj lindanp. jormulations 
to baby dairy calves 1-2 weeks of age 

Animuls 

Dose of I .
Formulation, percent lindane: i 

• 

I Affected I 
: Treated . Af~ectecl severely,: D' d Gnar­

! rmldl" re-: Ie fccted 
• i covered I 

---------------- --------!----:----
I 
--- --- ­
: iVum-: 

my./kg. : Number N1/,1nber N1I.'mber bel': Number 
EQ-335 screw-worm 

smear Iindune 3.0 _____ , 25 7 1. 0 o (j 

Lindane 5.0, Tween 20,
15, and xylene 80 ____ 100 G 0 1. 5 01 

Lindane 5.0, pine oil . : 
47.5, and mineral oil , : , 
47.5___ ----- --- - - - - --I 100 I (j 0 1. 

! 
I 

I I 
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Ely, Underwood, :Moore, :Mann, and Carter (9) J'eported on an 
accidental spraying ,of adult dairy cattle with a 0.3-percent lindane 
suspension used Jor spraying barn walls. A total of 240 cows were 
sprayed, resulting in 11 cases of poisoning, of which 5 terminated 
j·n,tally. The spl'l1,ying of harn and c9.f.tle was accomplished with 50 
gallons of spray, allowing a maximulll of j LIst over 0.2 gallon per 
animal, if it were all used on the cow's, but in actuality the spray was 
only allowed to strike the cattle as a part of the normal barn spraying, 
making the dosage anything but uniform. Apparently the dose was 
less than 1 quart pel' cow. 

The results of rep<;!1t,t'd applications of BHC are given in table 7. 
As ,,-as observed wiLhchlorclane, older calves and most other livestock: 
were more resistant than bflJ)y dail'Y calves to poisoning by repeated 
applications. Kids andln.mbs were poisoned by 1 and ,2 appEcations, 
respectively, while all others trNl.tcd were uuaffectcd by a total of 
8 applications of 0.15-pcrcent gamma (from technical BHe of 12­
percent gaIllIlla content) at 4-day intervals. 

TABLE 7.-Besults oj 1'epeated dermal applications oj BFIO (12-pe1'cent 
gamma) containing 0.15 p('J'ccnt oj gamma at 4-day intervals jor a 
total oj eight treatments 

Animals 

Kind of animal j\ge Af­
Treated rected, Died Unaf­

, ' , recov- fected 
crcd 

._-------------:-------- -------'--------,---­

Xll'Inber iV'umber Number'o ' NumberCalves ______________ _ 6-8 1ll0______ ,,_ 2 0 2 
Lamb_______________ J 3 wiL_________ _ 1 1 1 o 0Sheep_________ . ______ : 

:31 ~'r------------wk 
5 ! 0 o 5

Goat kid___________ _ __________ _ 2 ] 0 
Goats___________ , __ , 1 )'1'__________ _ 

o 
0 05 o:3 mo_________ __ 2 0, o 25 yr· ___________ _ 1 0 I o 1iig:;e~~=========== __ 

1 Affected by 1st treatment; ul1affpclcd by 7 additional tl'eatrIHlI1ls. 
2 Affected by 2d applicati.on; clicc! after 5th treatment. 

Results of administering single oral doses of BHC 01' Enda.ne to 
calves, cattle, aDd sh(lcp arc given in table 8. The mi.nimum toxic 
dose for baby dn,il'Y ca.lves apppal'ed to be between 2.5 n,llel 5 mg./kg. 
of gamma, the ]OW01' dose producing .no intoxication while the higher 
dose caused death. The minimum toxic dose 1'01' yearli.ng Hereford 
cattle apppal'ecl to hr lwtw('en 10 aud 25 mg./kg., the lower dose 
pl'oducillg ]10 sym.pt()ll1s while the higlll'l' close wa.s letha.L Becausp 
only a. si,ngle allimall'('ceived the 10 mg./kg. dose it is unwise to con­
clude Lha.t this clos(' could not h(' toxie. SlHwp app('a.L'to tolel'a.tc 10 
mg./kg. :Jut a.rc l)oisoned by 25 mg./kg. (See ta.ble 8.) Sheep wel'f\ 
poisoned by 50 nnd by 75 mg./kg. doscs, but wp]'(' not killed lllltil the­
dose was l'H,isecL Lo 100 mg./kg. 

• 


• 


• 


http:tolel'a.tc
http:yearli.ng
http:applicati.on
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TABLE S.-Results oj administering single oral doses oj lindane to baby 
• 	 dairy calves,adult sheep., and cattle 

Anirllals 

Kind of Age Dosp
animal D' d , l~naf-

Ie ,fected 

-----,----~.-- ---.- ---- ----_._---_.- ---- --.- ­
mg	.. k!!. SlImber SUIII/wr NlIlIIlltr NlI,lIIlJel' Sum/)('f 

Ii) t 5 0 () ,I 1:1
Calves ____ J 1-2 wk._ 5 3 0 1 2 0 

I t ')_. n- \l 0 0 lJ !l 
]00 ;J 0 .) J 0 

(i () a50 ]2 3Sheep_____ (j () 1 
10 10 0 0 , 0 I 10 

1-2 Y'~~~ ~'l 8 

" 
i I25 	 1 

')-	 0_Ll 1 0 0 1Cattle.____ 1 yr______ :{ 	 ,i ! 110 1 () 0 0 : 
\ 	 I \ 

.~ ~~ ~ ~~-~-___ __u __ ___ __ __ 

Sheep were given 25 mg./kg. of linda.IlI' ol'ltliy ()IlC'P [1 'H'pk ulltil 6 
doses had been gi\'(~Jl, the results IJl'ing b1bulatl'd in table 9. .All 
the sheep so trea.ted were uJfeetNl h:-< at l<.'ast 1 of the dos('s bu L 110111.' 

of the sheep W(>1'e uJfl'ctt'd by all G dost's. 

• 
One sheep was given 5 mg.jkg. of gumma. from technicnl BHe 

(12-percent gammu,) 4 days 11 week until 22 such doses had been given 
without producing symptoms of poisoning. Two daily doses of 50 
mg.jkg. were then given, causing poisoning aud death. A second sueep 
wtLs given 50 mg./kg. of BBC (6 mg./kg. of gmnma) 4 days a week for 
15 doses without producing poisoning buL the 16ih dose initiated 
symptoms of poisoning unel the 17th caused death. 

While the foregoing results apply for well-feel animals, Radeleff anel 
Bushland (19) have fOllnel that emaciated sheep iU'e more sllsceptible 
to poisoning by the gamma. isomer of BBC than well-nomished ones, 
a.od that lactation also increases the susecptibility. Results of those 
studies were published in detail in 1953 (21) and summaries iU'C given 
in tables 10 anelU for purposes of comparison with Lbe present data. 

TA.BLE 9.-Res1l1ts oj orally administering 25 mg.fkg. oj lindane as an 
emulsion to shccp once a weekfol' (j waeles J 

\Y('('i;: of treatment 

Shc<'p Xo. 
(j2 

AH. AT{, .\ ({. ~\I2 "'_" __ _ 	 All. N AH. N 
:3. ________ ---	 N AH. AR An. 

• 
4.. _____ - ____ .. AI{, AH. N AH. 

AI{, N N N 
An. N .N Nt==:=: =~:::::: =-==:I 

I N = not affected; AR=sllOwed definite symptoms of poisoning find reco\·ered. 
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TABLE lO.-ile81iltl'l of dipping emaciated ewes and thr17' lambs hI benzene 
he:rorhlol'ide 

O.U(i l'ERCEXT UA;\L\lA lH();\IEH. IX DII' ------ ---_.._---
Formula· Animal:; 

tioll from __.__•• _.__ 

technical
Kind of animal 

BHC, \[f t d Alfel'led rnaf­"amma TfP,Ued: ~l'e SP\'Pf('jy Dit'd [pctecic3ntent- lmldly r('co~wpd 

Percent SlIlIlbl'r ;\'11 /libel' SlIlI1ber Sumba SZl'ml)l'r
Ewes____ •.. _ J..j ;~O :{ ..j 7 Hj
Lambs______ ., __ .. j..j ;{O 0 () 0 :~U 
Ewes... ___ -. _____ 12 ao 0 2 :{ 25 
Lambs______ . ]2 :~(] 0 [) 1 2\1 
Ewes .. ___ . __ . _ =~ =~ _ lHH+ ao :{ () 1 21i 
Lambs__ . _. _. __ ... _ I \JH"t- 30 () 0 0 ;1O 

0.03 PERCEXT C:~DDJA fR(L\IER IX DJP 

Ewes.•. _... 14 10 1 ] 0 R
Lambs____ .. 1-1 10 0 0 0 10 
Ewes__ .• _ • ____ 12 1\) 2 0 0 R
Lambs________ 12 JO 0 [J 0 10 
Ewes.. .. -- . I H!IT 10 0 I 0 ~l-L:LlIl b!':___ •.• I !l!l+ JO 0 0 0 10 

I Lincilllll'. 

']'.o\.RLE 11.--H('sults Id dipp; lIy /rl/!:hd ell'l"~ (liH/ t!u- if' /0 mbs ill HI1 (' dip 
containill[/ O.i2/j jJel'ctfli cd !/Cl JllI/W , jf) fiNS alld 1(J lambs fol' {'((('Ii 

treatmnlt 

.\lIimtllsJ<'ormullltioTl 

prppan'cl 


'[<GIld of unimal frolll Bl:I (' 
 Aff{'C'ieci
~tUlllll!l Alf('rt{'d se \'p[,ply , C Ilttlfl'ctpd 

c'llltent mildly I'('('o\'{'red 

Pal'fII I Samlil'/" .\' lllllli()' ;YUIIl!)('1' 
Ewes_. ],I 3 o I 

Lamhs" 1~ () () )0 
Ewes. [2 ] () H 
Lllrnb,L ..,._ 12 () () 10
Ewes__ t (HI.; () 2 S 
L:LU1bs._. _•. 1 !J\I+ () !l 

J Lindane. 

It is highly pl'Oilnblp thnl :;imilar ilH'l'{'n:;p:; ill su~('('plibility o('('urin 
('nILlt', n. strikingly similnr plH'J101IlPnOIl havillg 1)('('11 rpportf'd froll! 
Austl'aJitl;; wlit'I'P C'IllH('intpd ndult ('utllp \\'(,I'P poisOJH'd hy 1101'1l1nl Hnd 
pr('\'iously routil\(' ('Ollc'Plltrntiol1s of gnmm:l BTH'. Thp flw('hnllism 
by whirh til!' SlIs('Pjltihility is iIH'I'pn;;<,d il) ,;twh Hllilllllls is Ilot IIn(\('I'­
stood. 

5 Gmhltl.n. XOrmtl!1 H., of \\'iJlialll COOIlC'r :Iud X<'pilc'II'i', IIlId Jail j'l'ioutgolllPry 
of Imperinl Chemienls, P<'l'sollul ('Ollll11I1UicntiofJs. 

• 


• 


• 



• 
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Ely, .Moore, and Carter (8) fed dairy cows 6.22 mg./kg. of crystalline 
lindane daily for llO days without producing symptoms of poisoning. 
Welch (26) gave cattle 125 mg./kg. of BRC (12.5 mg./kg. of gamma) 
without producing symptoms. In his work, sheep given 750, 1,000, 
and 2,000 mg./kg. of BRC (10 percent gamma) were poisoned but 
deaths did not occur. One of the sheep wa~ given 2.25 grams of BRC 
daily, showed symptoms on the twentieth day, but survived 60 such 
daily' doses. The ::;ymptoms described by W dch for BRC poisoning 
agree with those presented in this and preceding papers (4, 18, 19) 
and with those described by Ely nnd coworkers (9). 

TOXAPHENE 
Toxaphene is a waxy chemical produced by the chlorination of 

camphene. It is prepared for livestock use as an emulsifiable con­
centrate and as a ,Yettable powder. It is effective against a wide 
range of pests at the strengths of 0.25 to 0.5 percent in sprays. Some 
results of treating animals with toxaphene ha"Ye been published by 
the KelTyille staff (3,4,5,6,16,18,20). 

Results of treating cattle of various ages with single applicfttions 
of toxaphene are given in table 12. The minimum toxic concentra­
tionfor baby calv-es appears to be about 0.75 percent and the minimum 
lethal dose LO percent. Old!:'!" cattle are mildly affected by 4.0 per-

T"\BLE 12.-R(:8ult~ of single dermal applications of toxaphene to wttle 
of 11arious age8 

~'---.~~~"' 

AnimalsI I 

! Con~ell-; Formu­

!Kind of ! tratlO!l lation 
animal A~e ~ of tox-, . 1 AffectC'd. Unaf-I
Iaphell(, ; ty pe Treated recov- Dead fectedered 

---------,---'I ; 
Number Nllmber Number NumberIPercent I 
 12 0 0 12


{ a 5 EmEm 4 0 16
.75 20 

t .75: WP 0 4 


.Tersey_____ 2 wk_____! 1. 0 IEm 2t I 8 10
gl. '1. 0 WP 0 3 

3 0 5
I ; 1. 5 l Em ~I 

4 1 
 1 0 3
i 1.~lWP 
0 0 2
! EmJ ., - mo__ .; 1.1. D5 ; IVP. ersey_____ 4 6 t{ ~! 0 2
0 
0 6 0.Tersey-----12 wk-----l 2. 0 ~ Ern

.Tersev_____ 3-4 mo __ .' 2.0 ' Em 1~ I 4 5 5 

Hereford __ , 3-4 mo __ '! 2.0 f Em 25 : 1 0 24 

.1ersey_____ 2 wk-----i 3.0 Ern 1 I 0 1 0 


5 I 1 3 1
4.0 Ern.Tersey_____ f 1 rno. ____ :'{ 4. 0 IVP 1 ! 1 0 0 

.Tersey and 11 Ir 4. 0 E!t; 13 0 12
1 


Here- 'j6-Smo_--l 4.0 "1 
 7 0 0 7 

fords. I ! 


8.0 Ern 2 0 2 0J,m"_____,' mo____ -I{ WP 08.0 1 0 
Hereford __ 4. yr_____1 S.O Em 1 0 0i \ 

1 Ern=emulsion; "rp=suspension of wettable powder. 

:144405-55-3 
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cent while one steer slU'vivcd poisoning- by an S.O-percent spray. 
JeTseys were more susc:eptihlc than Herefords at oa(;h age level. 

Onset of symptoms ill 1.he poisoned Gattlr oeemrrd in fro1).'1 30 
minutes to 24 hours after trrat,ment, with d('aths occlUTing in 15 
minutes to 48 hours aftr!' onset of syrntoms. 

Results of single appliootions of toxaplH'IH' to shC'rp, goats, pigs, 
and horSt'S (1.1'(\ sununarizrd in In,ble lao Both shrc·p imel goats 
appeal' less },ps1s(n,11 t than {'aUlp to (,()xaphl'JlP poisoning, thp mini­
mum toxic and h,thn.l eOJ)('rntrnJiOll bpiug b('lw(,l'Il 1.5 n,lle! 4.0 p(\r­
cent. Pigs were rl'Sist!111t to 4.0-pel'cC'nt sprays. ~Iinimum loxic 
conGl'utrations WPI'I' Hot de'Lermined f01' I:h(\se anim.als. 

ResulLs of JllultiplP n,ppliclttiolls to anirnnJs otitl'l' than 1mby cah't's 
are givcn in table 14. jJl ltllimn,ls W('t'(' tl't'at('(l with 1.5-P<'l'CPIlt 
toxaphf'11C sprays or dips at 4-<ln.y intel·yals for B applicn,{ions. No 
toxic effects wPre lloted. 

Results of the oral administration of toxu.phl'lH' to eah-es, shcep, 
n,ud gonts fl.re giYPH in tn,blp 15. TIt(' miuimum Loxic dosp lor baby 
calyl's n,ppNtl'S to he' n,hout 5 m~./k~. POI' shpt,p tll(' minimum toxic 
dose is 25 mg./k~. and for gon,tf1 n,pproxillmtrl.y thc' sn.mp. 

On(~ adult slH'l'p Wil.S giq'n flO mg.fkg. of to:mpIwllP orally in a 
xylene ('1l1ulsio11 4 dUYf1 it 1\'['1'1\: n,nd was not n.rrc'ch'd by thc first 
7 doses. '1'h(\ 8th dos(' iuitinJp(l f1}7Juptoms of poisoning find the H:th 
dos(' protlucpd (h'n,th. 

TABLg 13.-R(',~ults (~f sin!lh dermal applicati()I1.~ (!f toxaphene on 
slufp, !I()at.~, pi!ls, and hl}r,~( g 

~--~.-~~ ..~.~-...... 

Animnls 
Cou­

Kind of 
allimal 

I 

cpulru­
tioll of 
t·ox:t­

phplw 

F()rlll
Iation 
type I 

U-I-'-~ 

''l'rea(l'd 
Af­

fe('(l'd, 
r('(,ov­
l'fl'd 

Deacl C' naf­
reeled 

-------I~·~·-~ .. ­ .. ~-

I 
Lambs....... ! (j 11'1;: 

I 
Em 
Em 
WI' 
Em 
\\'1' 

.VUlJ(iwr, Sum/itr' Xum/){'r
2 () [) 
;) 0 () 
;) () 0 
3 3 [) 
1 0 0 

Number 
2 
[, 
5 
0 
1 

EIll 
Ern 
gill 

2 
·1 
;) 

() 
() 
() 

2 
4­
(J 

0 
0 
;) 

W1' 
'Ern 
WI' 
Em 

5 
:{ 
1 
:l 

()
J 
() 
l 

0 
() 
() 
2 

' 5 
2 
l 
0 

I~Jn 
EIll 

2 
2 

0 
0 

(J 
0 

2 
2 

WI' '? 0 0 2 
Bill 
\\'1' 

] 
1 

(J 
0 

0 
0 

1 
l 

1 Em=ernU!SIOllj WP=suspensiou of wct~l!LbIo powder. 

• 

• 

• 
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TABLE 14.--Results oj multiple dermal applications oj toxaphene at 
1.S-percent concentration every 4- days jor 8 treatments 

Animals 
Formu­

Kind of animal Age lation 
, i type I Unaf­Treated fected 

-------------------_._\ , 

i 

j---------------------i{Elll---I Numbe; Number 
2
Cattle________ -" _-- _____ I 0-8 mO ___ - - - - - --- - - - -: IYP, 2 
 2 

5
SheeP. __.________________1 1- 2 yr------------·---;{~Vp ~ I 
 5 


! '). I{Em 5 5 


I
1~.Qat8- - - ---- - - - - - - - -- - -1 3-: Jr---- - -- -- -- - - - - -!}~:;: ~ I 5 


IgS__________ " _________ 1 -. mo _______________ , \VP 2 . 2 


1
Horse__________________ l\l 5 yr----------------{~!Jl, i ! 
2 

1 

I 


_________._~________~~ _______..._._ .~_~ _ ~ ___ ~1~.____ _ 

I EaJ=emlllsio.l1; ,YP=suspension of wettable powder. 

TABLE 15.-Results (~f sin{Jli: oral doses (~f ioxaplune (muisio71.s and 
8uspenISions ailm'in;glerul fo baby dairy cains, cattle, .':Iheep, and 

goats 

Animals 

1~~7;;1~lf Age Dos~ -----------[,\i1ce:I\---------- ­

1 i Trcated , AfI!,ctcd : sen'rc-ly, : Died lJl1nr­
, : i I11l1clly • rceo\,- ; Cected
! : I ! • rred I 


--------, ---------l--------!------\------ -----I------,1'---
II 1I!(J,/ko. ! ~\rumbcr : XUlIlber \ Xumber ISumber j Numb£( 

'{ 50 5 0 I 0 j a I 2

' I 2.k I 25 0 ! 0 , 0 I 2 ' "1


C I 

• - -' - " - - •aves 0 1 ] 0 a I 0 lIt 1 1 


I I 5 2 1 0i 0 1 

Calves •• __ f 3. mo_____ ! ;jQ 3 I 0 ! 2 ! 1 0 


i r 21)0 a f () 2 1 0 

Sllcrp_ .. _ 1-2 YL___ l, 170 :3 I 0 I a ' ° 0 


I 100 ~ i 0 I 2 1 0 

j _ •r 50 I • 1 1 0 5 


Sheep. ____ 4-t> Vl"----'l 25 ]Q 0 . ] 0 9 


. i{ 2.~g ~ gI, ~ g g
1 ] 70 3 0 2 1 0


Gouts_____ 1-2 )"L___ . 100 a loa 0 0 

, 50 3 I 0 I 3 0 0 
________1.' I 


http:EaJ=emlllsio.l1
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Marsh, Johnson, Clark, and Pepper (13) found that the minimum 
toxic dose of toxaphene for cattle was 35 mg./kg., while deaths oc­
curred at 144 mg./kg., when toxaphene was grven in the form of a 
grasshopper bait. '1'he sJIDptoms and lesions described by th)se 
workers agree closely with those observed by us, and as previously 
described in detail by Radeleff (16). 

Emaciation and lactation n,pparently increases the susceptibility 
of ewes to poisoning by toxaphene as shown in table 16. From those 
resu1ts it would appear that under such conditions ewes may be 
poisoned by dips containing 1.0 percent of toxaphene. It wouid also 
appear from those results that their lambs could be poisoned by the 
same clip. 

TABLE 16.-Res1llis of dipping emaciated ewes and their lambs in 
toxaphene em1LZsions 

Animals 
Toxaphene


Kind of animal concen­ I
, Affectedtration Treated Unaffected 

I 
IIrecoyered 

severely, 

--- ­
t 

! Percent Number Number NumberEwes_______________________ 1 
1.0 15 1 14Lambs _____________________ ' 

Ewes_______________________ l 1.0 15 a 12
O. 5 10 o 10 

Lambs __ ----- ----------- ___ 0.5 10 f)I 10 

From the foregoing results it nppears that toxaphene and clliordane 
are of appro:-..-imately equal toxieiL37 w'hen npplicd dermall:y to bab}T 
calves, but that toxaphene is considernbly more toxic thnn chlordane 
when administered orally. 
STROBANE 

Strobanc is an amber liquid with a rather plensant odor, similar to 
toxaphene in chemical, inseeticidnJ, and toxicologicnl n('[iyj Ly. ,A,s 
yet, its full usefulness as nn insecticide bas not been established, but 
it seems desirable to pu1>lish the ayailuhle toxicologicnl data. 

The results of dermal applications ru'c given in table 17. From 
these limited numbers of treated calves jt would appear tbat Strobane 
is about one-half as toxie as toxaphene. Heslllts of single oral ad­
ministrations of Rtrobnn(' to baby caln~s and to slleep nre giV'en jn 
table IS. In these yery limited trials the minimum toxic dose ap­
pem'eel to be very close to 10 mg./kg., the cnlves nppearing overly 
sensitive find suggesting minimum intoxication. For sheep, thc 
minimum toxic dose appeared to be under 50 mg./kg., although the 
studies were not compJeted before this manuscript was prepfll"ed. 
On the bnsis of this limi[ed sludy of ontI toxicity, Strobano again 
appears to be somewhnt less I,oxic than t.oxaphene. 

The symptoms exhibited hy [he n.nimals poisolled by Strobane werc 
essentin.lJy the same as those :for toxaphene and other members of the 
more toxic group of chlorinn.tecl hych'oca,rbon insecticides. 

• 


• 


• 
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TABLE 17.-Results oj single dermal applications oj Stroba.ne upon 
dairy calves 1 to 2 weeks old 

Animals 

Concen­
tration I

KimCo(animal and age Affectedin severely, Unaf­spray Treated Diedrecov- fected 
ered 

Percent Number Number Number Number 
4.0 2 0 2 0

Calves, 1-2~wk______ ~ _________ { 2.0 2 0 1 1 
1.0 6 0 0 6 

TABLE 18.-Results oj single oral doses oj Strobane administered to 
dairy calves 1 to 2 weeks oj age, and to adult sheep 

I 
Animals 

Kind o(animal Dose IAffected I 
Unaf-Treated Aff~ctedIseverely, DiedImIldly recov- fected 

ered 

I I i I 
mg./kg. ~Yumber , N'umber ' NU'mbcT : N1l1nber f Number 

Cal ves _______________ { 25 21 0 1 01 11 1 
10 3i oj 0 0i 3if 150 2, 01 2. 0t 0 

Sheep_ - -------------1 t 100 2 f o ' 2 i 0 1 0 
50 111 2 4 \ 0 5 

j i t \ 

ALDRIN 

Aldrin is a whi te cr.ystn.lline solid, insoluble in water bu t soluble 
in most organic solven ls. It is a. highly effective insecticide, presently 
used chiefly for the control of plaut pests. While it is efrective 
ag11inst a number of parn.sites prpying upon livestock.it is a relatively 
highly toxic compol'ud, as will be shown in the follo\\-ing eLatn" and 
it has a definite tendene,Y to accumulate. ill body fat, the combination 
making it less desirable for usc on animl11s thall some of the other 
compounds. 

Results of single S])l'n.y treatments with aldrin D,L'('\ given in table 10. 
Symptoms of poisoning appeared in ci1lves 3 to 34 hoUl's after treat­
ment. Deaths occurred in from 15 minutes Lo 24 hOlll'S after onset of 
symptoms. The lambs showed s,V':mptoms of poisoning 'within 18 
hours n,fter trpaLment n,nd died 10 hours hLpI'. Tll(~ Angora kids 
wpre aIfectcd within 12 hours of trN\'lment and died 16 hours later. 

The minimum toxic concentration of aldrin n.ppliecl as n. sprn.y to 
cn.lv('.s ap])l'ars to b(\ 0.25 percent or slighLly less, making it m.ore toxic, 
on n. ppl'centage bn,sis, than toxaphene or ehloniane n.nd about oIlc-half 

http:livestock.it
http:Stroba.ne
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TABLE 19.-Resulis oj single dmnal aP1)lication~ oj aldrin·emu~ions 
to calves, lambs, and kids -

I ! 
Animals 

:Concen- , 
Kind of animal Age !.tration I, i Affected' 

!1D spray I Tre ted: se'.'erely, Died Lnaf­
I ! a 'reco\,- fected 
1 ! ered 

"'-:----!----'----1-------­
: PI'rf('lIl ~'llllll)cr' ,Yu1Ilb£r I };umlJer II' N1tllllJer!{ -J.D' 1 0 ! ] 0I i 2.0 J 0 I 1 0 

Calves. ______ --f 2 wk_ .•. __ _ i LO 1 (] 1 0 
. O. 75 2 1 1 0 
: 0.5 14 2 8 4 
I 0.25 7 1 I 0 6 

Lambs ________ -' 3 wk ___ _ 
i .1.0 2 0 21 0 

KidS----------i 3 wk ___ , . 4.0 2 0 2 I 0 
-_. - -----~--

as toxic as diC']drin. ~IiniIl1um (oxic C"OJ)('(,Jltrntiolls for sIte'C'P and 
goa.ts WP1"l' not dC'tC'rmilwd. 

A summnry of the' results obiaiupd by adminis[pring aldrin omlly 
to baby cajvrs and to adult cn.ttl(' and shepp is giwn in tahle 20. 
From ih('se data it would appC'ar tha,t the minimum toxic dose of 
aldrin is just lIndC'r 5 mg.fkg. for bab~'{ ealY(ls, and between 10 and 
25 mg./kg. for cat tIl'. r1'hp minimum lm,:ie dose' for she(lp appears 
to be bl'lm:'l'n 10 and 15 mg./kg. 

Kitselmull. Dnbm, and Borgmann (11) ft'd smn,ll fl1110unts of a'.ell·ill 
to cattle and slw('p and producrd symptoms of poisoning as follows. 

TABLE 20.-RcS1ilt.< oj single oral doses oj aldrin administered to baby 
dairr; call'cs and to adult sheep and catlte 

----.-----"---------,-----
Animals 

Kind of ; I
Dose ! 

I 
Affected Ianimal 

Tr('llted ! A(~ected severely,: Died L:nuf-
I mildly ! recov-

1 

feetedI-

I I ered 
, I I ! ,------------------------___ '___- ---­

! I jf i 
j mg.lkg. Number: Number: NU1Ili,-rr! NUlIluer I X1l11luer 

15 2 0 ~~ ! 0 I 0Cnlyp" ____ J-2 wk __ 5 7
:f 

2 ! 01 0 I 5,t 2. 5 2 o I 0 \ 0 2 
8(e('r,,_____ J yr__ .. { 25 1 o 0 ! 1 ! 0 

10 ] (J 0 (J ; 1 
i , 28. 5 1 0 ] 0 0

]5 1 0 ] 0 08herp_. ___ ] -2.\'1' 10 1 0 
l , 0 0 1 

[) 1 0 0 i 0 I -ii 
0 I2. 5 ] 1 0 0 1 

J 

• 


• 

•

.,--~--.~-.---
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Cattle "were killed by 10 daily doses of 1.9 mg./kg. of alili'in, by 21 
daily d?ses of 0.84. mg.fkg., and b:y 33 daily doses of 0.686 mg.fkg . 
One heifer was pOIsoned by 29 daily doses of 0.52 mg./kg. but re­
covered. In a second "series, a heifer was given 4 mg./kg. daily, 
deYcloped symptoms on the 8th day, and died on the 21st day. 
A" second heifer receind 2 mg./kg. daily and dt'veloped symptoms 
aftt'l" 29 closes, recovNed, and sUl"Yived a total of 64 closes. Heifers 
fed 1.0 or 0.5 mg.jkg. daily for 04 da:"s were una,ffectecl. 

In th:: ;,ame spries of studies one ('we died aft!'l" receiving 20 daily 
doses of aldrin at 00414 mg.ilq;. Onp P\\'(' r('cpiying 6 mg.fkg. daily, 
lost h('r app('titl' aft!'!" 1ij doses and <1[('(1 aftE'r 28 dos('s. 

The symptoms and Ipsions of aldrin poisoning ohsC'l'ved by Kit­
sehnan and coworkers (111 al"(' similar to thost'"\Y{' obsC'l"yC'cl at the 
KPlTyilll' laboraton-. " 

In th(' stwiit's h,\: ]\:it:wlml111 and co\yorkl'I'" it is intt'l'('sting to not(' 
thiLt most of tl1<' dOSl'R which pl'oy('d toxie totaIl!'d from 15 to 30 
mg./kg., :),ud an' roughly th<' am()\lnts l'PC] uirpd for toxic effect from 
single doses. This is ill kpeping with O\ll' kno,\'lpc!gc thaL aldrin hns 
a great tplHh'Jl(,~' to lll' 111'1([ ill the hody t),ftl'l' ingpstion. 

HEPTACHLOR 

Ilcptnchlor is at pr('sPll t, 11S('<I agninst ins['ets other thun those 
attacking livestock. hut could in the fu(url' bayL' n pIael' in livestock 
pest control. 

Results of singh· spray applications of heptachlor are giYL'll in 
table 21. Symptoms appear'eel in poisoned animals in from 23 to 44 
hours after treatment. In evel'V cnse cIt-ath oc('urrl'u within 2 hours 
afi.C'l' the onset of symptoms. X0 l't't'ov('l'ios \Yen' not('d in tbis series. 
The minimum toxie cOllcentration for baby crun's appears to be 
between 0.25 and 0.5 percC'nt. making hepta('1110r 11)OI'C Loxic than 
chlordanI' nnd toxaphene but slightly Il'ss toxic thall aldrin for these 
animals. Lambs appeaI'Nl to be resistnnt to ns mueh as 4.0-percent 
('oncontrntions but f1 minimum toxie dose \\~fl" not C'stablishecl. 

The results of a<iministC'ring heptaehlor omlly to sheep and cnIves 
nrc giY(,1l ill tohlo 22. '['hose slwL'p that recoYPl'ed from poisoning 

TAm,}: 21.--HeS1(/tR of Ningle dermal applications (sprays) oj heplachlO1; 
emulsions to cahes and lambs "-~------ ---------1---- --~-~~nill1al~-~ --------- -

Concpn­
I.:::ind of Ilnimal tration 

Unaf­in spray Trented Died 
fected 

i 
Parent Number Nu.mber; Sumber 

4.0 
2. 0 

1 
:3 

1 
:3 

0 
0 

Cal\'(~s_ . 

Lambs._ 

.. 1- 2 \I'k 

3 wk __ 

{ 1.0 
.75 
.5 

?­. -,') 
4.0 

(j 
2 
7 

11 
2 

4 
0 
1 
0 
0 

2 
2 
G 

11 
2 

-.-~- ,-~-~. 
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TABLE 22.-Re8uZts oj single oral doses oj heptachlor administered to 
baby dairy calves and to adult sheep 

I Animals

I IKind of animal Age I Dose AffectedlI! Unaf-I Treated sev::lY'1 Died fected 
1covered\ I 

! mg./kg. Number Number Number Number 
7 2 5 0 

Calves_________ 1-2 wL______ l'{ 50 6 1 2 325 
, 15 5 0 0 5 
:{ 150 2 0 2 0Sheep _________!1-2 Yc_______ , 100 

2 2 0
Sheep _________ 4-5 YL_______ i 100 12 1gI1 I 0 1Sh 11-~?{ 5075eep_________ yr________ 

1 i 0 0 1 
2' 1 0 1sheep .. ________14-5 YL______ j{ ~g 

0 0 11111 
did so without complications. The minimum toxic dose for calves 
appeared to be between 15 and 25 mg.fkg. 

The animals poisoned by heptachlor demonstrated symptoms and 
lesions considered typical for chlorinated hydrocarbon insecticides. 

DIELDRIN 

Dieldrin is another of the chlorinated hydrocarbon insecticides used 
at present principally against pests other than those feeding on live­
stock. Certain applications to these pests may be made in the future. 
Dieldrin is a white crystalline solid. It is soluble in some of the 
organic solvents, but rather insoluble in most of the aliphatic petro­
leum solvents and insoluble in water. 

Results of single applications of dieldrin as extel'l1al treatments are 
given in tables 23 and 24. Symptoms of poisoning appeared in as 
short a time as 3 hours and as long as 14 days after treatment. Deaths 
occurred in from 3 hours to 14 days after symptoms appeared. This 
extremely long delay in onset of symptoms and of death after onset is 
without parallel in Our experience. The animals that recovered from 
poisoning did so at a mueh slowel' rale than did animals poisoned by 
tbe othol' inseeticidC's. One lamb was uffeetNl over a period of 18 
days, dming which time reC'overy slowly took l)lacC. In several cases 
the animals displayed t}l)ical symploms of poisoning, appaTen tly 
recovered completely, then relapsed after severlll clays into typical 
symptoms folloWE'd by death. 

The minimum toxic dose of dieldTin for ba.by caIns appellred to be 
between 0.1 and 0.25 percent, making it roughly twice as toxic as 
aldrin and 8 to 10 times as toxic as toxaphene or chlordane. 

Resulls of repeated a.pplica.lions of di('ldrin are giyen in table 25. 
From the results with caUle spra.yed with 0.5 percent dieldrin we feel 
that dieldrin is aceumulativc in a.ction, since the :3 spmyings llt 3-week 
intervals produced a greater reuc:tion than did a. single application of 

• 


• 


•

1.0 percent (table 24). 
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TABLE 23.-Results oj single dermal applications oj dieldrin to young 
animals 

Animals 

Kind of 
animal Age 

Concen­
tration 

in spray 

Pormu­
lation 
type 1 

Affected 
Treated severely, 

recov- Died Unaf­
fected 

ered 

IPercent 
Em 

Number 
8 

Number 
0 

Number 
8 

Number 
0 

Calves____ 
{ 10O. 75 

0.5 
2 Wk_____! 0.5 

Em 
Em 
WP 

4 
4 
5 

0 
O. 
1 

3 
2 
2 

1 
2 
2 

0.25 
I I 0.25I ,0.1

if 3.0 
Lambs ____ 2 wk-----l1 3.0 

1 2.0
8 wk_____ ~Pigs ______ 4. 0 

I 

Em 
WP 
Em 
Em 
WP 
Em 
Em 

i 

8 
3 
8 
3 
5 
2 
4 

O. 
0 
0 
0 
1 
0 
0 

5 
1 
0 
3 
4 
0 
0 

3 
2 
8 
0 
0 
2 
4 

1 Em=emulsion; Wl)=suspension of wettable powder . 

'I'ABLE 24.-Res1tlts oj single dermal treatments oj adult animals with 
dieldrin 

l AnimalsI

i Concen-: 

Kind of Age 
, tration ' ForulU- 'j , I 

iLnimal of I latio~ I IAffectecl" 
Unaf­dieldrin type ; Treated I recov- I Died fected , ered 

1 f 

! Percenl ,. Sumber ISumber INumber! Number 

o 'f ~: ~ ~ip' ~ i g II gI, ~ 
Hereford "mo-----l 0.25, 

i 

Em .] 0 . 4caWe. 

lY'._._."{ ifg ~! 
1 0 

i~ ,i, ~ IJersey 
cattle. , 2.0 WP 2 j 2, 0 0 

. 1. 0 Em 2 i 0 ! 0 2 
f .J.O WP 2: 2 () 0Sheep _____ lyr_____ \ 4.0 'Em 2 2, 0 0 

Gonts____ J2yr_____:, 4.0 Em :~ 0\ 11 2 
Horse_____ l 4-15 yr___ 1. 0 Em 3 : 0 I 0 3 

; ~ I , 
---...;...--~- ..--..-- ..--•...------•..•- ..- .... 

1 Em=emulsion; IYP=sllspensioll of wettable powder. 
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TA.BLE 25.-ReS1tlts oj repeated dermal applications oj dieldrin upon 
adult cattle 

coneen) , jrnten.aJ AnimalsItrll,tion ,For!l1u- Treat- !betweenl : IBreed Age I latlOll ,i Af­
1 	 . • of . : type I ll1ents; tr~nt- ! Total I feeted, Unaf-Idleldrm, - I. ll1_nts Itreated: reeov-j feeted
j! ; 

I 

I 	 ! cred 
-----'--- ' I , :-- ­

iPercent I !X1l1l!ber; lrreks :.\-mnber'NulnberI1Number: r O. 5 Em i 3 I 2 2 i 1 1 
.I . 5 j IVP! ~) . 2 • 2 i 1 18Hereford____ : mO··l .2~ ; E;l1 S :3 4 , 0 4 

f :. 2D!' "p 8 3 ,~ 0 4 
J I 4 :{ 5 Em 2 ; :3 1 0 1ersey ______ ', yr... ' : 5, WI' 2 1 :3 1 0 1 

• 	 f I 

Em=emulsionj I\,P=suspension of wettable powder. 

Results obtained with oral doses of diC'lc1rin arC' giyen in table 26. 
The poisoned calves deYC'loped symptoms in :3 to 5 hours after treat­
ment. Deaths occurred in from 1.5 minutes to 5 hours after appear­
ance of symptoms. Two pigs sbowed s~-mptOr.1S 2 hours after treat­
munt, Ol]e cl.ying 4 da~-s after trea tmen [;, 'while the other recovered in 
the same period. The affected horse showed symptoms 3 hours after 
trcatmC'nt and recovered in 12 hours. The onset of s.rmptoms unel 
occurrence of clC'uth were not us delayed us they were in the externuUy 
treatedllnimals. The signiiiC'unce of this diffel'ence is not understood. 

The minimum toxic dosp of dieldrin for baby calves appem'ed to be 
between 5 and 10 mg.fkg. The minimum toxic dose for pigs WfiS 

between 25 find 50 mg.fkg., while for 1101'S('8 25 mg./kg. WIl,S definitel~T 
toxic. 

TABI.)'} 26.-Re8'1Llts oj singh oral dOSC8 oj dieldrin admin1~~tered to baby 
dairy caf/'es, pigs, ad'1llt cattle, and horses -----_._. -~---..-

I Animals 

Kind of animal: Agl' DosE' 	 i--I-----,I,--------.;---I­
f Treated! :c~~~~r~"11 Died Unar­
! TCco\'creci I ferted 

______! 1___­

.{mY.!v; ! "Yumber : N1III/ber iKmnbcr II Number 
~O ! 1 0 ' 1 0 , r : 2 0 2 0 

, :3 0 i 2 i 1
CaIYCIL._ 1-2 wk.. ;" 105 2 0 0 2 
Steer. _ 1 yr. 1 0 , 1 0.. ,'{ 	 i8 11 0 0 1 

2 1. 1 0 
_,'{ 5025 : 2 0 1 0 23 wk .~ 

lO 2 0 I 0 2 
5 2 0 0 2 

Horsc.... 8ye. 25 1 1 0 0 
I.,._--'--......----- .. ­

• 


• 

• 
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, DDT 

DDT was the fiTst of the chlorinated hydrocarbon insecticides to 
have widespread use 011 man, animnls, ancl plunts. At present, 011 a 
wOI'ld-wide basis, it is still the basic insecticide of this family. Con­
sidering its widespread use on mall a.nd animals and the lack of 
authentic cases of poisoning other than gross accidents or I1ttcmpts 
at suicide, it remains as one of the safest economic poisons ever 
introduced. Both experimentl1l work and prl1cticfLl use have dem­
onstrated that it is not a.cutcly toxic in fairly high closes except to fI. 

few kinds of animals and plants. Particularly is this true of livestock. 
In our experiments we have b0011 unabl" to proeluee poisoning of cattle, 
sheep, goats, hogs, or horses by external applicatioll, the exp0riments 
conducted being summarized in tab10s 27 and 28. 

TABLE 27.-Result8 of single dermal a)Jplil'ations of DDT to 'various 
kinds of lil'fslock 

Animals 
Formu-

Kind of animal Age lation \' I 
type I . Treated j i::~t:d 

I ' _______1 1____ 

, Percent I ;,yUlllbu i iYulIlber 
CalL _____________ _ Em i 1 ! 1') 'k '{ 1. 5.11 -------------1 S.O "'IV!' 2 ; 2 

)- mo. __________ :{, 1.5L 5 ]~n1 2 I 1G S WI' 2 ' 2 
,• 

i 

Lambs_____________ i i{ 1. 5 Em 1 1 
Gw k_. - - - - - -. - - - - S. 0 Ii'!' 2 2 

Sheep______________ , 
1 '). { 1.5 Em 5 5 
-. ~r------------, 1. 5 liep 5 5

Kid_______________ _ Gwk_____________ , 1. 5 Em 11 
Goats______________ ' 1 ') , ;{ I. 5 Em 5 5 

-- F------------ l 1. 5 ,yp 5 5 
Hogs_______________ ' I~In 2 23-4, mo___________ '{ 1.1. 55 IVP 2 2 

5 )'1'... ___________ { }: ~ Em 1 1 
WI' 1 1 

I Em=emu]sion; 'WP=suspension of wettable powder. 

The results of oral administration of DDT to hahy calves and to 
shE'P,p are given in tabk 2,]. 1l1terE'sting comparisol1s can he made 
with methoxychlor in the babv calvE'S where methoxyehlor WI1S ap­
proximately one-half as toxic uS DDT and did not e'ujoy the wieleI' 
margin of safety generally attributed to it by workers using laboratory 
animals. 

• 
A lactating JersC:'y cow was given 100 mg./kg. of DDT daily for 23 

days_ The first 16 closes produced 110 evidence of toxic distm'bance. 
The last 7 doses caused the cow to lose ,n'ight rapidly. Some slight 
evidence of ll('rve stimulation was noted on the last 3 days of feeding. 
The cow was destroved to obtain fat for chemists to recoyer the 
original DDT f['om the fat. T11('rc were no gross lesions obs('['ved at 
autopsy. 
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TABLE 28.-Results oj repeated dermal applications oj DDT at 1.5­
percent concentration every 4 days until 8 treatments were given 

Animals •
Formu­
lation 1----,----Kind of .animal Age 
type 1 Unaf­Treated fected 

Number Number 
Cattle_________________ _ 6-8 mo_______________ {~p 2 2 

2 2 
Sheep__________________. 1-2 yr___ .. ____________ {~~ 5 5 

5 5 
Goats _________________ _ :-2 yr____________ .____ {~iP 5 5 

5 5 
IIogs__________________ _ 	 2' 23-4 mo_______________ {~p 

2 2 
IIorse _________________ _ 5yc________________ {~Vp ] 1 

1 1CaH___________________ _ 2-6,Yk_______________ Em 1 1Lamb ___________ . ___ 3-7 wk_______________ Em 1 1Kid_________________, 
< 

__ 
__ 

_ 3-7 wk_______________ Em 1 1 

1 ,Em=emulsionj "VP=suspension of wettable powder. 

Howell, Cave, Heller, and Gross (10) sprayed dairy cows with 5.0­
percent suspensions of DDT daily for 14 days without producing 
symptoms of poisoning. The same dosage was attempted, using 
emulsions, but skin injury resulted from the solvents and the spraying • : 
had to be discontinued. 

Orr and Mott (14) fed 3 dairy cows 100 mg./kg. of DDT daily for 
6 days, then increased the dose for 2 of the cows to 150 mg./kg. 
daily for 6 days and then to 200 mg./kg. for 6 days, while the third 
cow received the 100 mg./kg. dose for the thJ:ce 6-day periods. All 
3 cows showed nervous disturbances during the first week but all 
survived the treatment. .A. fourth cow was given 200 mg./kg. of 
DDT daily for 6 days and F.Ul'vived, although vcry severely affected. 
The same workers fed sheep 100 mg./kg. daily for 6 days, followed by 
150 mg./kg. for 6 days, and 200 mg./kg. for the thu'd 6-day period. 

TABLE 29.-Results oj single oral doses oj DDT administered to baby 
dail'J! calves and to adult sheep 

, Animals 

Kind of 	 IAge 1 Dose 	 Affectedanimal I Affected severely, Unaf-ITreated mildly recoy- fected 
ered! 	 I 

I 	 I j 
I mY./kfl'j Number Nmnber N1lmber Number 

0 1 0
Calves_________ 	 5001-2 wIe __ -___ 250 11 	 1 0 0 

0 0 8
I 100 I 	 8

Sheep__________ _ . I, 000 2 0 2 0--i{ 
l{ 	

•4-0 yL ___ < 500 4 0 3 1 
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These sheep showed no evidence of poisoning other than a loss in 
weight. Individual sheep were given 500, 1,000, 1,500, or 2,000 
mg./kg. of DDT as a single dose. The sheep receiving 2,000 mg./kg. 
was the only one affected and showed only slight nervous disturbances. 
Orr and1\10tt also fed horses DDT. One horse was given 200 mg./kg. 
daily for 6 days and did not show symptoms other than weight loss. 
A second horse was given 100 mg./kg. dailyior 6 clays, then 150 mg./kg. 
daily for 6 days, and 200 mg./kg. for the third 6-day period. 'l'his 
horse lost weight but shm\'ecl no other e,-iclencc of poisoning. 

Telford and Harwood (25) administered 150 grams of DDT to a 
horse weighing 1,405 pounds (234 mg./kg.) 'without producing 
symptoms of poisoning. 

Spicer, Sweeney, Von Oettingen, Lillie', and Neal (23) fed DDT to 
goats. They found that single doses of 500 and 1,000 mg.fkg. pro­
duced definite poisoning followed by recovery, and concluded that the 
minimum lethal close was in excess of 1,000 mg./k:g. Of 4 goats 
given 1,000 mg.Jkg. daily, 2 were sacrificed in a moribtmd state 
after 6 doses, 1 died after 9 doses, and the fOlU'th died after 11 
doses. These authors concluded that the sU<lceptibility of goats to DDT 
poisoning was clependc'nt, in part at least, on the amount of body 
iat, the goats in best condition surviving the greater number of 
doses. 

Welch (26) produced poisoniug in caWe with DDT at 500 mg./kg. 
but the animals recowrE'd. In his work sheep eho,,-ecl slight symp­
toms after a single dosE' of 500 mg./kg. and definite symptoms with 
recovery at 1,000 and 2,000 mg./kg. One sheep given 4.5 gl'fl.lllS of 
DDT daily (n.ppl'o>.-imatE'ly 100 mg./kg.) was poisoned aitE'l' 10 daily 
closes. 

The symptoms of poisoning by ])DT obsE'l'\-ed at the KeJ'n-i11e 
laboratory agrE'e with those dE'scribed by Orr and ::\Iott, Spicer 
et al., and Welch. 

TOE 
TDE is a white cr,')sla11i11(' solid that is similar to DDT in physical 

and chemicn.l pl'opertit's il.t1d, in our work, toxicity to lin'stock. 
As with DDT, we have been unable to induce poisoning by exterual 
applica.tions of this compound. The rcsults obtained in our experi­
ments a.re sUlllllliLrizecl in tables 30 and 31. 

TABLE 30.-Re8ulls of single dermal aJ)plimtions of TDEto calves, 
lamb8, and kids 

IConcen- [ Formu- ! Animals 
Kind of animal Age I tration I laLion .------,--- ­

in spray I type 1 1Treated! Normal 

--------/-----·---!-;ercc1:-li--- Number J.hwl/ic'r 
C I , ia \eS ______________ · 2 '1­ '{\I '-------------, 1. 58.0 Em\VP 12 12 

I ' : . :{J~lObs---------_--_ G ,,1'­ ____________ , 
Kld________________: 0 wk _____________ j 

1. 5/8.0 
1. 5 

EmWP 
Em 

13 
I 

13 
1 

1 Em=emulsion; WP=sllspension of wettable powder. 
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TABLE 31.-ResuZt.s oj repealed dermal application.s oj emul~'1ion8 oj 
TDE at 1.5-percent concentration aery 4. days 'until S treatment.s were • 
gi1.'en 

Animals 
Kind of animal Age -------;-----

Treated Xormal 

-------------- --------",....,...".-<~-<---.-- ~~ ------ "-----­

.YlImber XU1l!berCaIL __ ,, ________________ ; 2-G wk_______ .• ___ .. __ . 

I-iJd. _____________________ , G-IO wk____________ . 
 1 1 

1 1Lamb__________ • ____ ___ ___ G-10 wk______________ _ 
] 1 
2 2 

Cattle_____________________ 6-8 mo _________ . ____ _ 
Sheep_____________________ 1-2 yr______________ .. 

.1 5Goats_____________________ 1-2 yr_________.________ _ 

Pigs___ .. __________________ , 3-4. mo._______________ _ 5 5 


2. 2IIorse ... ___________________ , 4 yr __________________ _ 
1 1 

The rt'sults of oml administrn,tioll of TDE to baby CMYCS and to 

ShN'P arc gin'll in tahle- :33. By th.is route TDE apprars to be about 

equinLlent in aellt!' toxic pf!'l'('ls to DDT itnd approximately twice as 

toxic as mE.'lhoxychlor. ThE.' symptoms OhSl'lTPd in TDE poisoning arc 

hasicallv the same as thos\' seen with DDT and will be dpseribed at tllee 

E.'nd of ihis publication. 


TABLE :~'2_-ReNlilis of Ninflh oral d08tS (~f TD}!.: admillis{ll'fil to baby • 

dairy cah{.~ and til af/ul! slurp 


Auimals 
-----""""'-~ ._-_._- ....-..._---....., -------Kiud of 


animal 
 , A.fl·' pd Alf{·ctt'd. rnuf­. Trp'ttPu - ! ct st'Yerelv! Died•. lUlldIv . , [erted• recovered 
-.---- ---..-.­

111[/.1:9. Sum1wf, ;Yllml)(r, ;VwllT,er ' Sum/wr ~Vlt1llber 
;jO() 0 ()1I 1 0

CIl.Ives .... 1 1-2 wk. 250 1 1- I 0 0 0
IOO -1 0 0 () ·1Sheep_____; ,1-5 yr. ___ : . J, 000 5 0 0 0 5 

METHOXYCHLOR 

~lpthox.nltlol' 1;:; It. white ('('y;.;(nllinl' ;.;oEd haying lllo,ll.\' of the 
physical propt'rtips of DDT and TD.E. It is one of the h'ast toxie of 
the chloriIll1ted ]wclnWftr/)oIl imwctieidt's ;.;tudlC'd at fhe K('ITyille. 
laborl1tory. As with DDT !l,nd TDg. we hl1v(' berIl unable to induce 
poisoning of caIY('s, caUle, shepp. goats, hogs, or horses by ('xt('l'llal 
applicntions of methoxyehlOL'. The treatnwnts l'mploYNl nucl the 
results obtained al'(~ shown in tabh\s:3:~ a!ld :34. 

To date we have been able t,o produce poisoning only in baby clail'Y. 
calves by the omi i1dministl'!lLion of slIspt'T1sions of methoxychlor. 



• 

• 


• 
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TABLE 33.-Results oj ~ingle dermal applications oj methoxychlor to 
y01tng livestock 

-~-~----...- --~~-----;------:-----:--------
. . i Animals 
'c ,Formu- '-----;;--__ , oneen-l I t' ,Kind of animal Age . tration' a Ion ' 


type I 'Treated 
 Unaf­
fected 

j 1

---------,---------'--------'-----1---­

; Percent : ~'\Tu1Jlber Number
Calyes ____________J 2 wk______ --~ ---{ kg Em 1 1 

WI' 2 ,2


Kid_______ .. _______ .I G wk__________ .. __ ' 1.5 Em 1 1
Lambs__________ - __; G wk____ .. ________ r L 5 
 Em 1 1 

,yp 3 ; ;\. 8.0 3 


I Em=emulsion; WP=suspension of wettable powder. 

TABU: 34.-11e.'lulfl'l of multiph damal applicatiollB of '}}ufho:rycftlor 
(}}wlsi07U< of 1ii lUrCf'llt concentration at 4--day iMaml.'] until 8 

treatments ll'frC [lirel! 

Animals 
Kind oJ animal Age 

Treated enaffeeted 

.\"umber Number
Cnlf_.. _.. _~ .. ______ .. 2tiwk_.. __ , __ .... _____ _ 1 1
Kid __ .... _________ ...... __ .~ 2-0 wk. ____ ._._~, ______ .: 1 1
Lamb .. ____ .. _ _ _ _ , .. _.... ____ _ 2-6 wk_______ .. _________ • 1 1
Cattle, ________ .. _____ .. ___ .. _ tJ-R mo _," _ .. ____ .. __ '" __ _ 2 2
Sheep____________________ _ 1-2 yr_ .• ______ . ____ _ 5 5
Goats ___________ .. ___ ....... __ 1-2y1'__ . ________ . ____ _ 
 5 5
Hogs .. _________________ .. __ • a-4 1110. .._______ .. __ .... __ _ 2 2

Horse. ____ .. _.. ___ .. _.. ___ ........ 4 yr. ___ ... ___ .. _....~ _" __ .. 
 1 1 


.\.. tlUIllIIHU'\- of lh!' ./'l·sult;::; of ornl ullminislrntions will be found iu table 
:35aTld ineiudl'B dost's gin'TJ to ('nln's and to sheep. 

In addition to the doses tubulated. 1 sheep was ginn oral doses 
of a xylene emulsion of ml'thoxyC'hlor -1 days eHch week, each dose 
h('ing 50 mgJkg., until a totul of 21 such doses had been given, 
without produeing symptoms. Two dosps. P!lch of 250 mg./kg:, and 
one dose of 500 mg.1kg. were then giYell and 110 symplo'ms appeared. 
Thr sherp was then drstl'Oycd and t11(' Iu.t ('olle('ted for chemical 
studies. < 

Welch (B6) did not induce poisoning in tuttle by a single dose of 
500 mg./kg. of methoxy(·hlor. ShpC'p giv"en 1,000 and 2,000 mg./kg. 
W(;1'e unaffrcted, nnd 1 sheep failed to show symptoms after 60 daily 
closes of 4.5 grams of methoxychlor. 
PERTHANE 

PCl-thane, also known as Q-137, is another compound closely re­
lated to DDT. It has been applied to baby dairy calyes as an 8-per­
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TABLE 35.-Results of single oral doses of methoxychlo?' administered 
to baby dairy calves and to adult sheep 

1 
Animals 

Kind of animal Age Dose Affected Unaf-Treated severely, fectedrecovered 

my./ky. N1lmber Number Number 
1, 000 1 1 0

Calves _____________ 1-2 wk___________ { 500 1 1 0 
250 5 0 5Sheep______________ 4-5 yr____________ 1,000 4 0 4 

cent suspension, 3 being treated, without producing symptoms of 
poisoning. No further studies haye been made at this time. It is 
believed that its general toxicological picture is similar to DDT, TDE, 
and metho),:ychlor in being one of the safest of the chlorinated hydro­
carbon insecticides. 
DILAN 

Dilan, also known as OS-708, is a mi.\:ture of 1 part of Prolan and 
2 parts of Bulan. As was the case with Perthane, only 3 baby calves 
have been treated, and these were treated with 8-percent suspensions 
without producing symptoms of poisoning. Dilan should also be 
placed among the safest of the chlorinated hydrocarbon insecticides. 

Symptoms of Poisoning 
MORE TOXIC COMPOUNDS 

The more toxic chlorinated h:rdrocarbon insect.icides including 
BIlO, chlordane, toxaphene, Strobane, dieldrin, aldrin, heptachlor, 
and isodrin, are diffuse stimulants of the central nervous system. 
The e)..-pressions of such diffuse stimulation are of extreme variety 
but are predominately neuromuscular. While is it unlil~ely that a 
single animal will demonstrate all of the possible symptoms, there is a 
sufii::ient similarity between aninlals to permit recognition and 
identification of a defmite syndrome. . 

The onset of s}'mptoms may occur in from a. few minutes to days 
after e)..-POSlU'e, depending on the chemical and the close applied or 
ingested. ~Jost animals show symptoms within the first 24 hours 
after e)..-posure. The S7111ptoms displayed may be progressively 
sey-ere in nattp:e or mas k\ explosive and fulminating . 

.An affected aninlal may first be apprehensive and h:ypersensitive 
or ma:y become belligerent. Soon blepharospasms and fascicula.tions 
of the facial and cervical muscles will a.ppea!', followed by clonic 
spasms of the cervical muscles, then those of the forequarters, and, 
finally, those of the hindquarters. These spasms may be rapidly 
repeated or may appear intermittently at regular or irregular intervals. 
Ooncurrently with the appearance of muscular spasms the secretion 
of saliva begins to increase and the animal begins to perform chewing 
or champing movements of the jaws, thereby producing a froth that 
appears at and adheres to the lips and muzzle. 

• 


• 


• 
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• As the action of the insecticide grows more intellse the animal is 
increasingly agitateo, often frenzied, and begins to lose coordination . 
The animal may sLumble while walkillg, jump imaginary objects, 
walk aimlessly about, or move ill dose circles. Abuormal postures 
rna,y be assumed, such as rest,iug thr sternum 011 the ~roulld while 
the hind legs I'emain in the sLnnding position; olb('I's persIst in keepil1g 
tbe head between tIle forelegs. 

These yarious symptoms lllay progress to convulsions wbich a1'e 
clouic-Louic in nature, a('C'ompnuied by periods of paddling move­
me11ts, nystagmus, grinding of the tceth, and groaning or grunting. 
Uouyulsive seizures may be repeated at regular 01' ir1'('gulal' in tervnls, 
or, Ol1ce begun, may persist until death, 

Occasionally an animal wj]] be struck b,- a maniacal seizure and 
plunge beadlong illLo n, 1'ellee, wall, trougII, or Ot/H'I' object beforr 
faJling in a convulsion, A fe,,' animals bay(' been obs('J'\-ed to s('lee! 
an area of skin and lick at it un til the bail' and ('pide1'mis arc removed, 
usually leaving a 1'11,\\' and bleeding surface, 

In some insta,fl('('s til(' onset of s,YlnpLoms is ('Al)losin:'. the animal 
leaping into the ail' itS if stung and tben baek-iug or t\\'isting int.o a 
('orwulsion without ('xhi.bitiog UIl," prE'111011itory symptoms, 

Poisoned animals han' beE'f) OhS('lT(,cl to bpcome ('onHtLose Hnd 
remain so foJ' seyel'ul houJ's bpj'oJ'e dpatir. 

• 
Convulsin' seizu1'('s, if pI'olongNl for mol'(' !han a few millutrs, 

causE' the body tCI111)erntuJ'l' to rise sharply and 1'emnill as lliglt n;::; 
] l4°-11Go F, :'iu('h of this iIWI'N1S(' in tempE'J'lltlH'e is llftturaIJ,Y due. 
to the musculllr neti\'i!y ilwolnt! ill the sE'izw'es, but. it is our opillion 
tbat t1WI'C i::; ])1'obal>l,\" n con('ommi tnn t ill tprferpnee wi III tilt' hen [ 
regulatol'y ('('nters and m(,(,J \llisms distinet from th(' faclol' of work, 
In suell prolonged seizlu'p, ,,'spnE'a oeeurs alld death follows l'eSpil'll­
tory failure, The cCSSnliOll of pulmonary ycnt.ilntion before cardiuc: 
aJ'l'est establishes a generalizrc1 ('~ anosis, 

During the symptomil tic p('riod many allill1ills wi1J show an ex­
nggeratN1 ],E'SPOllSC to suddrn stimuli sueh HS noise's 01' moycrncnts, 
This is particularly truc \\'ilh loxnpiJenc and strolHuH', 

In marked ('onll'lls! to thpsc uctiv(' symptoms al'(' those sl1o\\'n by 
some animals wb('l'('ill Own' is seycrc dppl'Pssiol1. dl'Qwsil1Pss, ina}l­
pPlen('c, and reI Uclllll('C' to 11lO\"P nbout, fo110\\'('(1 by emacia tion and 
dehydrat.ion, Suell syrnptoms I11tl,\" pCl'sist until dC'flth, 01' thcre ma,\­
be an altCt'nation of d('pl'PssioJl nnd actiyit,\". 

The scvE'rit~\- of' th(' s,nnpt01l1R dispJaypd is dpfiniteJy not fill ind('x 
of Ih(' dlanees of nn nnimnl for SlllTiyal. Til our work. we hayc sC'pn 
nnimnls clie aftpr fl singl(•• hl'it,r eOllYulsioll, whilp Ot!l('I'S hay(' sUI'Vjvc'd 
numerous seizUl'('s of appnJ'pnt ('([lli\"nl(,llt R('\'Pl'ily, 

LESS TOXIC COMPOUNDS 

The less t.oxie ins('('[ i('idl's whieh produccd symp! oms in our ('x­
periments ""em DDT, 'rDE, and mpthox~·('hlor, nnd tllP dis('ussioll 
folJowing is ('onfinpd 10 U1C'Sl' t 11I'rp illR('('t ieidrs, 

• 
In this t,\1)(' of poisoning th(' Ilninlills JiI'Rt show ('('sti(,SSIlPSS nnd 

arc excitl1ble and iJ,nw/'sC'llsilin. 111ueh ns arC' tlte llnilllnls poisonpd by 
Lhe more toxic group, Fn.seiculnt iOl1s of (II(' JIl('in! ll1USdl's then ap­
pear, particlllarly in those of the (',n·lids, w/rich 111'(' VC'l'y rapid, ap­
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proaching the character of tremors. This mov-emen t is much more 
rapid than "with the 111.OI"e toxic compounds and is not us coarse. 
Tremors then nppear in other musc'les of the body, finally im'olving 
every skeletal muscle simuHaneously. These tremors bC'come coarser 
with the progress oJ t.ime, finally eausing the animal to sbake vio­
lently. Such' sC'izures may bc provoked almost ut will by slight 
external stimuli. DyspnC'l1, ocems "Tith such attacks. 

Following seizures, the animal is depressed and stiff. 
In the mildC'l' cases of poisoning, tremors ure absen t or inco11­

spicuous, the animal wnllcing with the pnsterns exLellded slimy, 
appearing as though on "tip-toes," nnd wnlking with short choppy 
steps. rrhis is JOllOWNI by n, period of nppurCIl t l(lminitis clming' which 
the animal walks as though uU foUl' fe('t "'el'e rxtreIl1ely sore. Dming 
this period the reflexes are slow and the animal lose's weight rapidly. 

Autopsy Findings 

In acute poisoning the lesions found UJ'e JloJ]speeifie. Due to the 
high adiyity usunlly prp('eding dpath and the eoe\'ul I'ise in body 
temprrn.Lul'e tlt('l'e is ('loudy swdling of most yis('el'a and blaJ1ehing of 
the in lestines. Sl1uill IIPJ110rrhag:es' occur nt random thl'Ollgbou L fllr 
body but al'p 1110re consistelltly found OJ! lilt' beart.. The e])ical'diuJ11 
usually shows from it few to seyeral IllllldJ'rd p('iechiul or larg('!' 
hemorrhages tending to occur pJ'imaJ'ily ill the areas acijiu'(,llt to the 
major coronary Yl'ssds. TIH'r(' mu,\' be diffuse endocanlinl hemor­
rhages. As a rule the 1ll'l1l't is in systole and the Hlyoc!lJ'diumis 
whitish in color. Tlwre nllly IJP ex('es'siYe peri('nridal fltiid. 

GeneruJl,'" although thprt' IHlVl' bel'll ex('('ptiol1s, tlH' lungs are con­
gested, dark in color, I1IHl show somf' heI110IThugps. In some Cllses 
blood-Unged exudate is pl'eSCUl ill tltt' brOll('hiol('s. The luugs lllUY be 
('deIl1atous. In some ('ases the illVolY('I1Wllt is lobular OJ' lobur rather 
ilJfin diffuse. 

In cases of oJ'al dosagp there maylw it mild gnslrocnteJ'itis, 
The brnin and spillal e01'd are usunll.,' ('ollg('stpd n ud freCju('J1 tly 

ed('matolls. Th('I'(' is fl'l'quently nn ('x('pss of C'l'l'ehrospinal fluid 
attaining high pr('sSllr{'. 

In chronic casps the fon'going 1('si(l1ls oenlr, togetlwr "wilh d0­
genern.!i\'(' lesions of th(' lin'r ftnd kidnpys. Therp is usunlly n. loss 
of weight immediotply hl'fore dealh, u('('ompnnied by dC'h.\:dl'ntioll 
olld gelo tillization of 01' absenee of fat d<'pots. 

Micropathology 

SUl11matioIlS of mi(,l'os('opi(' findingB nr'p to 1)(, Jouud in table aGo 
As may he exprc{C'd. the mi('l'oscopic ]c'"lOIlS 1'0110'" thosp ol>sl'lTed in 
the gl'OgS specimellB--eOJlp:pstion, ('loudy s,,'plJing, hp])1ol'l'llilges, Hnd 
edema ill t11r (IC'UU' ('OS(,S, with lll'(')'Osis, ffltt~' ('hnngt's, and \'HI',Ying 
dl'gC'lwl'atioJ)s of tIl(' Jiv('r nnd kidnt'y Iwing thl' most. fn'CjuenLl.Y 
obsern'd jll those SUI'yj\'lng for the lom;!;l'st l)('l'iods. Cong('stiol1 with 
cloudy sWPlling ll11d slllull llC'J))OI'l'lwg('s occur in the IJl'nill Ilnd spinal 
conI. 

• 

• 


• 
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TABLE 36.-jlt[icroscopic lesions found in cases of acute poisoning by 
• chlorinated hydrocarbon insecticides 

----------------~----

Organs and total number examined 

-------r-------------
Findings Cerc­ Cere- SpinalLi\:er i Kidney! Lung brum bellum' Cord41 i 42 , 9 28 24 ] 9 

'------- - --,------~ --­
?-


Hemorrhages__ . _ . 0 14 6 

Congestion___ • __ 29 _I 9 21 ]8 ]:3 

6 10 4
Cloudy swelling____ . 26 29 0 8 7 7 
l~atty ~banges____ 21 2 0 0 0 0.N ecrosls ___________ 11 2 0 1 0 0
Degenerative changes" __ . ____ , 2 ]0 0 ] 0 ] 
Increased cellularity___ . 1 12 0 0 0 0
Exudates present_____ . 200 0 0 0 :lEdema______________ . __ 0 2 0 0 J I 
Pericellular vacuolation. _. 0 0 0 J8 ] I 5 

..- .~- ---.--.-- . 

• 

• 
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PART II 

Organic Phosphorus 'nsecticides •
PARATHION 

Parathion has found wide acceptance for usc against insects feecling 
on plants. In some countl'ies its use on livestock has been advocated. 
At this time its usefulness in the 'Cuited States is chien)- against p]ant­
feeding insects. Dangers to livestock are the c-onsumption of par­
athion-treated plants and n'sic\ues spilled by operatOl"s of spmying 
and dusting mac-hillery. To obtain comparative toxieit), data we 
have treated a !lumber of animals with this materinJ. 

Results of single derma] applications of parathion art' givc'n in 
table 37. Poisoning may be expertpd to oceUI" in baby .Terse)' ('a]ves 
at C'ollcentrations as low as 0.01 perC'Put while definitl' lethal efreets 
will be noted at 0.025 pprC'enL "'hl'ther till' insecticidC' is app]jpd as an 
emulsion or as a SuspI;'l1sion. 

TABU: :37.·-~R(',~u1ts of 8ingle dermal applications (spray.';) (~f parothion 

to baby dair!! wlrps, slm·p, and goat8 


Animals 
Coneen- FOl'lIl11-Kind of 	 -....--.-.---~ ------"-.-------_._...........-


Agp tra tiOll lationIlnirnlll 
in spray lyp<' 1 Affected (-naf-Treated Dirdmildly fectpd 

------ - -,._--- -~----- -~ -,-,......,~ .. ....- ---- "'-'------- --- _.-... ----.....-­
Per('elll SUlI/iJl'r SUIIt/lfr Siltl/Iil'r Slllllbl'r •

U.25 	 WP ·1 0 4 0 
· I Em I () j () 
.05 Em :~ 0 ;~ ()

\\-PCalvrs ___ 	 · U5 4 U 0 

.025 '1'1' -I 0 : 2 2 


1-2 wk,._ 	 " 

,025 Em :~ 0 2 J 
.02 Em 1 1 I 00 !.01 Em a 1 0 2

Sheep. _... 1-2 ~\T. ___ 1.0 Em 1 () I 1 0 
GoatH____ . 1-2 yr. __ .. { LO Em ] () 0 

· 1 Em 2 0 0 2 
_r____! I 

J i 
-. .---.~-. ~ ~-, .. - ....... _- i


-.".~ ­

t Em=emulsion: WP=suspension of wet,tllble powder. 

Onsct of s,YmptolJ1.:' wns fiS carly fiS 1 hour nfter lrentnwnt nnd as 
late as 8 h011rs. DCflLh o('rul'l'ed from 4 hours to 5 days aftC'I' tr(>a,t­
ment. Because of thC' eclpma find ('ong('stioll whirl! <i(>n']op during 
the course of pill'alhion poisoning (hC'l'e is dnngC']' of subspqupnt 
pneumonifi, lind dcath may OCCUI' sr\'('l'ul w('('ks nfter treatment. 

R('sults of oml administrations of pnrnlhion to hnby enh-es, ('aUk, 
and shcep arc summarized in (a1>]p :18. Pal'n lilion is tllp most toxie 
of all til(' il1se('lici(ks sfudil'd at [ilis labOl'llloJ'.\-. A. singip closp of 0.:') 
mg.jkg, WfiS sufficirllt (0 poison hnh,\' I'uin's, For ('ntlie', t!JC' toxic 
dose is man,\' limps [iln.[ fOl' ('ninR find .110 poisoning I'PSUitNI fl'Oll1 • 
doses of 25 rng.lkg. SIIl'<'p '1'(>1'(' poisolH'(/ hy 20 mg./kg. but no[ b.\" 
10 mg./kg, 

34 
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TABLE 38.-Results of admini.stering single oral doses of parathion 
su-spension.s to d.airy calves, cattle, and sheep 

Animal 

Kind of , I I 
animal Age Dose Affected j 

']'reated : Aff.ected IseVerelY,. D' d . Unaf­
. 	 ! mlldly reeo\,- iI Ie i fected 

, ered . 

mY['{ l'tumber 
3 

. N1lmber J Number I Number I N1lmbcr 
ot Ii 2 0 

Calves ___ _ 

Steers. ___ _ 

{1-2wk.__ ., 

1 yL ____ { 

Oo.~_ . -() 

25i 
8 
4 
2 
1 
1 

3 
0 
0 
0 
0 

2 
0 
0 
0 
0 

0 
0 
0 
0 
0 

3 
4 
2 
1 
1 

, i5'1100 
1 
2 

0 
0 

0 
1 

1 
1 

0 
0 

Sheep_____ 1-2 YL._ ~! 5 
5 

0 
0 

2 
0 

1 
I 

2 
4 

10 0 0 0 10 
I 0 0 0 1 

EPN 

EP~ is anoth('r phosphorus compound similar in many respects to 
parathion. At present its 11S(,S IU'(' limited to th(' ('on trol of inseds 
other than those on animals, anel the pl'inC'ipal souC'res of poisoning 
wjJl pl'obabl~- be treated forage, or materials spillNI during COil trol 
operations or othen\-ise left exposed. 

Resuits of single applications of sprays of EPN [0 haby cla,i.l',Y calves 
nrC' gi,-C'n in tab](' 39. From those' cInta \\-C' TIlll,;\- conclude' thnl EPN 

TAIHJI~ :W.·-·l?f,~uIl8 of ,~infll( drl'nwl applicationg (.~Pl'(/?Is) oj EPN 
applied to dairy mIres 1 to 2 1tre/"-8 of age 

Auimals 
COIH'PIl-. Forll1l1­,Kind of anilllul 
{ra.f ion lat iOIl Affpctedand agr ill spray lype t 	 l~J1af­Trralpd severely,

rceo\,- fpcied 
Ned 

......_-­ -.~---~ ", .. -" 

Percenl SumliN Number XUlI/hi'r ,\-umber 
1, 0 EIIl 2 0 2 0 

( 0.5 ; Em 2 0 2 0 
0.25 EIll a 0 a 0 
0.25 ,'VP ,.I 2 2 0

Calves, 1-2 wk_ _ ___ _ _ O. 1 ',', Em a 2 0 1 

1 
0.05 'WI' 5 0 0 5 
0,05 EIll 5 2 0 3 
0.025 Ern {j 0 0 G 
0.02.5 \rl' :3 0 0 :l 

I Ern=ernulsionj ,VP=suspension of wettable powder. 
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is roughly equivalent in acute toxicity to gamma benzene hexachlo­
ride, occasionally producing poisoning at concentrations of 0.05 per­
cent. The results of oral administration of EPN to calves, cattle, 
and sheep are given in table 40. 

TABLE 40.-Results oj single oral doses oj EPN administered to baby 
dairy calves, adult cattle, and sheep 

Animals 

Kind of 
animal Age Dose 

!Treated 
Affected 
severely,

reeD\,- Died Fnaf­
fected 

1 , ereel 

Number Number Number Number 
1 1 o o 
2 1 o 1 
2 1 o 1 
3 o o 3 
1 o o 1 
1 o o 1 
1 
2 

o 
o 

1 
2, 

o 
o 

ai 
4. 

10 

2 
1
0: 

1 i 
2 j

01 
o 
1 

10 

The symptoms and lesions exhibited by the animals poisoned in 
this series are similar to those shown b~y parathion and other mem­
bers of the cholinesterase-inhibiting series. Onset of s~ymptoms 
varied from 30 minutes to 24 hours after treatment. Death usually 
occurred within 24 hOUTS of the onset of symptoms. Recoveries fronl 
sublethal doses were complete in 24 to 96 hours fifter the onset of 
symptoms. 

MALATHION 

~Jalathion, like parathion and EPN1 produces cholinesterase 
inhibition. Its acute' toxicity is less than either parathion or EPN, 
being ('quival(,l1t to toxa,phene. 

At pr('scnt th(,l"c se(,1l1S to be a wide field of application for malfl.Ul­
ion, and its use on fl.nimals hfl.S been suggested. The dfl.l1gers for 
the present are t11os(' associated with the ingestion of trefl.ted forage 
fl.nd cfl.r('l('ssly cxpos('d mn.t(,l'ial in conc('ntmted form. 

Th(' results of dermal 1I,pplicn.tions of mfl.lathion to baby calv('s 
arc gin'n ill table 41. The minimum toxic concentration would 
appear to be between 0.5 and 1.0 percent. Such applications have 
not been made to other animals. The resulls of oral administration 
of malathion to baby calves fl.nd to sheep are given ill table 42. The 
minimum toxic dose for baby calves appears to lie between 10 and 
20 mg./kg. B)t this route malathion seems much safer than toXfl.­
phenc. Howcv('r, the number of animals treated was small and the 
figurcs nlllst be acccpted accordingly. Sheep tolerated 50 mg./kg. 
doses but werc poisoned by 100 mg./kg. and all higher doses. 

• 


• 


• 
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• 
The symptoms and lesions of malathion poisoning are basically 

the same as for the Test, of the organic-phosphorus family of insecti­
cides. 

TABLE 41.-Reslllts oj single dermal applications (sprays) oj malathion 
applied to baby dairy calres 1 to 2 weeks oj age 

Conecn- FOrIllU-
Kind of animal and age tration lation 

in spray type 1 D' d ! 1;naf­Treated 
e 1e feeted 

Percelli .Yumber Xumlier Xumber r Em 21 0 21 
1.0 \yp 4 3 !Cah'cs 1-2 wk_ . ... --- ... -~- O. 5 \YP .1 0 4 
O. 2.~ 'Y1' :3 0 3 

1 Em ~emulsiol1; \\'1' "-'SIlSIH'l1sion of wettable powder. 

T.\BI.J·; 4'2.~ell(,~llltg l!f gill!l/c ",ral dosts l!f trIa/athioll wlmini;';[(I'NI to 
baby ('alr(.'; alld tlJ (JIi1ilt Shff}J 

Animals 

• Kind of 
animal 

1111'. kl/. .\'lIm/lrr .\'umiJer .\' IIm/u'T .\'1I1I1bN XU/I1b(,( 
o j.iO () 

! 

I ] 0 I 
I 2 wk '20 0 1 2 0 G 

10 i} 0 0 [) 5 
:JO{) 2 0 I I 0 

[ 20D 2 I I () 0 
2 yr \liiO :{ 0 I I I 

100 :\ () I 0 2 
50 J() () () [) 10 

DIAZINON 

• 

Diazinon is OlH' of Ihp most rN'PJltlr d('n'lo1Wcl phosphorus in­
seC'ticid('s. 'I'll(' 1'('sul Is of Sill~l(' dPt'mnl appliC'atiOllS to hn,l>.\· enJyC's 
are ~iyen in table 4:~. '1'11<' l'Psults of adminlstpring sin~l(' dos('s of 
Diazinoll to ruIn's, cMtl<'. aBd shppp nl'(' ~i'n~n in labk 44. The 
minimum toxic dos(' for baby ('alvl's S(,PIllS to b(' just undt'J.' 1.0 mg./kg., 
that dosage causing ddillitC' s!(>ppin('ss in half of the ealns so treated. 
Howeyer, Djazinol1 np])(,fll'('d to ~ln' tIl(' animnls a (}PUPl' dllll1Ce of 
recov('rr thl111 did pal'l1(hiOll ,Y]}('Jl th(' cakes \\'('1'(' afl'('('ted to approx­
imately th(' Sl1me C'Xlplll. The minimum toxie dos(' for sh('cp was 
just under 30 m~./k~" that dOSflg!' proclueing only nry mild syrup toms 
of pojsoning. For adult caUle the minimum toxic dos(~ sC'cms to be 
between 10 and_25 mg./kg. 
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Diazinon was repeatedly observed to differ slightly from the other 
members of this group in the production of symptoms, in that the 
intoxicated animals always passed through a period of drowsiness 
before exhibiting the more typical symptoms. 

'I'ABLE 43.-ReS1lIts of single dermal applications of Diazinon as sprays 
to dairy call'es 1 to 2 weeks of age 

Animals 

Coneen-: 
I 
Formu- !Kind of anima! I ' Affeet- Iand age tration lation Affect- ed se­

in spray! type 1 Treat- d "ere!y Died !Unaf­: ed e , fected , mildly, recov- I
eredI----------1---'--- ---,_-_1 '___1___ 

I! ,,' I I II Perc~nt ~ Number, Number ;Number !Number ,Number :{a. ~_ Em I ~ 1 1 ! 2 ! 0 ! 0 
: O.,.;J Em () : 2 0 1 2 

Calves, 1-2 wk______ ; 0.1 ,Em 5 0 i 0 0 j
I 

5 
! O. 1 WP 5 2 0 0 I 8 
i O. 05 \'11' 10 ' 0 0 0 ! 10 
----- -- ._-- ­~ 

1 Em=ellllllsion; W1'=suspension of wettable powder. 

'rAm>}} 44.-HesultH of administering sin{}le oral doses of Diazinon to 
baby dairy call'es, cattle, a,nrl sheep 

Animals 

Kind of Doseanimal Affected' Affected, Unaf­Tre:lted mildl r severely,; Died fected} recovered 
I 

i ! ( 

Xwnber) Number I: Number: Number! Number 

~ll g g!l 6 g 
8 6: 0, 0 2 
2 0 0 0 2 
] 0 Ii 0 0 

i:)teCl'lL. 1)'1". . 2 0 0 1 0 2 
1 0 0 0' ] 
3 8i 0, oi 0 

Sheep. :{ -,I yr. n 0 0; 0 1 9 
2 0 0 0' 2 

BAYER COMPOUNDS 0 

The Bayer CompallY o( Germany bas produced several new phos­
phorus insec.iici<iC's. Only olle of thC'sl' materials hits received tl, ('om­
mon 1111111(', the n'mn.indt'r still bring known by numbers. Becausl' 
o( promising expC'I'im('nLn.l ]'rsulls in the entomological field, and in 

6 l\Iention of trade lltLlnes or comptLnies dOt,s not eonslitute endorsement by the 
Department of Agriculture. 

• 


• 


• 




• 


• 
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order to present the data presently available 011 these compounds, 
the following data arc included in til is report. 

Bayer L/13/59 is olle of the more promising of thi!'; group. ResuHs 
of administering single oral doses of this eompollncl Lo haby calves 
and to cattle are givnll in t,ahle 45. From those datn. it; ap})('n.rs that 
the minimum toxic close for baby calves is beLw('('n .5 and 1.0 mg./kg.; 
for cattle, between 50 and 1.00 mg./kg. FiYe baby dniry calves have 
been sprayed with this compound aL 1 p('rccnt, 4 at 0.25 percent, 
and 1. at 0.1 pcrcent without producing symptoms of POiSOllll1g. No 
higher doses have been applied. 

TABLE 45.--Results oj administeriny single oral doses oj Bayer c01npolUul 
L 13/59 to dairy calves and cattle 

----------~----------~----~---------------------------

I i______~----A-n.-i~ln-a-IS----~------
Kind of animal Age Dose I I IAffected i 

rnaf­ITreated Aff~ctedl severely,:,' 
, nuldly recovercd, fectedI ! i I ;

-------------'----------, i ~ '---- ­
! ' ~i , my./kg. i Number; Number Number NUlIlbfr 

Calves _______ J 1-2 Wk_______ !{ 19 I g! g 6 , g 
Cattle________ _ 1 "I' !J ~gg ~ V 6i g

.' -- _~~_~~-Jl_____~_g,_ r .___g_:._____g__,I______~ 
.--- ---

ChlorLhiol1, also known as Bayer 22/190, is 011(' of Ulf' I('ast toxic 
of tbis group. Results of single oral doscs of ehlOl'thion a/'c givPI1 
in table 46. It appears that the minimun. toxic dose of chlorthioll 
for baby dairy cahres is betwpcll 50 and 100 mg./kg. One yearling 
Hereford. heifer was givPll 50 mg./kg. of dlIol'lhion without producing 
symptoms. 

Bayer compound 21/199. Rpsults of single d.Pl'lnal applications 
of this compound are given jn tabIt' 47. From the clatn. there })1'P-

TABLE 46.--Results oj administering sinyle. oral doses oj chlorthion 
(BCLYl'7' 22/190) to baby call'es and adult cattle 

------------~-.-----------;------....-------------
J I Animal:; 

Kind of animal ])ose iI 
Unaf­: Treated i Diee! fected

I i---------------1----------- -----------­
i mg./ky, N11.mber NmnlJe1' Nmnber 

1 1 o 
100I 1!1 50 1 : 0 1Calves _____________II-2 wL _________ : ~g 

1 0 1 
] 0 1Heifer__ • ___________ ,1 1 yL.____________ 50 1 , 0 1 

i 

http:ap})('n.rs
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sented, the minimum toxic concentration for baby calves appears to 
be between 0.25 and 0.5 percent. One yearling HerefOTd heifer was 
given 50 mg./kg. of compound 21/199 and diNl of poisoning; a similar. 
heifer given .25 mg./kg. Wl.',S lmafl'ected. 

These phosphorus compounds produced symptoms and lesions 
similar to those observed with the other cholinesterase-inhibiting 
compounds. 

T~<\CBLE 47.-Results 	of single dermal applications of Bayer 21/199 to 
dairy calves 1-2 weeks of age 

f 

Animals 

Concen- Formu-I 
Kind of animal and age tration lation IAffectedin spray type 1 	 Unaf-Treated !scverely, fectedrecovered 

Percent N1lmber Number N1lmbm' 
1. 0 WP 2 0 2 
O. 5 WP 5 ] 4 

Oalv",. 1-2 wk________________ { 0.25 
O. 2 

WP 
WP 

5 
2 

0 
0 

5 
2 

O. 1 
O. 1 

WP 
Em 

3 
1 

0 
0 

3 
1 

1 Em=emulsion; \VP=suspension of wettable powder. 

Symptoms of Poisoning 

All the phosphorus compounds used in om experiments produced 
symptoms of poisoning that, to us, are iudistinguishable. The symp­
toms shovm are those associated with destruction of or interference 
with the enzyme that destroys esters of choline. 

Poisoned animals generally fn'st show !:'xcessive salivation. The 
flow is abundant and the consistency of the saliva approaches that of 
water. Th!:' animal then usually encOllllters respiratory clifficulty and 
breathes 'with the mouth open and with greatly exaggerated respira­
tory movements. As the respn'atory effort incr('ases the animal walks 
stifFlegged and wandN'S about restlessly. Fasciculations of all skeletal 
muscles are present. Eventually exhaustion forces the animal to lie 
down. As death approaches there are loud Tales from the lungs and 
the animal grunts softly. Death appears to oCCur by suffocation. 
Only with the very highest doses have convulsions been seen. 

Oompollllds that inhibit cholinesterase vary widely in that activity. 
For that I'eason I'esults of c).-perimeJlts may b!:' drastically affected by 
the presence of other closel.Y related compounds as ilnpmities. Since 
commercial productic)l1 will rarely be a chemically pure product we 
may expect that OCcaf;loJlally there may h(' poisonings resulting from 
entirely rational doses. 

A second factor in proclucing variable rcsults with thesc materials 
goes back to individual susceptibility, rccognized for all species of • 
anilnals and most, if not all, poisons. In the case of the organic 
phosphates, a part of the individuH.1 susceptibility is clue to the 



ACUTE TOXICITY OF CERTAIN INSECTICIDES TO LIVESTOCK 41 .. cholinesterase reserve of the animaL It is possible to lower the reserye 
progressively by small doses of inhibitors to a threshold beyond which 
poisoning will be produced by minute additional doses of inhibitor. 
Thus it is that animals maintained alongside of or on frequently 
treated fields or pastmes may gradually have their cholinesterase 
reserves reduced to the vanishing point, thereby increasing their 
susceptibility to cholinesterase inhibitors as well as to cholinergic 
(h'ugs that may be employed in the therapy of certain conditions. 

Autopsy Findings 

In acute poisoning by cholinesterase-inhibiting insecticides the 
lesions found at autopsy are never outstanding and never pathog­
nomonic. In many cases the autopsy" findings are entu'ely negative. 

In those cases showing lesions, there may be hemorrhages of varying 
sizes on the heart, lungs, or gastrointestinal tract, not consistent in 
theu·location. The lungs may be congested, and are often edematous 
and heavy. Frothy exudate is oitenpresent in the bronchi and trachea. 

In cases whe:e the animal was affected over a prolonged period, 
pneumonia may be observed. In 0UI' experience several cases have 
suggested pneumonia by the chamcter of breathing only to present a 
perfectly clear pair of lungs at autopsy. 

• 

• 




SUMMARY .• 

Studies of th(' a('u It' loxieit \- of 12 ehlorinatpd h"nh'o('arboll lilsecti­
('ides for liY('stoek haY(' b(;('ll pn'sPllt('d, iIl('lucling DDT, TDE, 
methoxyehlor. Pl'rlhan('. Dilan. BBC'. lOXllplH'IH'. C'lJlO!'(litll(,. hepta­
ehlol' , aldrin. diddrin. and Strohanp. '1'hp Mucli('s W('l'(' dpsignpd to 
determine the minimulll toxic iLm[ maximum safl' dosps of tlH'5(, com­
pounds when applied to the skin as sp]'a~-s or dips. or ingpstt'd. Rp:mlls 
han' beell tnbulat('d for the sake of brpyity. 

These 12 compounds \,pre uspd to tr('al 1,441 hpiI.d of li\-pstock. of 
which llumber 171 Wl'!'P cldinitely poi8ollNl but rpcon'I'Nt compll'tply. 
while 184 poisoned animals diN!. The sy:mptoms displn,y('([ hy t11('8(, 
:355 into).-icatpcl a.nimals ha;-l' bp('n summarizpd in t\n) sl'ctioJ1s. Oll(' 

concerning tht' mor(' toxi!' and 111p othpl' thp It'S5 toxic compounds. 
Lt'siollS obsPl'n-d in tht' 184 animals that dil'd of poi,:;onillg hn.Yl' ])('l'11 
sUIlll11arizpd in 11 likp millllH'r, whilt, the' histologi('alfilldings in a 
proportion of thl's(' animnls han' h('t'l1 pn'sl'llt('d in tn.hult"u· form. 

In a similar mamH'r thp minimum toxic' mHl maximum sttft' dOSltgPS 
of se,(,11 organic phosphtttl' ins<'dici<lt's haY<' 1)('('11 dl'tp1'mlIH'(l'oll 
liwstork, including malathioll. EPX. pnmthioll, Diuzinon. Bfi.~-('r L 
1:~'59, BaYl'r 21199, tUlll ehlol'lhion. TIll' tn'alm('l1t;; \n'n' appli('d IlS 

spruTS or ndminist('l'pd orally, to a total of 2SS IH,tHl of liwstock. In 
this total of 2SS tllliulllls. 54 'n'l'l' POiSOlH'd hll t lllade ('ompll'tp 1'('('0\'­

prj(,s, whitt' 45 \\'('1'(' POiSOlll'd (ulll di('(L The symptollls tlisphtyp(.l by 
th('s(' 99 ill t oxieu.tl'd !tnimuls haYl' ]H'Pll SUllllllllI'izpd fo1' till' ('11 tin' 
group. A simillu' SUlllmltl'y is ginll of the' ll'siollS obs('n'p(l jn the 4-5 • 
fatn.l easl'S _ 

_A. sUIDillllry of minimum toxie alld maximum sllft' dO,ll'S ap]lPill':' ill 
tuN!'s 48 and ..HI. 
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• 
TABLE 48.-A summary oj the minimwm toxic and maximum nontoxic 

doses oj insecticides! applied as sprays to livestock through Jan­
uary 15, 1954-

I:Maximum 11Vt:inimum 
1 nontoxic I tm";cChemical Animals Age i dose I dosei tested I found 

.--~---.--.---

P('I"("(,1I1 P('1"("(,'II.1 

ICah'(':; 1-2 wk O. J 0.2.5 
.\ldrin. [Lambs - 3 wk. . -10 

Kids. 3 wk. -I. 0 
1-2 wk. 0.025 0_ 0;) 

Ca\v(';; . 0-8 mo._ 0.15 
Cattle.. Adult . O. ] 0,25 

Bile', gall1l1ltl 	 Lambs . (j wk. 1.0 

SI1('cp Adult 1.0
r'"Pigs _ 3 mo_. LO 
Hors('" Adult O. 15 

'('ah'(,,, . ! ]-2 wk. O. 5 ].0 
ttl AdulL 2.0 

Lamh" 3 wk.. LO 2. 0Chlordane She(']) Adult :). 0 -1.0r' 

• 
Goats.. _ A.duiL :,.0 -1.0 
Horses. Adult 1.5 
Cah'(':' ]-2 wk. 0.1 0.25 
Cattl£' .. Adult. 1.0 2.0 
Lamb!' 2 wk.. 2. 0 3. 0 

Dic1dJ"iIJ· ._ . . 	 811('('p. Adult... ..t 0 
Pigs 8 wk..... -1.0 
Goats. AdulL. -1.0 
Hors('. Adult 1.0 

! Cah"c;.; 1-2 wk. 0.2;) 0.5 
JIeplachIor. : Cattl(, 1 yr.•.. 0.5 

iLambs :) wk.. -1. 0 
Stro\>tIlW Cah·e.~ .. , 	1·-2 wk. 1.0 2. 0 

1-2 wk O. 5 O. Iii 1.0 
Adult 2.0 .1. 0I~~:~.r.: (j wk__ .Lamh,; .:J. () 


Sh£'('p.. Adult. _ 1.5 .1. 0
Toxaph('ll(' Kids. li wk. -1. () 

(;oa tl'•• Adult. 1.5 •.1. () 

Hogs. Adult .,t.O 

Hors(':; Adult 1.5 


Hnwl" 21 .j (HI Cah'es 1-2 wk.. 0.2 D. 5 
.Diillliuoll . C'nh-(';; 1-2 wk. 0.05 D. ] 
EI'X ('u1\'('s. 1-2 wk. O. 025 0.0.., 
:\l:Llal Ilion ClIly('s 1-2 wk.. O. i:i 1.0 

IC'ah-('!' 1-2 }T_•• 0.01 
Parathioll I ~h('('p 1-2 F--- 1.0 

f (~oat~ 1~2 yr•.. O. ] 1.0 

1 DDT, TDE. uH'thoxyehlor, Dilan, und Prrllmn(' \\'('~e llolltoxic to btLby calves 
at 8.0 p('r('('nt cou('('ntmti()ll. BtLYl'r L J8f5H \\·us Jlontoxic Ht J perc('lIt. Higher 
doses han' not b('{"n llJlPli('d, Data Oil ehlorthion as II spray are inconclusiye. 

• 
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TABLE 49.-A summary of the minimum toxic and maximum nontoxic 
single doses of various insecticides 1 administered orally to livestock 
through January 15, 1954 

,Maximum ,Minimum 
nontoxic toxicChemical Animals Age dose dose 

tested found 

n/g./kg. ma./kg. 
. rCalves- ____ 1-2 wk_____ 2.5 5.0 

AldrID____________________ 'lCattle------ 1 yr._______]O 25 

Sheep______ 1-2 yr______ 10 15 


fCalves----- 1-2 wk_____ 2.5 5.0 

BRC, gamma_______ ------lSheep------ 1-2 yr._____ 10 25 


Cattle_____ 1 ~rr________ 10 25 

ChI d {CaIVeS_____ 1-2 wk_____ 10 25 


or ane._ ,----.-------- Sheep ______ 4-5 yr______ 50 100 


l

DDT {Cah.es_____ 1-2 wk_____ 100 i 250 


----- . -- Sheep ______ 4-5 yr_____ ----------1 500 

calves----- 1-2 wk_____ 5 10 


D · ld . Cattle______ 1 yr._______ 10 25 

Ie rID__ --- Pigs________ 3wk_______ 25 50 


Horse______ ____________ __________ 25 

Calves _____ 1-2 wk_____ 15 25
H eptachloL__ . . .. - - {Sheep__ ____ 4-5 yr______ 25 50 

Calves _____ 1-2 wk_____ 250 500 


~fethoxychlor__ _ - - - - --- {Sheep______ 4-5 yr._____ 1, 000 _________ _ 

Calves _____ 1-2 wk_____ 10 25
Strobane___ _ _ - - {Sheep______ 1-2 yr______ ----------1 50 

Cah.es_____ 1-2 wk_____ 2.5 5.0 


Toxaphene___ . .-- Sheep___ .-- 4-5 Yr______ 10 I 25 


TDE.____ ,' __ .. _ 

{ 

g~~~~===== -i::.2-~~,k===== ---i66---- 2~g
----- {Sh,eep ______ 4-5 yr------ 1,000 1_________ _ 

Calves _____ 1-2 wk_____ 5 10
Bayer L 13/59__ - { Cattle_..L ___ 1 yr._______ 50 100 

_ {Calves_____ 1-2 wk_____ ~O 100
Chlorthion__ .. Cattle______ 1 yr._______ ;:,0 _________ _ 


fCalves _____ 1-2 wk_____ , 0.5 1.0 

Diazinon ____ _ ___ ',Cattle______ 1 yr._______ \ 10 25 


.Sheep ______ 3-4 yr______ 20 30 

rCalves_____ 1-2 wk_____ 0.5 1.0


EPX____ . -lCattle------!1 1 yr.----- __ l 10 __ 0 ______ 
_I Sheep ______11- 2 yL.____ ; 10 I 20 

.1{Calves_____ ; ]-2 wk___ ._: !O I 20
l'lalathion _ ' ' , Sheep ______ l 1-2 yr._____ . ;:,0 ]00
;1 Calves_____ 1-2 wk_____ ' 0.25 I 

j 

0.5 
Pa.rathlon __ _ ,.,[Cattle______) 1 yr_______ 4.0 1--."-2-0---

Sheep____ __ 1-2 yr.___ __ 10 


lOne yearling Hereford given 50 mg./kg. of Bayer compound 2]/199 died 
of poisoning; a similar heifer given 25 mg./kg. was unaffected. Perthane and 
Dilan were applied to baby dairy calves as an 8-percent suspension only, without 
producing symptoms of poisoning. 
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