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The Acute Toxicity of Chlorinated Hydro-
carbon and Organic Phospherus Insec-
ticides to Livestock

By R. D. Radeleff, George T. Woodard, and W. J. Nickerson,! velerfnarians,
Animal Disease and Parasite Research Branch, and IL. C. Bushland, entomologist,
Entomelogy Rescarch Branch, Agricvllural Rescarch Service

INTRODUCTION

Sinee 1947 the Bureau of Entomolozy and Plant Quarantine and
the Bureau of Animal Industry (now Entomology Research Branch
and Animal Disease and Parasite Research Braunch, respectively)
have been conducting ecoperative investigations on the toxicity of
cortain insecticides to livestock. These studies have covered the
msecticides developed for commercial use sinee 1940.

Portions of these studies have been published from time to tune
(3, .4, 13, 16, 17, 18, 18, 20, 21* but it now seems desirable to have a
compilation of all the data obtained concerning the acute dermal and
oral toxiciiv of these materials. The experiments ® reported here were
conducted af the Kerrville, Tex., laboratorics of the TUnited States
Depariment of Agriculture.

The cxperimental approach used in the investigations at Kerrville
devintes somewhat from that of reseavchers who make use of labora-
tory-size animals and strive for a clearcut median lethal dosage as
their product. Qur objective has been to determine the maximum
dosage that might be applied or adminiztered to an animel without
producing observable symproms of peolsoning, and to determine the
minimum dose that might be cxpected to produece such poisoning.
The numbers of animals available for our experiments were fewer than
weo would ke, but we believe we iave obtained enough data to ndicate
safe doses for livestock.

While our primacy eoneernt was to eatablish safe dosea of insecticides
to apply externally Tor the control of parasites feeding on animals, we
alsn attempted to determine the oral doses which might cause poison-
ing should an animal drink insecticidal formulations or otherwise
ingest the inseeticides.  Many of the insecticides discussed have not
been recommended for use on animals, but may he available to them
on treated foeds, ov throngh eareless storage of insecticide concentrales.

1 Dr. Nickerson resigned from the Boreau of Animal Indusiery in 1932,

? Ttahe numbers in parentheses refer to Literatire cited, p. 45,

3 Portions of the experiments reported in thiz bulletin were supported by grunts-
in-aid of wvarious amounts uncer formal cooparative agreements between the
Department of Agriculture and the following Industrial groups: William Cooper
and Nephews, Hercules Powder (ompany, Ilumble Cil und Refining Company,
Julius Hyman and Company, and the Velsicol Carporation,
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The potential hazards of continued exposure of animals to insecli-
cides, and the residues appearing in meat and milk following trealment
with or ingestion of these insecticides, are discussed in other reports
{8, 6,17, 20, 21}, or will be discussed in the near future.  This report
voncerns only the acute oral and dermal toxicity of these insecticides.

GENERAL CONSIDERATIONS

Toxicity has been defined as the quality. state, or degree of heing
poisonous, and a poison has heen defined as an agent which, when intro-
dueed (espeeially in small amuunis) inlo an organism, mayv produce an
injurious or deadly effeet. These definttions will he aceepled for the
purposes of this report, partieularly in that the word “loxic” will be
used to denote an injurious offeet, whether lethal or not.  Lethality
will e stated i positive manner.

An mseetieide may gain entvy into the hody by wny of the digestive
tract, tle vespiratory tract, or the skin. Tn the experiments deseribed
i this report only two el sumels are volved —the skin and (he diges-
tive frael,

The toxie effcets of the insecticldes disensseil are exerted primacily
afler absorption from (he skin or digestive systen has ocewrred. 1
maost, i nol all eazes, normal Tunetioning of certain tssue. especially
that of the nervous systeny, is impaired, leading 1o numerous secondary
effects. While It is possible Tor some of these compounds to produce
direet iritation of the epithelial xurface of the skin and digestive (ract,
1t is only in occasional cases that ihey are observed to do so.

Our undersianding of the proeess by which these inscetieides are
absorbed Irom the skin ar <igestive traet is by no means complele.
It may be simple diffusion: indecd. ihis seens important to ad Last
the inttiation of the passage. Absorption may take place in a more
complicated manner, sueh as temporary chemieal alteration, or conju-
gation with naturnl componnds in the body.

Whatever the proeess, the passage is necomphished rapidly.  Svinp-
toms of poisoning have appeared 0 our anineds in ax short a time as
fominutes alter treatment, bat mest frequently within 2 to 6 houwrs.
Passage seems 10 begin the moment thal contaet is made wiith the
skin or digestive membeane and continues for & period of time suf-
ficient to exhanst the immediate supply of insecticide unless death
by poisoning oeeurs helore ahsorption is complete. Exceptions have
been noted. For dnstance, with eertiin enmpounds evidence of
toxieity may not appear until several dayvs after deemal application.

The rte of absorption o incecticides, as ol other chemicals, Is
influeneed by the physieal state of the compound.  We ohserved in
a series of experimoents with toxaphene that emulsions were ahsorbed
more rapiily than suspensions of wettable powders.  Emulsions
cantaining toluene were absorhed maore rapidly than those containing
xylene o kevosene.  In turie those neade with sylene were absorbed
more rapidly than these eontainling kerosene.  Absorption was do-
termined by the time from trenbimrent fo onsel of symptoms,  Among
[he weltable powders used In our experiments no significant differences
were noted in speed of absorption.  Observations were made when
toxaphene ground with o wetiable clay was used with no added
wetling agent, with a moderale amount of welting agent, and an
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excess of welling agent.  There were no differences in loxicity of the
theee powders.

Although there are meager confirmatory data in the published
fiterature, dusts of iluseciicides are probably absarbed 1o a lesser
extent (han suspensions, emulsions, or solutions.

It must be emphasized that although the speed of absorption is
influenced by the phasical state of a given compound it does not
follow thal the total amount of nsecticide absorbed is similarly in-
flucoced.  That the Ltotal ameant absocbed from emulsions and {rom
suspensions 15 probably the same is shown in the experiments reported
in this publication, in that formulations, when used at Ldentical con-
centrations on sinulay animals, show no significant differences in
toxicitv—-first one and then the other being shehtly more toxic.

The eqoivalent loxicity ol emulsions and suspensions may have
Lwo possible explapations.  The amouni of inseeticule deposiied on
the hair of an animal may be greater from a suspension than from an
emulsion beeause of a filterd g aelion of the hair coat. while the absorp-
tion of nserticide into the hud\' max he less, the combined net ellvet
being equal total absorption into the body and equivalent toxieity.
On the other hand, the amount of insecticide deposited and the
amount absorbed may be fully cquivalent indtially, in which case the
equivalent toxieity would be expreted.  Our prosent data do ot
resobve these possibilities.

I we were to put the same number of grams of sectivide upon
simalar animals, wsing these (wo {yvpes of formulations, some dif-
{evenees in abhsorption might appear.  We have observed e, if
any, differcuce in toxicity beiween emnlsions wnd stspeasions siven
arally.  In giving insceticides (o Iaboratorys animals, many workers
hiave observed wide diferences in toxieity aecording o the phvsieal
stule of the inseetivide,  Elv and Moore (71 demonstrated signilicant
differences in the DDT content of milk fram daiey cattle when the
phvsical state of the DDT administered was varied.

Regardless of the dispositiow eventually made af the debate we
must Faee the realities offered by the present experimets, i which
pguivalent concentrations of Inseelticides in emulsions or 2uspensions.
have prodoced approximately equivalent toxielly in equally sus-
cepiible animais,

Indeseribing (he desmal -application experiments i (his publication,
we have v\pw-wwl the dosaee in terms of the pereentage of the in-
sectieide in the spray or dip n=ed. i some wavs thic s sn empirienl
dosage incapable of aervurate measurement beesuse, although the
animals were Ihumnif} I\ wetted Inoeve PVOCnsEe, the amouit umnln"‘
off during spraving amd draining off after ull:cr dipping or spraying
was 1 variable quantity.  There will also be other differences, such
as in the Jength of hair of various apimulx and in the methods of
various operators.  That these varizhlos are of no great consequence
is exemplified by the general uniformity of results obtained at given
concentrations of Insecticides.

One exceplion of consequenee (o this antformity of results has been
lound in the treatment of aninals by dipping i vats or tanks, par-
ticwlarly when emulsifable materiniz are used, Dnioal stadies by
Radeleff 2 in which a radioaetive dodine rompound was nsod as

1 Unpaldisbied duda
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label for cmulsion particles, esiablished the Important point that as
the particles increased in size (Lhe concentration of nsceticide in the
emulsion remaining uniform) the amount of seclicide deposited on
snimal hair was incrensed.  This was not a new concept of insecticide-
emulsion behavior, the meehanism having been used by entomologists
for many years to obtain deposits of poisons on planis by means of
emulsions composed of large particles, often calied guick-breaking
emulsions. The experiments did make us aware that the principle
applied equally for emulsious used on animals, and did belp {o explain
the losses of cattle after dipping in emulsions of insecticides at con-
centrations known to be safe when applied as sprays or {resh dips.
The increased deposition will oceur {rom anyv cmulsion, whether
used as & spray or as a dip, but i3 of greatest imporiance n dipping
because in this operation the animals pass through hundreds and
frequently thousands of gallons of emulsion while traversing a vat,
and may extract the larger particles of as many gallons,

When an animal is spraved, it is exposed to a limited quantily of
the emulsion, generally not exceeding 2 gallous, depending on the
operalor’s judgment of when the animal has been thoroughly wetted,
The sprayed animal is not exposed to more insecticide than the total
amount eontained iu those 2 gallons. An exception is when (he
emulsion is allowed to “cream’ or partinily separate in the sprayer,
thereby mcreasing the insecticide content of one portion of the total
volume at the expense of the other portion. [f insufficiont agitation
follows this “‘creaming”, some animals will reccive a reduced dose
while others may receive o loxie dose. Sparr, Clark, and Vallier
(22) demonslrated under practical dipping eonditions that a s{able
emulsion is required for safety and that an increased particle size
nereases depostiion upon catte hair.  The rate at which the particle
size and deposition increase are in turny influenced by the composition
of the formulation and probably by other factors.

Beeause of the influence of particle size on toxicity, it 1s not suflicieni
to have a method of accurately determining the coneentration of
mnsecticide in a dip or spray such as has been developed by Littler
(12) and by Bowen (2); some knowledee must also be had of the size
of the emulsion particles and ol the uniformity of the emulsion.

Manufarturers of nseclicide formulations are generally aware of
these cffecls and have taken steps to provide emulsifiable concen-
trates, which form emulsions that remain siable for long periods of
time. In spile of this, care necds (0 be constantly exercised to see
that the emulsion is of proper stability and consisteney before spraying
or dipping is begun.

It is feasible to conduet experiments in which the dosage is care-
fully applied wo the skin and related to body weight.  Such experi-
ments yield accurate comparisons of the toxie ellecis of inseclicides;
however, cven with such data at hand, we ave still faced with the
evaluation of the toxicity of the compounds under practical control
condilions when used by farmers and ranchers.

Toxicologists have long recognized the varielions in toxicity of
a given compound due to species of antmal, age, general health, and
idwosynerasy.  The present insecticides are not exceptions.

The uselul ingecticides developed sinee 1948 may be classified into
twvo major groups —the chlorinated hydrocarbons and the organie
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phosphorus compounds.  The chlorinated bydrocarbons arve typified
by DDT, TDE, methoxyehlor, BHC (benzene hexachloride), chior-
dane, dieldrin, aldrin, heplachlor, endrin, isodsin, foxaphene, Stro-
bane, Dilan (CS8-708), and Perthane (Q-137}. They may be divided
into fLwo groups according to their acute {oxicity for livestock. The
group of low order of toxicity includes DD, TDE, methoxyellor,
Dilan, and Perthane. '

The insecticidal aetivity and mammalian tovicily of chlorinated
hydrocarbons are so depeudent on molecular structure that resrrange-
ment without addition or removnl of atoms (isomerism) msy com-
pletely nullify the insceticidal activily, as well as alter the toxicity
to ammals.

The chlorinated hydroecarbou inseclicides are principally neurctoxic
i their activity, and generally produce a diffiuse stimulation of the
central nervous system, resulting in nunerous neuromusecular expres-
sions of that stimulation. The small quantities or absence of these
compounds in the central nervous svstem during poisoning has been
a subject for conjecture. Some workers have hypothesized that a
second, sadogencus compound is produced or released which is the
actual toxicant. Sternburg and earns (24) demonstrated such a
substance iIn DD T-poisoned roaches.

In addition to the neuroloxie cffects there max be deleterious
elfects on the funciional elements of the liver, kidneys, and other
Organs.

The organie phosphorus compounds might appropriately be
classed as inhibitors of cholinesterase, since all members of this group
appear to express their primary activity i this manner.  The organie
phosphorus compounds discussed in this publication are parathion,
EPN. malatliion, Diazinon, chlorthion, and Bayer compounds
[, 13739 and 217190,

Beeause of the Tarae volume of datla to be presented, and because of
the group similarities of svmptoms and lesions, we believe that it will
make {or conciseness aud belter understanding {o discuss the manner
of application, the experintental animals, and experimental technigque
for all experiments fisst and then the symptoms and lesions for each
of the groups rather than 1o repeat these for each compound.

Animals

The animals nsed I these experiments were fypical farm animals—
cattle, hogs, sheop, goals, and horses—in average healtl: and condition,
housed, fed, and cared for as farm animals would be 1o the warmer
sections of {he United Stales, without speeial isolation or other ab-
normal areapgement.  All were free [rom discase al the time of
treatment as determined by clinieal examinations. The only excep-
tiens to this [reedom from disease were amoung the baby dairy calves,
which were subjoeet (o enterie disorders fust as are sueh calves wherever
raised.  Affected animals were disearded from the tesis when the
development of such disorders after treatment could influence the
results.

It will be noted that more dairy-Lype caives, 1 to 2 weeks of age,
were used in these tests (han any olhier type or species of animal.
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We learned in the earily studies that sueh calves were far more sus-
cepiible o poisoming than were other farm animals or other types of
calves. The 1- to 2-weck-old dairy calf was then adopled as the
standard farm animal for toxicity sercening of new inseeticides for
the two reasons, higher suscoptibility and Jower cosl.  Insectivides
that can sefely be .lpphs‘d fo baby dairy calves at twiee ihe dosage
employed for inseet control have thus far been found 1o have an
equal or wider margin of safety for all other farm animals except
poultry. It is important that the veader undersiand that these
calves are of a specific tvpe and age. Resistance {o poisening in-
creases with age so that older (I to 2 months) calves are not harmed
by the doges toxie for the very young.

Matetials and Methods

Initial studies with each insecticide were generally conducted with
emulsifiable concenirates prepared in the Iaboratory and compased, by
weight, of: Insecticide 25 parts, xyvlene 65 parts, and emulsifier
{Triton X~100) 10 parts. Later, other emulsifiable concentrates weroe
used, as were wettable powders when available. ALl the wettable
powders were obtained from the manufacturers. Dilutions of all
concentirates were pwp‘ue(l on a weight/weight basis in tap water,
using 8.3 pounds s (he weight of 1 n:ﬂlon ol water,

Spmv applications of insecticdes were made with a variely of
equipment ranging from the simple garden-type compressed-alr
devices to hlg]l—pms%uw orchard-type sprayers.  Accordingly, (he
operating pressure -aried {from approximately 60 to 300 pounds per
syuare incl.  Since no differences were noted in the resulls obiained
with the various devices, the compressed-atr spraver was used for
most of the applicalions heeause it permitted the use of smaller
guantities of secticitle. Each ardmal sprayed was welted as com-
pletely as possible, the operaior making certain that (he Tiguid
penetrated to the skin of all parts of the animal's body.

The smaller animals were dipped I a portable metal vat of 100-
gallon caparily. Bach anhmal was held in the vt long enoueh to
msure complete wetling of the hair or wool.

Oral doses of inseeticides were administered as Dreshly prepared
emulsions or suspensions hy means of dosing syringes or stomach
tubes.

Observations of the treated anininls were maade nt regular, Treqguoent
miervals, dey and night, for sueh perviods as woere Indieated by Uy
pmu(‘uhu experiments. Symploms were recorded as they ocetirred,
and aulopsies weee cowducted ns soon after death as possible,
Seleeted tissues were preserved for histologienl study.
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Chlorinated Hydrocarbon Insecticides

CHLORDPANE

Teehnical chlordane is o thick, sivupy Liquid of pungent oder.
For use on livestock, emulsifiabie coneenirales, wettable powders,
and dvy dusts are available. The same formulations are available
for erop usagr. Chlordane is effective against a number of ecto-
parasites of livestock at coneentrations of 0.25 to 0.3 pereent in
emulsions and suspensions.

The available dala on the toxicity ol ehlordanc are confused by
the fact that changes have been made in its manufacture, the product
beeoming less toxic as developments (ook place.  For that reason
the dato mn the tables have been divided inlo two groups, necording to
whetlier or not (hey were oblnined prior fo 1953. No essential
differences in svmptoms have been noted belween the two products.

The resulls of single dermal applications of ehlordane to various
animals are given in table 1. The svmptoms of poisoning in these
animals appeared in as short a time as 3% howrs afler treafment, but
most of (he animals did not beeome afleeted until 24 to 36 hours after
spraving.  Deaths occurred i 2 o ¢ hours after the appearance of
sviaploms.  The minimum toxie concentraticn of the older chlordnne
for baby ealves appeared Lo be 1 pereent. bt was 2 peceent with that
praduced i 195350 The mminum toxic single dose for older cattle
appeared to he i exeess of 2 percent with either new or old mauterial.
Exeept as already noted, all tvpes of Tivestock tolerated 1.5-percent
concentrations, three times the concentration nsually suggested for
insect control.

The newer chlordane has not heen used in our cxperiments on
horses, hogs, sheep, or goats, but its toxicity for (hese animals would
he expecied to be less than was observed with the old material, m-
ereasing an already adequate margin of salety.

The resulis of muitiple dermal applications of chlordane given in
table 2 indicate that (he older chlordane was cumulative in action,
while the 1053 produet did not appear so. Al livestock except baby
endves, lambs, and kids tolerated at tens( 3 applieations of 1.5-peceent
chiordane of old manufacture.  Lambs and Kids were poisoned by 2
such applieations, while all athers tolerated 8 (reatments, even when
applicd at 4-day infervals. O 10 eattle, however, 3 were poisoncd
and died after 13 applications of 2 pereent of the older chiordane,
applicd al 2-week intervals.  With the 1953 chlordane, § cattle were
(reated 12 Gmes al 2-week intervals with 2-pereent sprays withoul
evidence of any harm. This Hustrated the improvement made in
the ¢hemnical,

The call listed as having heen spraved 8 Umoes with L5-pereent
ehlordane at 4-day iotervals beeame affected on the day after the
seventh troatmoent, was convulsive 3 days alter the eighth Lreatment,
and died 30 days alter the eightiy trestment.

The resulis of administering technical ehlordane (1853 manulacture)
as emulsions or suspensions orally to baby dairy ealves and (o sheep

o

344495--55——-2
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Tasue 1.—Results of single dermal applications of emulsions and
suspensions of chlordane to various farm animals ®
CHLORDANE PRODUCED PRIOR T 1953

! Animnuls

Kind of

ceniru- : ; ! I \ .
animal lation i {Affected I

| tion in type 1 Y rreated :zaverely,)
: rocov= |
| ered |

Age

=]

; Con- Formu- !

. : . nai-
! spray Died ' fested
}

I ;
{ ' i i :
i © Pereent E P Number ' Number f Number + Number
0 um 1 |
0! Em : ‘
I 10
Em i
. Em
Em
wpe
Wi
i Em
Em
Wwpe
Im
Em
Wl
Em
Im
Wwpr
Em
wp

1
Tlmo.. .
Cattle.___ Il YFo_L. .

V-5 vro
Lamib 3wk,

Calves. _ -t I-2 wko | {
I

3 I [ A [ NS TE (W N

Sheep
IKid, ..
CGoats. ..

RN SN — S =0 I =00 O 2
CoDCCO OO OO e

Pigs . __

e RIS = D e GO D 0 e ] OO RS O

8.
4.
2.
1.
L
1.
L
2
N
I
1.
I.
1.
IR
4.
1.
L
1
L

LR [ R e LT IR ST

HNorses. .. {

CALORDANE OF 133 PRODTCTION
Calves. ... 1-2 wk__. 20 Em G
' Bm=emulsion: WP —wettable powder SURpENsing.

are given in table 3. All 3 calves receiving 100 mg./keg. doses were
affected within 4 hours of treatment and all 3 died. I'he calves given
50 mg./kg. were alfected within the same time although 1 recovered,
2 died, and 1 was not aflected. Two calves given 25 mg. /ke. showed
symptoms of poisening; one recovered. Five calves given 14 mg./ke.
of chlordane were unaffected. - OF the 6 sheep given 100 mg./kg. Lhere
were no fatalities, but 5 were definitely poisoned. Only 1 sheep was
given 50 mg./kg. and it was not poisoned. In addition to the sheep
listed in table 3, one sheep was given 50 mg./ke. of chlordane in an
emulsion daily, 4 days a week unti 17 doses had been given, without
showing gross disturbances. This sheep was rested 1 week and Lhen
given daily doscs of 250 mg./kg. cach, the second suel dose producing
symptoms of poisoning. The sheep was then destroyed to oblain fat
for chemical study.

Marsh, Johnson, Clark, and Pepper {18} found the minimum toxic
dose of chlordane for cattie to he 91 meg.fkg. and the minimum lethal
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TasLe 2.—Results of applying 1.5-percent chlordane emulsions and
suspensions dermally cvery 4 days to various farm animals

CHLORDANE PRODUCED PRICR TO 1953

Arimals
Formula-|
Kind of animal Age tion | 1ok
v b -
\ type Treated | Died g:{‘éj
E Number | Number | Number | Number
Calf . . 4 mo__ﬁ---___: Em g 1 1 g
Cattle_________ S mo. .-, {i:'f'f, g % 8 a
Lamb__.______ MO : M 5 1 1 0
5 2
v e -~ S T I B B
) ] P 2mo._________ " Bm 6 1 31 0
i JBEm ; 8 5 12 3
Goats_____.___ 1-2wyr oo o. | Em J' 8 5 51 4
Pigs. ... 3-dmo_.____._ {%n{; g ‘i 8 i
' : ! : R
Horse__ _.oo... R ' %—-r% g : ‘} g ; {

|
;

' Em=emulsion; WWP=wettable powder suspension,

? Afceted by and died after the Hih dipping,

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

* One dicd after the Gth dipping; the other was alfecled by the 7ih, wnd died
alfter the 5ih dipping.

§ Died after the 6th dipping.

dose to be 128 mg.fkg. when given in the form of & grasshopper bait.
Weleh (26) administered 30 me.fkg. of chlordane to caltle with no
harmful effecls noted, while sheep were poisoned by 500 mg.fkg.
and killed by 1,000 and 2,000 mg.fikg. One sheep was given 3.5 grams
Cif chlordane (approximately 100 mg.fke.), and was poisoned by the
dose.

The symptoms of chlordane poisoning observed by Marsh and
coworlcers, and by Welch, were similar to those given in this repory
and those previously described by Radeleff (75).

From tLhe loregoing resuits we believe that the use of chlordanc on
ar around livestock is not without some aftendant hazards to the
animals, but that under regular usage in accordance with recommended
procedures there should be no harm to any species of liveslock.  Any
condition which would increase the concenlration of a spray or dip,
or increase the rate of deposition en the hair, eould produce poisoning;
this may have been a factor in the enses reported by Arneld (7).
Accidental poisonings may result if animals have access Lo chlordane
in grasshopper bails or olher forms through carvelessness.

Emaciation and laclation will incrense the susceptibility of sheep
to chlordane poisening, as determined by Radeleff and Bushland (19).
Under such condilions cwes may be poisoned by 1.0-percent dips of
chlordane, while their lambs arc unaffected by the same dipping.
A summary of & study of Lhis type appears in table 4.
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TaBLE 3.— Results of administering single oral doses of chlordane to baby
darry calves and to adult sheep

CHLORDANE PRODUCED IN 1953

Animals

: i i
Dose ! 'Aﬂ‘ected1
e ' Affecied severely,! .
Elleated:‘ mildly | recov- ” Died
f ered !

Kind of animal, and 1
age

l
|

i
; | j -
i my.fhg. i Numbc-r_f Number | Number | Number | Number
i 100 | 3 0 3 0
Calves, 1-2 wk ! i |
! i |
i ! .

Sheep, 4-5 yr . 3

Tasue d.—Resulls of dipping emaciated ewes and their lombs n
emulsions of chlordane

Animals

- Concen- .
Kind of animal 1:mtipn in’ "Affected :
dip ; Treated ¥ mildly, | Died | rg(iiﬁ

: recovered, : :

Percent - Nwmber | Number | Number - Number

2 5! : ! «
9 i : o
15 | | 14
15 . , 15
10 i : 10
10 : : 10

Lwes e e 2
Lambs. ... __ . . : 2,
Ewes. - : L.

: 1

Loambs. oo . :

Moo SO

BHC

BHC, or benzene hexachloride, is a highly effective parasificide
widely wsed on livestock.  Tive isomers of this compound are pres-
ent in the technical material, of which the gamma isomer is the most
insecticidal and most acutely toxic o mammals, A highly refined
procluct containing 99 percent or more of the gamma isomer is ealled
mdane.  The BHC used in the experiments reported here ranged in
gamma isomer conlent from 12 to 994 percent. The toxicity ob-
served was directly nssociated with the gamma content and was
entirely independent of the presence or abscnee of other isomers.

The results of single applications of sprays and dips to baby dairy
calves, given in table 5, show that BF(C is toxic to such calves at 0.05
percent, but not at 0.025 pereent, of the gamma isomer. There was
hittle dilference in toxicity between suspensions and emulsions,
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TaBLE 5.—Resulls of single dermal applications of BHC on I- io 2-
week-old dairy calves

i H
i . Animals
Kind of animal ang | Gémma; Formu- : . i
age coneen- lation ] ' -\ﬁ"ebtedl ;
tration - fype ! :  Treated severely, Y Died g éﬁfé
! lecovered :
Pereent Number i Nuntber | Number | Number
0. .15 Bm 0 1 0
g. 1 Em 11 i i 2 8
L1 wr 2 0 2 {J
Calves, 1-2 wk...._. 0.0 | Em 101 0 3 7
0.05 | WP 91 2 0! 7
0.025 | Bm 5 | 0 0] 5
| i

! Ewm=cemulsion; WP=suspension of wei{able powder.

Single applications of smears of lindane to the skin of baby daivy
ealves were made fo study the possible hazards nssociated with Lhe
usc of lindane in screw-worm treatment. From the results shown in
table 6 we would expect 25 mg.flkg. of lindane, applied dermally in a
loealized ares, to be occasionaily toxic for such calves,

Older animals appear more resistant to BHC poisoning.  When we
used techinical BHC of 12-percent gamma content, calves 6 to 8
months of age were unharmed Ly sprays containing 0.15 percent of
gamma; lambs 6 weeks of age and pigs 3 months of age were nob
harmed by 0.5 or 1.0 pclceut a single treatment })(‘111(? applied in
cach case. A ‘concentration of 0.15- -pereent gamma is 5 fo § times
that sprayed on livestock for cctoparasite control and 3 times that
used as o scabies treatment.

TasLE 6.— Results of single dermal applications of lindane formulalions
te baby dairy cclves 12 weeks of age

Animals
Formulation, pereent : Dose of: - Affected :
: lindane | AMF i " i Unal
: : ’l‘reat.ed - Affected severely, Dieg | hal
tonildly re- © lreted
" covered

DN -
Comgflg. C Nwmber Number Number  ber  Number
EQ-335 screw-worm .

smear lindane 3.0_____. 25 7 1 0 0] G
Lindane 5.8, Tween 20, . . :
15, and xylene 80_._. . ’ g G fh 1 5 4

Lindane 3.0, pine oil . :
47.53, and nineral oil : . . . .
L T G o i 2
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Ely, Underwood, Moore, Maun, and Carter (9) reported on an
accidental spraying of adult dairy ‘catile with » 0.3 -percent lindane
suspension used for spraying barn walls. A total of 240 cows were
sprayved, resulting in 11 cases of poisoning, of which 5 termmated
fatally. The spraying of barn and caltle was accomplished with 50
gollons of spray, &110\\*1]10 a maximum of just over 0.2 gallon per
animal, if it were all used on the cows, but in actuality the spray was
only allowed fo strike the cattle as a pa,rb ol the normal barn spraying,
making the dosage anything but uniferm. Apparently the dose was
less than 1 guart per cow.

The results of repasfed applications of BHC are given m table 7.
As was obscrved with chlordane, older calves and most other livestock
were more registant than baby dairy calves to poisoning by repented
applications. Kids and lambs were poisoned by 1 and 2 applications,
respectively, while all others treated were unaffected by a total of
§ applications of 0.13-percent gamma (from technical BHC of 12-
percent gamma content) at 4-day intervals.

TasLe 7.—Results of repeated dermal applica.tions of BEC (12-percent
gamma) contuining 0.15 pereend of gamme at 4-day intervals for a
total of eight treatments

Animauls

Kind of animal Mpe . Af- )
: Mo “leeted, - g - Unad-
- Treated L TELOY- Died - Teeled

cred '

“Nwmber Number Number Number
b :
1 1]
5
1

a
2

&

1

-\ﬂ"u.Lcd by lsL tr csl.l,mc.nt ungzif w.le T h;. 7 additional treatimnnls,
* Alfected by 2d applic: mon dicd alter 3th treatuent.

Results of administering single oral doses of BIIC or limdane to
calves, cattle, and sheep are given n table 8. The mininum toxie
dose Tor ba,by dairy calves appeared to be betweon 2,5 and 5 mg.fkg.
of gamma, the lower dose producing no ntoxication while the higher
dose caused death. The minimum LO\ic dose for yearling Herelord
cattle appeared to be hetween 10 and 25 mg kg, the lower dose
producing no symptoms while {he higher close was lethal. Because
only a single animal veceived the 10 mg.fly. dose it is unwise to con-
clude that this dose could not he toxie.  Sheep appear to tolerate 10
mg.fkg. bub are poisoned by 25 my.fkg.  (See table 8.)  Sheep were
pmsonotl by 60 and by 75 mg./ke. ([()‘SPS, hut were not killad watd the
dose was raised Lo 100 mg. [I\g
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TapLE 8. —Resulis of administering single oral doses of Hindane to baby
dairy celves, adult sheep, and cattle

: Anfinats
Thaalt Age - Dase Affected
i ' Pranpar Addecied Do : Unaf-
i Freated =y 50V crely,  Died feoted
i < recovered
? ,_._..__._,_._..,__ e et e A m = mn e ————a _—..—..._,..._...__..-.,-_.—
' g, kg, Number Nwwber Nunder Nwmber ) Number
! i 12 : g 0 ¢ 4 i
Calves..___ P t=2wk... . & 3 o 1 2 0
j | 25 9 0 (i 0 0
i 1 4 0. 3 1 ]
N Py U 12, 4 G- (- 3
Sheep..---- R I § ! G 1 0! 1
) ' 10 b 10 . . (U 0 10
25 H H H
Cattle.___. I oyrooaoos { Ig j } ! b, 8 ; (1] } ?
, Il !

1

Sheep wore given 25 mg. ke, of lindane orally once a week until 6
doses Lad been given, the results being (abulated in table 9. All
the sheep so treated were affected by at least 1 of the doses bul uone
of the sheep were affected by all G doses.

One sheep was given 3 mg. ke, of gamma from technical BIIC
(12-percent gamma) 4 days o week until 22 such doses had been given
without producing symptoms of poisoning. I'wo daily doses of 350
meg.fkg. were then given, causing poisoning and death. A second sbeep
was given 50 mg./kg. of BIIC (6 mg./kg, of gamma) 4 days a week for
15 doses without producing peisoning bul the 16th dose initiated
symptoms of poisoning and the 17th caused death.

While the foregoing results apply for well-fed animals, Radelefl and
Bushland (19) have found thal emaciated sheep are more susceptible
to poisoning by the gamma isomer of BHC than well-nourished ones,
and that lnctation also inercases the susceplibility. Results of those
studies were published in detail in 1953 (21) and summaries are given
in tables 10 and 11 for purposes of comparison with the present data.

TanLe 9.—Resulls of orally administering 20 mg.fhg. of lindane as an
emulston {o sheep once u week Jor O weeks?

. Work of treatment

Hheep No.

1 2 3 ! b ) G
U N AR AR AR AR hY
D e o e e N AR N Al Al N
TR ¥ | N AR . N AL AR
P U, AR AR Al - AR : x AR
- S ¥ L T O :0N N
[/ meaan : N ' Al | N l N N N

; !

!N = not affected; AR=showed definite symptoms of poisoning and recovereel.
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TaBLE 10— Results of dipping emacieted ewes and their lambs tn benzene
herachforide

0.06 PERCENT (IAMMA ISOMER IN DIP

Formula- Animals
tion from

- . Leehinienl
Kind of animal BHC.

. Affecied -
gamma  Treaced :\Igfltdtlid severely,  Died FLt-gl‘ch-l
Ccontent— S reovered ’

Pereeni  Nwumber Number Ninber Niowher Nuwmber

Ewes..__....... .. 4 A0 3 4 n 16
Lambs_____.___. . _ 14 30 1] (]
12 30 0 2

Lumbs, ... . 12 a0 0 i)
LRIES 30 3 ¥

Lambs. oo ... .o_ 9 ¢ 30 0 ¢

U
4
1
|
v

0.03 PERCENT GAMMA ISGOMER IN IIP

Ewes_ ____ .. 14 10 1
Lambs___.. ... _. . 14 1) U
Ewes.. .... .. . 12 13 2
Lambs._______ .. 12 - 0
Ewes.. . . ... __. .. U O 10
Lambe=__ . . . ’ 1 1) U

! Linduane,

Tanne 11— Resulis of dipping wdll-fed eves aud theirlamds e BH O dip
confaining U.23 pereent of gomma, 10 cwes audd 11 lambs for cach
treatment

N . Animals
Formulution

. prapured e e e s
Kind of animal from B¢

AT Affeeted

conTent mildly

Alleeted
severely,  Unaffected
recovicred

FPrreent Noumthor Nuwmbher Nimfior
Bwes_. . .. ... . 11 3 n
Lambs.. . 14 {1 0
Ewes. . .. o 2 i ¢
Lambs 12 th U
Ewes.. . . LR {} 2
Lamhs, _ ._. - . [ LR ] 1

! Lindane,

1t is highly prolable that similar increases in susceptibility occur in
catlle, o strikingly similar phenomenon baving been reported from
Australia * where emaciated adult eattle were poisoned ha normal and
previcusly rouline coneentrations of gnmma B, The mechamsm
by which the suseeptibility is inereased in sueh animals is not under-
stood,

5 Urahwn, Norman H,, of Willinm Cooper aid Nephews, and lan Montgomery
of Imperial Chemienls, personal communivations.
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Ely, Moore, and Carter (8) fed dairy cows 6.22 mg./kg. of erystalline
lindane daily for 110 days without producing symptoms of poisoning.
Welch (26) gave cattle 125 mg /kg. of BHC (12.5 mg./kg. of gamnma)
without producing symptoms. In his work, sheep given 750, 1,000,
and 2,000 mg./kg. of BHC (10 percent gamma) were poisoned but
deaths did not oceur. One of the sheep wasg given 2.25 grams of BHC
daily, showed symptoms on the twentieth day, but survived 60 such
daily doses. The symptoms described by Weleh for BHC poisoning
agree with those presented in this and preceding papers {4, 18, 19)
and with those deseribed by Ely and coworlers (9).

TOXAPHENE

Toxaphene is a waxy chemical produced by the chlorination of
comphene. It is prepared for livestock use as an emulsifiable cou-
centrate and as a wettable powder. It is effective aganinst a wide
range of pests at the strengths of 0.25 to 0.5 percent in sprays. Some
results of treating animals with toxaphene have been published by
the Xerrville stafl (3, 4, 5, 6, 16, 18, 20).

Results of treating cattle of various ages with single applications
of toxaphene are given in table 12. The minimum toxic concentra-
tion for baby calves appeers to e about 0.75 percent and the minimum
lethal dose 1.0 percent. Older cattle are mildly sffected by 4.0 per-

TaBLE 12.—Resulls of single dermal applicalions of toxaphene to catile
af various ages

i
a | Animals
| Concen-- .
Kind of \ge | tration ; Fofiou- "
animal AR foof tox- - 0 AlTected, Unai-
Dapbene | T Trealed | recov- Dead fected
i ered ecte
f I
© Pereend Nuwmber | Nwmber | Number | Number
It 05| Em 12 0 0 12
Il .75 Em 20 4 0 16
oL 75 WP 1 0 0 4
Jersey ... 2wk_o__._ H 1.0 I Em 21 3 8 14
| nolwp 3 0 0 3
; 1.5 | Em 8 3 0 3
il L5 WP 4 1 0 3
Tersey_..__, 4-G mo-,_f{ ‘Jl:.; ! %”f, g g 8 g
TJersey___..} 2 whko. .. I 20! Em 6 0 6 0
Jersev_..___{ 3-4 mo...} 2,0 Em 14 4 5 5
Hereford__j 3—+ mo_..! 2.0 BEm 25 il 0 24
Jersey_.... wko_._. f 30! Bm 1 0 1 G
. i . 4.0 | Em 5 1 3 1
Jersey ...t 1mo...y 40 | WP 1 1 0 o
Jersey and :] “ 4.0 Em 13 1 0 12
Here- i!G-S mo__.;; 40| WP 7 0 0 7
fords. ], {l_ E o 0
Jersey___..1 1 mo_--,_i{ gg W{?’ i’ 1 g g
Hereford_-] dyro .. J 8.0 Em 1 1 0 0

1 Em=emulsion; WP=suspension of weltable powder,

344485—05 a
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cent while one steer survived poisoning by an 8.0-percent spray.
Jerseys were more susceptible than Herefords at cach age ievel.,

Onset of symptoms in ihe poisoned cattle occwred n from 30
minutes to 24 hours alter treatment, with deaths occurring in 15
minutes to 48 hours afler onset of symtems.

Results of single applications of toxaphene to sheep, goats, plgs,
and horses are summarized in table 13, Bolll sheep and goals
appear less resisiant (han catlle to toxaphene poisoning, the mini-
mum (oxic and lethal coneentration being between 1.5 and 4.0 per-
cent. DPigs were resistant to 4.0-percent spravs. Minimum toxic
concentrations were not delerinined for these anmimals.

Resulis of multiple spplications to animals other than haby calves
are given in table 14, All aninals were treated with 1.5-percent
toxaphene sprays or dips al 4-day intervals for § applieations. No
toxic effects were noted,

Resulis of the oral administration of toxaphene to ealves, sheep,
and geats are given in table 15, The minimum toxic dose for baby
calves appears to he about 5 mg.fke. For sheep the minimum toxie
dose 18 25 mg./kg. and for goats approximately the same.

One adult sheep was given 50 me./ke. of toxapheue orally in a
xylene emulsion 4 days o weele and was not alfected by the first
7 doses. The Sth dose initiated symptoms of poisoning and the 14th
dosge produced denth.

Tasre 13.—Resulls of single dermal applications of {oxaphene on
sheeep, goats, pigs, and horscs

Animals
i Con- e o e e ——
-y i Ceentru-  Formuy- ;
-’;“?}‘I’“;‘lf Age  tion of  lution AR
nl Cotoxas o aped Do fected, o Unal
! . phene Do reeav- R fecled
i : : .oeredd
L ? | © Perecnt : Nuwher . Nwmber ' Number | Number
amhbs..._. wk . A1) an 2 0 - 2
! Li Em 3 0 a: f
! L wn 5 {l e 5
Sheep_..... 1 2yr. $.0  Bm 3 3 0 a
i 4000 WP [ { 0 1
i A 80 Em ! \] 2 0
Kids. I L0 K - 1] 4 ]
i 1. A {‘;\h][l‘ i 0 a: 5
1.a . 5 0 - 5
{Gomis... | L2 vl 1.0 - Iim 3 i 0. 2
i 1 40 wp 1 0. 0 1
i ) 50 Iim 3 | 2 {
Plgs. ... P8I0 whkoo, o0 Bm i 2 g 0 2
) 5E , 9 i
Pigs.- e ! B4 “‘0-—-5{ L owh 3. g 8 | 5
i P - .8 . B i 1 0 0 1
Horse.....! 3 _\r___.__{ L5 wp | 1 0 0 !
i B . i : !

i
|
[

I Ein=emulsion; W1=suspension of wellable powder.
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Tapre 14.—-Results of multiple dermal applications of toraphene at
1.5-percent conceniration every 4 days for § ireaiments

I Animals
! Formu-
Kind of animal Agre 5 ]aticn]
; L tpet vented }({:&f&
|
i ' B Nomber | Nwmber
1 o
Catlle. oL G-8 MO “_.5?, 5 %
. T En 3 5
Sheep v I-Z . i{%}'rp 5 5
K 5 Y
Gonts e aeas =2 ¥l icceeea ﬁf‘f, ; g
: AT a2 2
Pl e LBl MO !}]\3\;;11, 5 5
TOI88 . « oo mene 5yr,_ﬂ_-____--h_h“__{{'(E'IE % i

! B =emulsion; WI'=suspension of wettable powder.

TaBLE 15.—Resufts of single oral doses of toraphene cmulsiony and
suspenscons administercd lo baby dairy calees, calile, sheep, and

goais
Animads
Kind of | ; ST | |
animal | AKe Dose ' Alfeot l!.-klfeci-fdz Unat
: , e CAffpeled  severely . ‘nal-
_ ; ' lm“lledl mildly | recov- "_ Died fected
f : . i cred | l
! ‘_‘_'_____!_ — i
“““““ T : : ; | i
: oo iRy, Number . Nuaber Number § ‘\-'mnbt‘:r | Numb{r,
| S ST H S S S RN SR
Calves....: 1-2 wk“_] 0 g 0 1 I8! 1
’. ; 5 3 1 Q 0 1
Calves.. ... 3 0. } 50 | 31 ¢! 2 1 0
[ 2501 ' 3 0. 2 1 4]
Sheep... - $1-2 vl 170 ¢ B i i 4] 0
| b w0 3y o 2 i 0
: ! a0 T 1 1 4] 3
Sheep_._.. HEE SIS 25 . 10 0 1 0 g
1 10 g 0| 0 0 9
I 1S U
. a7 2|
Goats. .- I2yr—-g 0 100 | 3 0" 3 0 0
| 50 | 3 | 0 3 0 0
| i i :
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Marsh, Johnson, Clark, and Pepper (Z3) found that the minimum
toxic dose of toxaphene for cattle was 35 mg./kg., while deaths oc-
curred at 144 mg.fke., when toxaphene was given in the form of a
grasshopper bait. The symptoms and lesions described by thise
workers agree closely with those observed by us, and as previously
described in detail by Radeleff (16).

Emaciation and lactation apparently increases the susceptibility
of ewes to poisoning by toxaphene as shown in table 18. TFrom those
results it would appear that under such conditions ewes may be
poisoned by dips conlaining 1.0 percent of toxaphene. It would also
appear {rom those resulls that their Jambs could be poisoned by the
same dip.

TasLe 16.—Results of dipping emaciaied ewes and their lambs in
toraphene emulsions

g Animals
- Toxaphene | -
Kind of animal i concen- ; :

. teation i o d | Allected

i 1 reated | severely, | Unaffected

". ] 1 recovered

i Pereent I Number | Number | Number
0 i .0l 15 1 14
Lambs_ . oo ___ 1.8 15 3 12
Bwes _ 0.5 10 it I0
Lambso oo ; 0.3 10 I n 10

I

From the foregoing resulis it appears that toxaphene and chlordane
are of approximately equal toxieity when applied dermally to baby
calves, but that toxaphene is considerably more toxic than chlordane
when administered orally.

STROBANE

Strobane is an amber liguid with a rather pleasant odor, similar to
toxaphene in chemical, insecticidal, and toxicological aclivily. As
yet, its full uscfulness as an insecticide has not been established, but
it seems destrable to publish the avalable toxicologieal data.

The results of dermal applications are given in table 17. From
these limited numbers of treated calves it would appear that Strobanc
is about one-hall as (oxic as toxaphene. Resulis of single oral ad-
ministrations of Strobance to baby calves and to sheep are given in
table 18. In these very limited trials the minimum toxic dose ap-
peared to be very close (o 10 mg.fkg., the calves appearing overly
sensitive and suggesting minimum intoxication. For sheep, the
minimum toxic dose appeared to be under 50 mg.fkg., although the
studies were not completed before this manuscript was prepared.
On the basis of this Imited study of oral {oxicity, Strobane again
appears to be somewhat less toxic than toxaphene.

The symptoms exhibited by the animals poisoned by Sirobane were
essentially the same as those for toxaphence aud other members of (he
more toxic group of chlorinaled hydroearbon insecticides.
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TasLe 17.—Results of single dermal applications of Strobane upon
dairy calves 1 to 2 weeks old

Animalgs
Concen-~
Kind of animal und age tm‘iﬁon Affected
spray | Treated S?;:gff_y 7| Ded g:{;fé
ered

Percent | Number | Number | Number | Number

_ 40 2 0 2 o
Calves, 1-Z2wk._.___ e 2.¢ 2 0 1 1
.G 6 0 g G

TasLe 18.—Resulls of single oral doses of Strobane administered fo
dairy calves 1 {0 2 weeks of age, and to adult sheep

Animals

Kind of aniinal Dose i Affected
"Affected | severely : Unaf-
Treated i mildly | recov- ’! Died | rosted

1 ered
1 1

; f ! |
mg.fhg. | Number | Number | Number | Number | Number
25

2 0 1 1
CalveS e oo | .
alves 110 3: 0 0! 0} 3
f[ 150 2 0 2 0: )
Sheep . oo ooooooooeo- i 100 2 0 2 0 0
il 50 11 | 2 4 0 5
ALDRIN

Aldrin is a white crystalline solid. msoluble in water but soluble
in mos$ organic solvents. 1t is a highly effective insccticide, presently
used chiclly for the control of plant pests. While it is effective
against & number of parasites preving upon livestoclk it 1s a velatively
ghly loxic compovnd, as will be shown in the following dalo, and

" 16 hns a definite tendency to accumulnte in body fat, the combination

making it less desivable for use on animals than some of the other
compounds.

Resulis of single spray treatments with aldrin are given in table 19.
Symptoms of poisouing appeared In calves 3 to 34 hours after (reat-
ment.  Deaths ocourred in from 15 minutes to 24 hours alter onset of
symptoms. The lambs showed symploms of poisonimg within 18
howrs after treatment and died 10 hours later. The Angora kids
were affecled willin 12 hours of trealment and died 16 hours later.

The minimum toxic conceniration of aldrin applied as a spray to
calves appears to be 0.25 percent or slightly less, making it more toxic,
on a pereentage hasis, than toxaphene or chlordane and about one-half
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TaBLe 19.—Results of single dermal applications of aldrin™emulsions
to calres, lambs, and kids

{ Concen- ;
Idnd of animal Age i tration ! " Affected :
+in spray ! .. ‘severely, 21 ¢ Lnaf-
i E Treated . repovs Died ' rected
! ! © ered :

! ! T

I. i Animals
|

: : . 1 i
i Pereend Nawmber  Number , Number | Number
L0 : '

Calves. _._.____ j F

Lambs_._______:

—t
L= At o eIl o

as toxic as dieldrm.  Minimum foxic concentrations for sheep and
goals were not determined.

A summary of the resulls oblained by administering aldrin oraily
fo baby calves and to adult cattle and sheep is given in table 20.
From these data it would appear that the minimum (oxie dose of
aldrin is just under 5 me./ke. for haby ealves, and between 10 and
25 mg.fkg. for cattle. The minimum (oxic dose for sheep sppears
to be between 10 and 15 mg. ke,

Kitselman. Dabm, and Borgmann (1) fed small amounts of a.drin
to caltle and sheep and produced symptoms of poisoning as follows.

TaBLE 20.—Resulls of single oral doses of aldrin administered to baby
datry calves and to adull sheep and catlle

. . Anitmals
1 .

Kind of

animal { Affected’

* Affected severely,: . . Unaf-
P mildly | recave ', P4 posieq
] i ecred |

Treated

1 i “_l' i
Nuwmber ' Number © Nuwmber : Number } Number
: 2 1
2 01
0 0
1 g
- i

Calves. ... 1-2 wk._

Btrers__._. ) yr..

Bheep. .. 31-2 v

e kb et B T BT
SCOoOCOCoCoO=OooDo
bt | S (D= B IO

|
|
|
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Cattle were killed by 10 daily doses of 1.8 mg./lke. of aldrin, hy 21
daily doses of 0.84 mg. ke, and by 33 daily doses of 0.686 mg. fke.
One heifer was poisoned by 29 daily doses of 0.52 mg.fke. bub re-
covered. In a sccond series, & heiler was given 4 mg./fke. daily,
developed symptoms on the 8th day, and died on the 21st day.
A sccond heller received 2 mg.fke. daily and developed symploms
after 29 doaos, recovered, and survived a lotal of 64 doses. Heilers
fed 1.0 or 0.5 mg. ke, d“ulv for 64 days were unafiecled.

In thr <ame series of studies one ewe died alter receiving 20 daily
doses of aldrin at 0814 mg./kg.  One ewe receiving 6 mg./kg. daily,
lost hier appetite after 15 doses and died alter 28 doses.

The svmptoms and lesions of aldrin poisoning ohserved by Kit-
selman and coworkers {771 are similar to those we observed at the
Kereville laboratory.

In the studies by Ritsehnan and coworkers i is interesting to note
that most of the doses which proved toxie totalled from 15 to 30
mg./ke.. and are roughly the amounts required for toxic eflect from
snwlc doses.  This 1s in keeping with our knowledge that aldrin has
8 great tendeney to be held in the body after .1115:0%[10;1

HEPTACHLOR

Heplachlor is at prezent used against insects other lhan those
attackmg livestock, but could in the future hove a place in bvestock
pesi control.

Results of single spray applications of heptachlor are given in
table 21, %*mptoms appeared in poisoned animals 1n from 23 (o 44
hours alter {reatment.  In every ease death oecurred within 2 hours
after the onsel of aymptoms. No recoveries were noled in this series.
The minimum {oxic concentrailon Jor baby calves appeurs to be
between 0.25 and 0.5 pereent, making heptachlor more toxie than
chlordane and toxaphene but slightly less loxic than aldein for these
animals, Lambs appeared io be resislant to as much as 4.0-pereent
concentrations but a minimum foxie dose was not established.

The results of adminmistering heptlachlor orally to sheep and calves
arc given in {able 22, Those sheep thal recovered from poisoning

TanLe 21— Hesuils of single dermal applications (sprays) of heptachlor
cmulsions to calves and lambs

|_ ' Animals

fecled

“Qoneen-
Kind of animal Ape CAration }
MSPRAY poated Died | TUnaf-

i
Prreend Number Number | Number

4. 43 13 | Q

2.0 3 3 0

Calves. T 2wk J: ?3 g {I) : %
5 7 1 ]

1 e 1] 9 11

Lambs.. . . . . 3wk L. L4 2 ¢ 2

]
f
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TasLe 22— Results of single orol doses of heptachlor administered to
baby dairy calves and to adult sheep

Animals

Kind of animal Affected -

. severely, ‘naf-
Treated re- fected
covered

Number | Number | Number

Fadlw=No R ol = R N R B
OHOQOOOD - N
OOOO—INONN
. D O W O

Sheep.. . ccoceen

—
e

did so without complications. The minimum foxic dosc for calves
appeared to be between 15 and 25 mg./kg.

The animels peisoned by heptachlor demonstrated symptoms and
lesions considered typical for chlorinated hydrecarbon 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 dicldrin as external lreatments are
given in tlables 23 and 24. Symptoms of poisoning appeared in as
short o time ns 3 hours and aslong ns 14 days after treatment. Deaths
cccurred 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 al & much slower rate than did animals poisoned by
the other insecticides. One lamb was affected over a period of 18
days, Juring which time recovery slowly took place. In several cases
the animals disployed typical symploms of peisoning, apparently
recovercd completely, then relapsed alter several days into (ypical
symptoms followed by death.

The minimum toxic dose of dieldrin {or baby calves appeared (o be
Letween 0.1 and 0.25 percent, making ii roughly twice as loxic as
aldrin and 8 to 10 times as Loxie as loxaphene or ehlordane.

Resulls of repeated npplicalions of dicldrin are given in table 25,
TFrom the resulis with cattle sprayed with 9.5 percent dieldrin we feel
that dieldrin is accumulative in aclion, since the 3 sprayings at 3-weck
inlervals produeed a greater reaction than did a single application of
1.0 percent (table 24).
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TaBLE 23.—Results of single dermal applications of dieldrin to young

0 animals
Animals
. Coneen- | Formu-
Kind of Age | tration | lation Affeoted o
in spray| typel! | severely : naf-
Treated "o ol '| Died | pocted
ered
Percent Nymber | Number | Number | Number
1,0 Em 8 0 8 0
0.756 | Em 4 4] 3 1
0.5 Em 4 0. 2 2
Calves____}| 2wk._.__ 0.5 WP ! 3 1 2 2
0.25 | Ein 8 0. 5 3
t 025 | WP 3 0 1 2
! 01 Em ) 0 a 8
iJ 3.0 | Em 3 0 3 0
Lambs____§ 2 wk_____ 430 ¢ WP : 5 1 4 1]
il 20 | Em | 2 0 0 2
Tigs__.___ 8wk ___. i 40 | Em H 4 0 Q 4
| i
! Em=-emulsion; WP=suspension of wettable powder.
9 TABLE 24.—Results of single dermal freatmenis of adult enimals with
dieldrin
E i : .
! : ; 1 Animals
; i Congen- | I
Kindof :+ .. . tation 50T : 5
animal AL 0 . tvhe ! ‘Aflected, Unai-
C dieldrin ; WP .Treated ] recov- Died fected
; : I gred
1 . : |
1 - Pereend C Number | Nuwmber | Number | Number
; ' . D E;n 2. 0 0} 2
. ' B el 9
Moiord wmo{ 08 NP 2l ol g
caitle. 1 0251 WP 4t 0! 0 1
4.0 i Em 2 21 Q! 0
, 3.0 Em 2, 2 a 0
Jersey lyro... % 2.0 @ Em 2 0 2 0
catile, 1 20 WP 2} 2 0 0
t+ LD : Bm 2 Q- 0 2
@ [ 40 @ WP 2 2 0 0
Sheep_ .. ._ X Lyro. .. 1 40 ©Em h 5 . 0 0
Goats_____ P 2yroo Ll i 40D 1 Em 3 0 1 2
Horse.....! «15yr... L0 : Em 3 0y 0 3
i ! . . 1

1
!
I
1
i

1 BEm=-emulsion; WP -:suspension of wettnble powder,
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Tasue 25— Resulls of repeated dermal applitations of dieldrin wpon
adult cattie

- ; :
.[ ‘ } | I Animals
: iConcen-; Formu-! {Interv ali
: i tration | o1 Treal- jbetwee : i
Breed | Age R 4 iation ments | treat. | ¢ Af- I §
. {dieldrin: vpel! : monts | Lotal tfected, | Unaf-
i edrin ) ? treated - recov- 1 fected
: . l : i ] ered
! : i i :
: i i i ; !
I FPercent ;,\'muberi Troks .\'u-mber.Nmnber;'z\’umbcr
: {058 {Em | 3. 2 2 L) i
: .3 wr oo 3 2. 21 1 I
Hereford....; 8 “’0"1 25 L Bm 3 3 1 0| 4
i L2 we o 8 3 4 0 4
.8 T Em 2. 3 1 4} 1
Jersey___.._ - ‘*3’“--_{ "5 1w 2 3 1 g 1
’ i

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

Results obtained with oral doses of dieldrin ave given in table 26.
The poisoned calves developed symptoms in 3 to 5 hours after treat-
ment. Deaths ocenrred in {rom 15 minutes to 5 hours after appear-
ance of svmptoms. Two pigs showed symptonis 2 hours after treat-
ment, one dying 4 dayvs after treatment, while the other recovered in
the same period.  The affected horse showed symptoms 3 hours after
treatment and reeovered in 12 hours. The onset of symptoms and
occurrence of death were not os delayved as they were in the externally
treated animals.  The significance ol this difference is not unders$ood,

The minimum toxic dose of dieldrin for baby calves appeared to be
between 5 and 10 mg./ke. The minimum toxic dose for pigs was
between 25 and 50 mg./lkg., while for horses 25 meg.fkg. was definitely
toxic.

Tasue 26.—Results of single oral doscs of dieldrin administered to baby
dairy calves, pigs, aduli catile, and horses

e e e ;

i i Animeals
y - - = | '
Kind of animal Age : Dose : PAffeeted, I Unai-
i Treated ; severcly,! Died | facted

‘reeovered: ;

i
: : - |
Cma kg .:\'z.*mbg’r C Nudber U AN winber I Naewmber

f 25 1 1 0 1 0

e : 2 ' 15 - 2 0 2 0

Calves... . .. 1-2wk. ! 0 3 o 3 1
_ i 5 2. 0 o 2

T . ) 25 1 . 1 4]
Steer. . . .. . Llyr .. . { 0 i 0 o 1
: 50 2 1 1 0

. A 25 2 g 0 2

Pigs. ... ..l 3wk e - J0 | 3. 0 0 2
: . 5. 2, i G 2

Horse. ... e Byroo . 25 l 1 | . it 0

|
|
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. DDT

DDT was the first of the chlorinated hydrocarbon insecticides to
have widespread use on man, animals, and plants. At present, on a
world-wide basis, it is still the basic insecticide of this family. Con-
sidering its widespread use on man and animals and the lack of
suthentic cases of poisoning other than gross accidents or attempts
at suicide, it remains as one of the safest economic poisons ever
mtroduced. Both experimental work and practical use have dem-
onstrated that it 15 not acutely toxie in fairly high doses except to a
few kinds of animals and plants.  Parlicularly is this true of livestock.
In our experiments we have been unable to produce poisening of cattle,
shecp, goats, hags, or horses by external application, the experiments
conducted being summarized in tables 27 and 28.

TanLe 27— Results of single dermel applications of DDT to various
kinds of livesfock

| ; ]' Amimals
- Coneen-t Formua-
Kind of animal Age - fration | lation J

din spray; oeype t fepooorn Tnal-

; t Treated  fected

. Pereent | Number | Number
Calf ____ . __._ 2wk .. "-.{ éa j{\‘%‘, % : é

T s Ty ; n
Steers..___ . ______ G-Smo. . _._ { }g i ]{\‘-Pf. 5 é
Tambs . . . .. _ G WEe e { é g : {fnl, é é
Sheepoo .o oo P12 T .. __{ :; ; ]\'f?, g :
Kid _____._____.__. CGwkooo . 1.5 . IXm 1 1
Goats . ..o ... 5 SR 2 2

. 5 S a
HoES.o oo ooneoee e 34 MO { ]l 2 ]\{_E'E, % 3
Horseeeae o NIl . { }g : %rr[l, } }

|
|

! Em==emulsion; WP =suspension of wettable powdler.

The results of oral administration of DDT to baby calves pud fo
sheep are given in table 29. Interesting comparisons can be made
with methoxychlor in the baby calves where methoxychlor was ap-
proximately one-half as toxic as DDT and did not enjoy the wider
margin of safety generally attributed to it by workers using laboratory
animals.

A lactating dersey cow was given 100 mg./ke. of DDT daily for 23
days. The hirst 16 doses produced no evidence ol toxic disturbance.
The last 7 doses caused the cow to lose weight rapidly. Some slight
evidenee of nerve stimulation was noted on the last 3 days of feeding.
The cow was desiroved to obtain fat for chemists to recover the
origingl DDT from the fat. There were no gross lesions observed at
autopsy.
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TaBLE 28.—Results of repeated dermal applications of DDT at 1.5-
pereent concentration every 4 days uniil 8 treatments were given

Animals
Formu-
King of animal Iation

type ! Unaf-
Treated feoted

Number | Number

L= )

Ll el R MR RS T
Laad ol an ol ol ) = RO ENUES BO T ST N

! BEm=emulsion; WP =suspension of webttable 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 106 mg.flg. of DDT daily for
6 days, then incroased the dose for 2 of the cows Lo 150 mg. fkg.
daily for 6 days and then to 200 mg.flsg. for G days, while the third
cow recelved the 100 mg./lkg. dose for the three 8-day periods. All
3 cows showed nervous disturbances during the first week bub all
survived the treatment. A fourth cow was given 200 mg./kg. of
DDT daily for 6 days and survived, although very severely affected.
The same workers fed sheep 100 mg./fkg. daily for 6 days, followed by
150 mg./kg. for 6 days, and 200 mg./kg. for the third §-day period.

TaBLE 29.—Resulis of single oral doses of DDT adminisiered to baby
dairy calres and to adult sheep

Kind of
animal

| .

[ Animals
i

|

Alfected
Affected | severely,| Unat-
mildly | recov- | feeted
ered

|

|

i Age

i | Treated
|

i

|

Nuwmber | Number | Number | Number

1-2 wk
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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./kkg.
was the only one affected and showed only slight nerveus disturbances.
Orr ond Mott also fed horses DDT.  One horse was given 200 mg. fkg.
daly for 6 days and did not show symptoms other than weight loss.
A second horse was given 100 me./lg. daily for 6 days, then 1501 mg.fkg.
daily for 6 days, and 200 mg. /Lcr for the third §- day period. “This
horse lost weight but showed 1o other evidence of poisoning.

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

Spicer, Sweeney, Von Octtingen, Lallie, and Neal (23) fed DDT to
goats. They found that single deoscs of 500 and 1,000 mg.fkg. pro-
duced definile poisoning followed by recovery, and concluded that the
minimum lethel dose was in excess of 1,000 mg./kg. Of 4 goats
givenr 1,000 mg.fke. daly, 2 were sacrificed in o moribund state
after 6 doses, 1 died after 9 doses, and the fourth died after 11
doses. These authors coneluded that the susceptibility of goats to DDT
poisoning was dependent, in part at leaat on the amount of bordy
ilat the goats in bhest condition surviving the greater number of

0ses.

Welch (26) produced peisoning in caltle with DDT at 500 mg.fkg.
but the animals recovered. Tn his work sheep howed slight symp-
toms after a single dose of 500 mg. kg, and definite Symptoms with
recovery atb 1_000 and 2,000 meg./ke. “One sheep given 4.5 grams of
]IDDT daily (a.ppro.\:inmtvly 100 my.flkg.) was poisoned after 10 daily
doses.

The symptoms of polsoning by DDT obscerved at the IKerrvalle
laboratory agree with those described by Our and Alotl, Spicer
et ol., and Weleh,

TDE

TDI 1s a white erystalline solid that is sirailar to DD in physical
and chemieal propertics and, m our work, toxicily to livestock.
As with DD, we have been unable to induce poisoning by external
applications of this compound. The results obtained in owr experi-
ments are summarized 1 tables 30 and 31.

TAarLE 30.—Resulis nf single dermal applications of TDIT 1o calves,
lambs, and kids

: i. Cunccm! Formu-
Kind of animal - Ape I tration | latien |

i - vy b - .
inspray . type 1 Treated | Normal

Animals

E I Percent Number | Number
Calves._.___._._._ ' Z2wko_._____.___ { é g {%’{3 ?l‘ %
. : p A .
Tambs. oo o.... Bwhk oo . 1{ é 5 {{‘:T) é ;
Kid______ ... Gowho ool LE IS 1 1

1 Em=emulsion; YW =suspension of wettable powder,
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Tance 31-—Resulis of repeated dermal applications of emulsions of
TDE at 1.5-percent concentration crery 4 days until 8 treaiments were

qiven
Animals
Kind of aniraal Age _—

Treated Normal

Number Number
Calf . e 2GwWke . i i
Rad. el U0 wkeoo oo L. 1. 1
Tamb o 00 Wkl e . 1 1
Cattle. oo . G-8mo_____.__.._ ... 2 2
Sheep.. .. e . I 3 5
Gonts oo ... I S I S 3 a
Pigs. .. 3= mo. ... . _.. 2 2
Horse .l A N el 1 1

The results of oral administration of TDE {o baby calves and to
sheep are given in table 32, By this route TDE appears to be about
equivalent In acute toxic rfiects to DDT and approximately twice as
toxic as methoxychior. The symptoms observed in TDE poisoning are
hasically the same as those seen with DT and will be described at the
end of this publication.

TABLE B2~~flesulls of single oral doses of TOFRE adninistercd {o baby
dairy calves aad to adull skeep
i Animals

Kind of Ares .
animal Age . Do \feeteq Miected Toaf
Treated - ildic severeiy,  Dicd h ’1{1’5
Y reeovered ecte
mg, kg, Nwmber  Number Number Number  Number
{600 1 : 0 0
Calves .. _ 1-2 wk. __ l 250) iy 1 Y] 4] 0
i D100 . 0 0 6 4
Sheep___.__. 45 yr.._. 1,080 3 0 0 G 3
METHOXYCHLOR

Afethoxyehlor s a white ceystalline solid having many of the
physical properties of DDT and TDE. 1t is one of the loast toxic of
the chilorinated hydrocarbon msecticides studied at the Kerrville
laboratory. As with DD'T and TDE, we have been unable to induce
poisoning of celves, cattie, sheep, goats, hogs, or horses by external
applications of methoxycldor. The (restments emploved and the
results obtained are shown in tables 83 and 34.

To date we have been able to produce poisoning only in baby dairy
calves by (he oral administration of suspensions of methoxyehlor.
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Tasue 33.—Resulls of single dermal applicaiions of methoxychlor io
young livestock

_ : i Animals
: - Formu- |
Kind of animal Age Concen-| Ty tion |
. tration - fvne ! Taal-
: ¥PE T Prented na
. : feeted
! - Pereend - Number | Number
Calves oo f 2whaoLo L. : 1.3 Em . 1
: { &0 wWp 3 2
Kid . cOwkoooLl.oo 1.5 Em 1 ]
Lambs_ ____________ Pewkoooo_ L __ { 1.5: Em 1 1
8.0: WP 3 3

! Bm=emulsion; W= suspension of wettuble powder.

TasLr 3d4—Lesulis of maultiple dernal applications of neilocychior
eniulsions of 1.9 pereent concendraiion at 4-day infervals uniil 8
{realments were giren

Animals
Rind of animal Age

Treated Unsifected

Number Number
Calf. oo o . ... o 28wkl L Ll oLl C . 1
Bide oo oo el o el 2wk, ... 1 1
Toamb, ... -8 Wk oo . 1 i
Cattle o el -85S0 ..l 2 2
Bheep. e ce e aas [EA s 3 5
(088, e i on Qv . _.__. S 3
Hogs oo . .. IURU = U] 113 T 2 2
Morse. oo cao. o NI . 1 1

Asummary of the resihts ol oral adiministrations will be found in table
35 and includes doses given 10 ealves and to sheep.

In addition to the doses tabulated, 1 sheep wsas given oral doses
of a xvlene emulsion of methoxyellor 4 davs cach week, each dose
being 50 mg./ke., until a total of 21 such doses had been given,
without producing symploms.  Tsvo doses, each of 250 me./keg., and
one dose of 500 mg. ‘kg. were then given and no sympioms appeared.
The sheep was then destroved and the fnt collected for chemical
studies.

Weleh (26} did not induce poisoning in cattle by a single dose of
500 mg.fkg. of methoxyehlor. Sheep given 1,000 and 2,000 mg.fkg.
were unaflected, and 1 sheep failed Lo show symptoms alter 60 daily
doses of 4.5 grams of methoxychior.

PERTHANE

Perthane, also known as Q-137, is another compound closely re-
lated to DDT. It has been applied to baby dairy ealves as an 8-per-
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TaABLE 35.—Resulfs of single oral doses of methoxychlor adminisiered
to baby dairy calves and to adult sheep

Animals
Kind of animal Age Dose Affected| o
Treated | severely, fected

recovered

myg.fkg. | Number | Number | Number

1, 000 1 1 0

Calves_____________ 2wk .. 500 1 1 ]
250 5 0 5

4 0 4

cent suspension, 3 being treated, without producing symptoms of
poisoning. No further studies have been made at this time. It is
believed that its general toxicological picture is similar to DDT, TDI,
and methoxychlor in being one of the safest of the chlorinated hydro-
carbon insecticides.

DILAN

Dilan, also known as C5-708, is a mixture 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 suspensiops
without preducing symptoms of poisoning. Dian should also be
placed among the safest of the chlorinated Lydroecarbon insecticides.

Symptoms of Poisoning
MORE TOXIC COMPOUNDS

The more toxic chlorinated hydrocarbon insccticides including
BHC, chlordane, toxaphene, Strobane, dieldrin, aldrin, heptachlor,
and isodrin, are diffuse stimulants of the central nervous system.
The expressions of such diffuse stimulation are of extreme voariety
but are predominately neuromuscular. While is it unlikely that a
single animal will demonstrate all of the possible symptoms, there is o
suffizient similarity Dbetween animals (o permit recognition and
identification of a definite syndrome. :

The onset of symptoms may occur in from a few minutes to days
after exposure, depending on the chemical and the dose applied or

ingested. Most animals show symptoms within the first 24 hours

efter exposure. The sTmptoms displayed may be progressively
severe in nature or may 0. explosive and Tulminaling.

An affected animal may first be apprehensive and hypersensitive
or may hecome belligerent.  Soon blepharospesms and fasciculalions
of the facial and cervical muscles will appear, Jollowed by clonice
spasms of the cervical muscles, then those of the forequarters, and,
finally, those of the hindgquarters. These spasms may be rapidly
repeated or may appear intermitéently at regular or irregular intervals,
Concurrently 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 intense the animal is
increasingly agitated, often frenzied, and begins to lose coordination.
The animal may stumble while walking, jump imaginary objects,
walk aimlessly about, or move in close circles.  Abnormal postures
may be assumed, such as resting the slernum on the ground while
the hind legs remain in the standing position; others persist in keeping
the head between the forelegs.

These various symptoms moy progress to convulsions which are
clonie-tonic in nature, accompanied by periods of paddling move-
ments, nystagmus, grindimg of the teeth, and groaning or grunting.
Convulsive seizures may be repeated ot regular or irregular intervals,
or, once begun, may persist until death.

Occeasionally an animal will be siruck by a maniseal seizure and
plunge headlong iuto a fence, wall, lrough, or other object before
falling in a convulsion. A few animals have been observed to select
an ares of skin and lick af it until the hair and epidermis are removed,
usually leaving a raw and bleeding surfoce.

In some instances the onset of symploms is explosive, the animal
leaping into the air as if stung and then heacking or twisting into a
convulsion without exhibiting any premonitory symptoms.

Poisoned animals have been observed to become comalose and
vemain so for several hours before death.

Convulsive seizures, if prolonged for more than a fow minules,
cause the body temperature to rise sharply and remain as high as
114°-116° . Much of this nerease in temperature is matwrally due
to the muscular activity involved in the seizures, bul it s our opinien
that there is probably a concommitant interference with the beal
regulatory centers and meck inisms distinet from the factor of work.
In such prolonged seizure:  :spnea oceurs and death lollows respira-
tory fatlure.  The cessation of pulmonary ventilation before cardiac
arrest establishes & generalized ¢y anosis.

During the symptomatic period many animals will show an ex-
agwrerated response to sudden stimull such as noises or movements.
This 15 particularly true with toxsphene and strobane.

In marked contrast Lo these aclive symptoms are those shown by
sorpe animals whereln there 18 severe depression, drowsiness, inap-
petence, and reluctance to move abeout, followed by emaciation and
detiydration.  Such symptoms may persist uniil death, or there may
be an alteenation of depression and aetivity.

The severity of the svmmptoms displaved is delinitely not an index
of the chances of an animal for survival.  Tn our work we have seen
animals die after a single, briel convulsion, while others have survived
numerous seizures of apparent equivalent severity,

LESS TOXIC COMPOUNDS

The loss toxie insecticides which produced symploms in our ex-
periments were DDT, TDE, and methoxvehlor, and the discussion
following is confined Lo these three insecticides.

In this type of poisoning the anunals first show restlossnoess and
are exeilable and hypersensitive, much as ave the animals poisoned by
Lhe more loxic group. Fasciculations of the facial muscies then ap-
pear, particularly in those of the evelids, which are very rapid, ap-
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proaching the character of tremors. This movement is much more
rapid than with the more toxic compounds and is not as coarse.
Tremors then appear in other muscles o[ the body, finally involving
every skeletal muscle simultancously.  These tremors become coarser
with the progress of time, finally causing the animal to shake vio-
lently. Such seizures may be pm\ol\cd almost at will hy slight
external stimuli.  Dyspuea occurs with such atlacks.

Following seizures, thie animal is depressed and stiff.

In the milder cases of poisoning, lremors arce abseni or incon-
spicuous, the animal walling with the pasierns extended stiffiy,
appearing as Lhough on “lip-toes,” aud walking with short choppy
steps.  This is followed by a period of apparent laminitis during which
the animal walks as though all four fect were extremely sore. During
this period the reflexes are slow and the animal loses weight rapidiy.

Avutopsy Findings

Tu aeule poisoning the lesions found are nonspecific.  Due to the
bigh activily usually preceding death and the coeval rise in body
temperalure ere is cloudy swelling of most viscera and blanching of
the intestines. Small hemorrhages oceur at random Lhroughout the
body but are more consistently found on the beart.  The epleasdium
usually shows from a few (o several hundred pelochinl or larger
hemorrhages lending to ocear primarily in the areas adjacent to the
major coronary vossels,  ‘Ther ¢ may be diffuse endorardial hemor-
rhages, As a rule the beart is in svstole and the myocenrdium is
whitish in color. There max e excessive perienridal flnid.

Generally, although (here have been exceplions, the lungs are con-
gested, dar K in ('0]01 and show some hemorrhages.  In some cases
biood- tmcrvd exudate is presend i the bronchioles. The lubgs may be
edematous.  In some cases the involvement is lobular or Jobar rather
than diffuse.

In cases of oral dosage there mny be a mild gaslroenteritis.

The brain amd apzm] cord are usually mn"catvd and {requently
cdematous.  There is frequently an exeess of eerebrospinal fluid
attaining high pressure,

In chronic ecases the foregoing lesions occur, fogelher willl de-
generative lesions of the liver and kidoevs.  There is usually a loss
of weight immediately hefore death, accompanied by deliydration
and ge]ﬂtinizutjrm of or absence of fat depots.

Micropathology

Summations of microseopie findings ace to he found in table 30.
As may he expeeted, the microscopic Jesions follow those observed in
the gross specimens -~congestion, cloudy swelling, hemorrhages, and
edema in the neute enses, with neerosis, fatty changes, and varying
degenerations of the 11\'(- and kidney being the most i':vqucntl\'
obser ved 10 those surviving for the lonu’bt p{*nozis Clongestion with
cloudy swelling and small hemorrhages ocenr in the brain and spinal
cord.
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TasLe 36.—Microscopic lesions found in cases of acute porsoning by
® chiorinated hydrocarbon tnsecticides

Organs and total number examined

1
Findings | e Cre b . Cere- ' Cere-  Spinal

I L"}‘TE" EI\IF,)"G-‘! J“;]”g © brum ; bellum  Cord

] 7oAz es oy 19
Copgestion___... ... ... __. 20, 27 9 21 18 13
Hemorrhages_.. .. . _ _._ .. 0 14 6. G 10 4
Cloudy swelling_. .. ... __._ 26 29 - 0 8 7 i
Fatty changes.__. - 21 2 ] G 0 0
NBCrosiS. «ouee o T 11 2 0 1 0 J
Degenerative changes .. __._ 2 10 0 1 0 1
Increased cetlularity_... .. 1 12 L [t 0 0
Exudates present_ . _ I 0 20 - 0 0 0 3
Edemn . oo, ___ . 0 2 { 0 1 1
Pericellular vacuolation. .. . 0 O 18 11 H]




PART il

Organic Phosphorus Insecticides
PARATHION

Parathion has found wide aceeplance for use against insects [eeding
onplants. In some countries its use on livestock has been advoented.
At this time its usefulness in the United States is chiclly against plant-
feeding insecls. Trangers to livestock are the consumption of par-
athion-treated plants and residues spilled by operators ol spraving
and dusting machinery. To obtain comparative toxielly data wo
have treated a number of animals with this material.

Results of single dermal applications of parathion are given in
table 37.  Poisoning may be expected to occur in baby Jersev calves
at concentrations as low as 0.01 percent while definite lethal effects
will be noted at 0.025 percent, whether the insecticide is applicd as an
emulsion or as a snspension.

TanLE 37.- - Results of single dermal applications (sprays) of parathion
to buby dairy calves, sheep, and goats

Animals

Concen- [Forimu-
Ape iration  larion
inspray  lLype!

Kind of
animal

“Prealed Affected Died [Mnaf-

mildly focied

Fereent ) Numbor  Nupher Number Number

A

Iom

Em

W

W2

Em

Ein

Em

Sheep___ .. ¥ . Em

. . . Em
Goatao. A - . Em

ol

19 o B ) I Bl
oo
NCoCoSHRD— oo

DD oa

2

! Em=emulsion: W’ ~suspension of wetiable powder.

Onset of symptoins was as enrly as 1 hour alter treatment andd as
Inte as 8 hours.  Death occurred from 4 hours to 5 days after (real-
ment.  Because ol the edema and congestion which develop during
the course of parathion poisoning there is danger of subsequent
pneumonia, aud death may oecur several weeks afier treatment.

Results of oral ndministrations of parathion to baby ealves, ealtle,
and sheep are summarized in {able 38, Parathion is the mosl foxic
of all the inseeticides studied at this Jaboratory. A single dose of 0.5
mg.fky. was sufficient to poison haby enlves.  For enttle, (he toxic
dose 18 many times that for ealves and no poisoning resulted from
doses of 25 mg. kg, Sheep were poisoned by 20 mg.fkg. but not by
10 mg.fkg.

34
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TasLe 38.—Resulls of edminisiering single orul doses of parathion
suspensions to dairy calves, catlle, and sheep

Animal

Kind of i_

animal Age " Dose ' ! Affected

’1Treatedf’\ﬁec£ed :-*,navareiy',E Dicd | Unat-

mildly | recov- ! - fected
| ered i

- Number Nuwmber i Number : Number * Number

Calves.___

Steers

-
e N LI T e b el D e T O

,..
b O B3 D O e ke B G2 D

oDOOCDooOoCWo
foBada b S Rl e o T N B YA
CEC v bl = D IS KD

I
i
i

EPX is another phosphorus compound similar in many respec(s (o
parathion. Al present its nses are limited to the control of insecis
other than those on animals, and the principal soncres of poisoning
will probably be treated forage, or malerials spilled during contro
operations or otherwise loft exposed.

Results of single applications of sprays of EPN (o haby dairy calves
are given in lable 39, From those dala we may conclude thal EPN

Panne 38.-~—Results of single dermal applicotions (sprays) of EPN
applied to dairy calves 1 1o 2 weeks of age
Animals

(‘0‘"(‘('!1-' J!“(’rln.n_ [ F T S e e e
irntion  lnlion Alfected
i spruy  lype ! severcly, Dienl {'nal-

FeCov- feetod
erod

IKinel of aniingt
and age
Treaied

i
1

Numher Number Number Number
Tin 2 { 2.
Em . 2
Emn 3
WP .
. Ein
- Wp
Emn
Iin

Wi

L]
=
-

Thon

Calves, 1-2 wk

PPFPPQQ@P?
SO = e
CoMS NS
PR T I oY e Y]

T3 b3 CH Tn
LIR 1

! Bim=cmulsion; WI=suspension of weltable powder,
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is roughly cquivalent 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 tahle 40.

TaBLE 40.—Resulls of single oral doses of EPN administered to baby
dairy calves, adult cattle, and sheep

| Animals
E;I;?n::]f Ape Dose | Affected .
| Treated severely, Died Lnaf-
: b renoyv- focted
ered i
mg.fkg. | Number | Number | Number | Number
10 . 1 1 0 0
Calves ________ 1-2 wko. . __. ? 8 g } g %
a5 3 0 g 3
. [ 10 i 0 1
Bleer ... . _ Lvro . __ 5 1 0 a 1
100 1 0 1 0
75 21 0 2l 0
Sheep. .. -2 ... 50 3 2 1, 0
20 4 1 2! ]
10 10 0 0! 10
. 1 :

The symptoms and lesions exhibited by the animals poisoned in
this series are similar to those shown by parathion and other mem-
bers of the cholinesterase-inhibiting series. Onset of symptoms
varied from 30 minutes to 24 heurs after treatment. Deatl usually
occurred within 24 hours of the onset of symptoms. Recoveries from
sublethal doses were complete in 24 (o 96 hours after the onsct of
symptoms.

MALATHION

Malathion, like parathion and EPN, produces cholinesterase
inhibition. Its acute toxicity is less than either parathion or EPN,
heing equivalent to toxaphene.

At present there seems to be a wide field of application for malath-
ipn, and ifs use on animals has been suggested. The dangers for
the present are those assoeiated with the ingestion of treated forage
and ecarelessly exposed material in concentrated form.

The results of dermal applications of malathion to baby calves
are given in table 41. The minimum toxic conceniration would
appear to be between 0.5 and 1.0 percent. Such applications have
not been made o other animals. The results of oral administration
of malathion to baby calves and Lo sheep are given in table 42. The
minimum toxic dose for haby calves appears to lic between 10 and
20 mg.fkg. By this route malathion seems much safer than toxa-
phene.  However, the number of animals treated was small and the
fipures must be aceepted accordingly. Sheep tolerated 50 mg./kg.
doses bul were poisoned by 100 mg./kg. and all higher dosecs.



http:malfl.Ul

ACGTE TOXICITY OF CERTAIN INSECTICIDES TO LIVESTOCK 37

The symptoms and lesions of malathion poisoning are hasically
the same as for the rest of the organic-phosphorus family of insecti-
cides.

Tanie 41.—Resulls of single dermal upplications (sprays) of malathion
applied to buby dairy calves 1 10 2 weeks of age

_ ) Calves
Concen- TFormu-
Kind of animal and ape tration  lation

inspray WP preated  Died | on
Percent Number Number  Number
g Eim 21 Q- 21
M El
Calves 1-2 wk. . ......__. sy NE H 2 i
425 wWr 3 g 3

t B - emulsion: WP -suspension of wettable powder.

Taner 42 Resudls of single wral doses af malathion administered to
baby ealros and to adult sheep

Aninals
I'l(IilIi)I(lll“l}r Aue Plose : Alfeclod .
SR — AMecled severely, . Unaf-
Freated ; mildly  recov- J Died b fected
ered !
g, . Nuather Niember Namber  Nuwmber Numiber
1ol i §] I} 3 i
{"alves I 2wk 20 i i 2 { i1
10 a 0 i} 3] 3
B0 2 0 i i 0
240 2 H i 0 0
sheep 2oy 4 1Al 4 0 i | I
Flan 3 f { 0 2
I At 1} n 4] i} 16}
DIAZINGN

Diazinon s one of the mosl recently developed phospliorus in-
seeticides.  The resulls of single dermal applications (o haby calves
are given i table 43, The resulis of admnistering single doses of
Diazinon to ealves, catlle, and sheep are given in table 44. The
minimum toxic dose Tor baby calves seems to he just under 1.0 mg. fky.,
that dosage causing definite sleepiness in half of the calves so {reated.
However, Dinzinon appeared o give the animals a better ¢hiance of
recovery than did parathien when the calves were affected to approx-
imately the same exten{. The minimum foxic dose [or sheep was
just under 30 mg./kg., thiatl dosage producing only very mild symptoms
of poisoning. IJor adult caltle the minimumn toxic dose scems to he
belween 10 and 25 mg.fke.
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Diazinon was repeatedly abserved to dilfer slightly from the other
members of this group in the production of symptoms, in that the
mntoxicated animals always passed through a period of drowsiness
before exhibiting the more tvpical symptoms.

TagLe 43.—Resulls of single dermal applications of Diazinon as sprays
to dairy calves 1 lo 2 weeks of age

]
: Animals
Coneen 1’ TFormu { [
. . - T - |
Km.d c&f animal tration | lation Aﬁ' i .;ge;cet:- ’
anc age in spray: type ! | Treat- ect— verel Unaf-
: ed ¥:} Died fected
mlld]y recov- !
; ered |
[
t : } b - |
i Pereent NumberiNumber: Number ' Number: Number
(0.5 : Em 3 i 2! 0! 0
- 1025 Em 512 0 1 2
Calves, 1-2 wk______ 0.1 . Em 5 g b L] 5
¢ 1001 W 5 2. 0! 1 3
S0 WP 10 - 0| 0 [

i
1
T

! Em=cmulsion Wl’-—suspensaon of “ctt.ible pm\dnr

Tanie 44— Results of administering single oral doses of DHazinon to
baby (?mm; cah es, catt{e and .sfwr’;n

Animals
Kind of .
animal Age : Dose Affected . " AfTected © Unaf
Treated SCLeC” severely,, Died . DAL
mildly rcecuvereti . fected
wig.thyg,  Number | Number . Nwmber - Nwmber ' Number
T Y
taly 2wk 2.3 2 | i i :
Culves._ . . lﬂ\\k...{ I o 8! 6' 0’ 01 3
0.5 2 0 0. 0" 2
| 2 1 0 I 0 0
Sleers. Paro 10 2 0 0 0, 2
I 5 ] 0 0 0 i
[ 40 3 3 0 0 0
Bheep. ... 3 4 yr. 20 ] 0 0 0 9
I 1o 2 0 0 0" 2

BAYER COMPQUNDS #

The Bayer Company of Germany has produced several new phos-
phorus insecticides,  Only ong of these materials has received & com-
mon name, the remainder still being known by numbers.  Because
of promising experimenial resulls in the entomological field, and in

¢ Mention of tride names or companies docs not constitute endorsement by the
Depariment of Agricul{ure.
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order to present the data presently available on these compounds,
the following data are included in this report.

Bayer 1.,/13/59 is one of the more promising of this group. Resulls
of sdministering single oral doses of this compound to baby calves
and to catle are given in table 45, From those dala it appears thab
the minimum toxic dose for baby calves is botween 5 and 10 mg.flkg.;
for cattle, between 50 and 100 mg.fkg.  Wive baby dairy calves have
been sprayved with this compound at 1 percent, 4 2t 0.25 pereent,
and 1 at 8.1 percent without producing symptoms of poisoning. No
higher doses have been applied.

TaBLe 45.— Results of administering single oral doses of Bayer compound
L 18]59 to dairy calves and catlle

l : Animals
Kind of animal Age E Dose | | ',\ﬂ‘cctedi .
! Preated ‘ .-\.if:eic{lierd severel y,é {L' nt“f-i
: midly recovered: ected

mg. kg, | Number - Number: Number ' Number
I ;

‘..._.....
o~
&

. P I 0; 1
Colves. . _______ I-2wko._.. ... 5 5 U 0 : 5
J 200 I 0; 1! 6

. Jdo100 1 1 0! 0

Cattle ... R I 2 - 0 0 2
l 25 ! 2 9 g 2

Chlorthion, also known as Bayer 22/180, is one of the Jeast toxie
of this group. Resulls of single oral doses of chlorthion are given
m table 46. 1t appears that the mintmum toxic dose of chlorthion
for baby dairy calves is between 50 and 100 mg./kg.  One yearling
Hereford heifer was given 50 mg. fkg. of ¢hlorthion without producing
symptoms.

Bayer compound 21/199. Results of single dermal applications
of this compound are given in table 47. [rom the data theve pre-

Tanre 46.—Resulls of adminisiering single oral doses of ehiorthion
{Bayer 2811907 o baby calves and adull cattie

' Animals

Idind of antmal Age i Dose
: ['naf-

Trealed :  Died fucted

f

. : ;
U mg ke, 0 Nwmber ' Nagnber | Number
0 :

i i i 8 : 1] i 0
; -2 wk | 50 i 0 1
Calves----_-_._____;: -2 wk_ ..o : 95 | L 0" 1
) . i - i 0 1
Heifer. ___ .. _______ { T owr o o o.. : 50 4 1 g 3
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sented, the minimum toxic concentration for baby calves appears to
be between 0.25 and 0.5 percent. Ome yearling Hereford heifer was
given 80 mg./kg. of compound 21/199 and died of poisoning; a similar
heifer given 25 mg./kg. wes unafected.

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

TABLE 47 —Resulis of single dermal applications of Bayer 21/189 to
dairy calves 1-2 weeks of age

Animals

Tind | Coneen- | Formu- i
vind of animal and age tration | lation

3 . o g | Affected _
nspray | type ' | ponieq ‘saverely, ng :;&fd

recovered

"y

oopoeml

Nomber | Number | Number

)
]
=
=
-

WP
wp
WP
wpr
wp
Em

Calves, 1-2 wk

Eanl ol vl ] ]
o
GOk

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

Symptoms of Poisoning

All the phospherus compounds used in our experiments produced
symptoms of poisoning that, to us, are indistinguishable. The Symp-
toms shown are those associated with destruclion of or interference
with the enzyme that destrovs esters of choline.

Poisoned animals generally first show excessive salivation. The
flow is abundant and the consistency of the saliva approaches that of
water. The animal then usually encounters respivatory difficulty and
breathes with the mouth open and with greatly exageerated respirs-
tory movements. As the respivatory effort increases the animal walks
stiftlegged and wanders about restlessly. Fasciculations of all skeletal
muscles are present.  Eventually exhaustion forces the animal to lie
down. As death approaches there are loud rales from the lungs and
the animal grunts softly. Death appears te occur by suffocation.
Only with the very highest doses have couvulsions been seen.

Compounds that inhibit cholinesterase vary wid ely in that activiby.
For that reason results of experiments may be drastically affected by
the presence of other closely related compeunds as impurities. Since
commercial production will rarcly be o chemically pure product we
may expect that occasinnally therc may be poisonings resulting from
enfirely rational doses.

A second factor in producing variable resulis with these materials
goes back to individual susceptibility, recognized for all species of
suimals and most, if not all, poisons. In the case of the organic
phosphates, a part of the individual susceptibility is due to the
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cholinesterase reserve of the animal. It is possible to lower the reserve
progressively by small doses of inhibitors to a threshold beyond which
poisoning will he produced by minute additional doses of inhibicor.
Thus it is that animals maintained alongside of or on frequently
treated fields or pastures may gradually have their cholinestorese
reserves reduced to the vanishing point, thereby increasing their
susceptibility to cholinesterase inhibitors as well as to cholinergic
drugs that may be employed in the therapy of certain conditions.

Autopsy Findings

In acute poisoning by cholinesterase-inhibiting insecticides the
lesions found af autopsy are never outstanding and never pathog-
nomenic. In many cases the autopsy findings are entirely negative.

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

In cases where the animal was affected over a prolonged period,
pneumoenis may be observed. TIn our expericnce several cases have
suggested prneumonia by the character of breathing only to present &
perfectly clear pair of lungs b sutopsy.




SUMMARY

Studies of the 2eute toxiclly of 12 chlorinated hvdroearbhon insecti-
cides for Jivestock have been presented, including DDT., TDE,
wmethoxyehlor, Perthane, Dilan, BHC, taxnphene. ehlordane. hepta-
chlor, aldrin, dieldrim. and Strobane. The studies were designed to
determine the minimum foxic and maxinmum safe doses of these com-
pounds when applied to the skin as sprays or dips, or ingested. Resualts
have been tnbulated for the sake of hrevity,

These 12 compounds were used to treat 1,241 head of livestocek, of
which numaber 171 were definitely poisoned but recovered completely,
while 184 polsoned animals died. The symptoms displaved by ese
355 intoxicated snimals have been summarized in two sections, one
concerning the more toxic and the other the less toxie compounds,
Lesions observed in the 184 animals that died of poisoning have been
summuaorized in 2 like manner, while the lustological findings m a
proportion of these animals have been presented in tabular form.

In a similar manner the miniinom toxic and maximuam sale dosages
of seven organic phosphate insecticides have been determined on
Iivestoek, including malathion. EPN. parathion, Duzinon, Bayer L
13°59, Bayer 21 199, and chlorihion. The treatments were apphed as
sprays of administered orally, to a woral of 258 head of livestock. In
this ‘total of 288 animals, 54 were poisoned but mude complete recov-
eries, while 45 were powsoned and died. The symploms displayed by
these 99 intoxicated animals have been summarized for the entire
group. A similar summary is given of the lesions observed in the 45
Tatal cases.

A gumamary of minimum toxie and maximom safe doses appears 1n
tebles 438 and 49,

42

'.
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TABLE 48.—A summary of the minimum tozric and mazimum nontoxic
sprays fo lLvestock through Jan-

doses of insecticides® applied as
uagry 15, 1954

Chewmieul

Aldrin.

BITC, munmn

Chiordanc

Dicldriy .. ..

Heprachlor

Strobane |

Tuxaphene

Hayver 21 J04
Diazinon
BN

Madut hion

Parathion

k
1

i : Maximum ;| Minimum
Animals _ Ape . no;;g:é.m . Ejo(‘)\;l:
; . tested | found
! ' i
: : Fercent Pereent
Calves 1-2 whk . 01 .25
., Lambs 3wk L 44
{ Kids_ C 3wk o 4.0
rCalves. C1-2 wk. 0 025 0. U3
Cakves © -8 o 13 .
Cattle, oAdult 0.1 4. 24
Lambs CHwkl . 1. &
Sheep ©Adalt 1.0
Plug dmo.. . 1§ -
vHorses Adult . 15 -
Calves P12 wk 0.5 1.0
Catyle Adult. 2,0 _
Lamh= 3wk LU 2.0
Sheep . Adult 3.0 4.0
Goats .. . Adulv. . 5.0 4.0
[Harses . - Adulr 1.5 R,
Calves . ... - 1-2wk, 01 0, 25
Cattle ©Adult. i0 2.0
Lambs . 2wk _ 2.0 3.4
Sheep. . Adult . o 4.0
Pigs 8wk, .. 4.0 R
(joais. CAdult _ o 4.0
Horse._ Aduly 1.0 . -
Calver -2 wk. 0. 23 0.5
Calle 1 vro .. 0.5 -
.Lamhs Swk. 4. 0 -
Calves _ .. 5 I-2wk, . . 1.4 2.0
Calves 1-2 wk AL a0 Ta L4
Catile Adult 2.0 IR
Lambs . 6 whk._. d4. (3 .
sheep. Adult. . 1.5 4.0
Kid=_ i wk. _ 4.0 .
(roats.. . Adult. 1.3 j. 0
Hows, . Aduli 4.0 .
Horzez Adult . 1.5 L
Calves 1-2 whk.. .2 .5
Calves 1-2 wk._ 0. 15 1]
Calves. .. 1-2 wk. f1. (423 .08
Calves 12 wk_. | 0.3 1.0
alves 1-2 yr . 0. 01
Bheep . 1-2 yr.__ o 1.9
Hioaa 1-2xr . 1 1.0

LT, TRE, methaxyehlar, Dilan, and Perthane were nonlosic to buby culves
Bayer L 13:3% was nontoxie at 1 pereent. Higher
Data on ehlorihion as « spruy are inconclusive,

at 8.0 pereent concentration.
toses have not heen applicd.
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TaBLE 49.—A summary of the minimum loxic and mazimum nontoxic
single doses of wvarious insecticides' gdministered orally to livestock

through January 15, 1994

I\JIaxjmu:m Minin_:lum
Chemieal Animals Age nog;g:w ?OX;:
tested found
mg.fig. my.fhg.
[Cal\-'es ..... 12wk _.__ 2.5 5.0
Aldrin____ .. __.___ 1 Caitle______ LR 14 25
{Sheep______ -2 yroo. . 10 15
JCalves _____ I-2whk . _ ‘2.5 5.0
BHC, gamma_____ ... _._.__ Sheep_._ ... -2 yro____ 10 25
Cattle .____[ 1 }'r_-],\ _____ 10 25
Calves_____ 2wk oo __ 10 25
Chlordane. . oooniaoms Sheep....__ 45 yr - 50 100
DDT {Calves _____ 12wk ____ 100 250
me-es osme - -\ Bheepl ... 5 vro o |eea_ .. 500
galves _____ I-2wk_ ___. 2 i
. N attle . ____| Tyro ... 10 25
Dieldrin... . .. .. - -\ Pigs—- - 3wk T a5 50
léforse ......... T i R PR 25
alves_____ 12wk ... 13 25
Heptachlor ... .. . .. .._ {Sheep ______ 5vr. .. 23 50
~2 wl 4 5
Methoxyehloro .. ... ___ {gﬁég;s' T i_g ;rk """ 1 ggg 300
Strob {Cal\'es _____ 1-2 wk___._ 10 23
TeOaDe.... - . - .-e - Sheep...___ e . 30
Calves_____ -2 wk_.___ 2.3 5.0
Toxaphene_... . . _._ (S}heep ______ 4=5 x¥ro_____ 10 23
[o7:% < SRURE SRR IS o
Calves_ ____ 1-2 whk_____ 100 250
TDE - oo """{Sheep ______ 5 i — L,000 .o ..
. = Calves_____ -2 wk_ __.. 5 14
Bayer L 13/59. .- {Cattle_.r___ lyro....... 50 100
s Calves. ____ -2 whko_.__ a0 1040
Chlorthion-... . “NWCattleo o} 1yro______ E L
1Calves. ____ 1-2wk_____ 0.5 1.0
Diazinon.__. .. o ..y Cattle _____ 1 ¥Fmeee 10 25
| Sheep..__-. ~4yr. .| 20 30
[Culves _____ -2 whko___. 3] L0
EPXN... ... . . JyCattle L) lwr ..., 0 L.
I%heep ...... 1-2yr_____ 10 X 20
. alves .. 2wk ___.¢ 10 1 20
Malathioa. . . . A Sl'{lle‘ei _____ 109 ;r___,_- 50 I 100
[Calves. ... S 1-2wkoo . 0.25 | 0.5
Parathion._. yCattle______ Tyroo . 4.0 i .. ...
. lSheep ______ "1-2wro_____ 10 - 20

! One yearling Hereford given 30 mg./kg. of Bayer compound 21/199 died
of poisoning; a similar heifer given 2& mg./kg. was uneffected. Perthane and
Dilan were applied to baby dairy ealves as an 8-percent suspension only, without

produeing symptoms of poisoning.
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