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FOREWORD

This book is the third of five volumes comprising the Handbook of Toxicology.
Encompassing INSECTICIDES, it brings together a large portion of general toxi-
cology which, by its economic consequences alone, potentially affects large popula-
tions.

This work was prepared at the request of the Aero Medical Laboratory,
Wright Air Development Center, under the direction of the Committee on the Hand-
book of Biological Data, operating under the Division of Biology and Agriculture
of the National Academy of Sciences-National Research Council. Dr. George Kitzes,
Physiology Branch, served as project director for the Aero Medical Laboratory
under Project No. 7165, "Health Hazards of Materials and Radiation," Task No.
71836, "Evaluation and Control of Toxic Chemical Materials." It represents and
is the summation of fine judgment by sincere and competent investigators. The
188 compounds reviewed and presented indicate the scope and breadth of the effort
involved.

Dr. William Negherbon compiled this material from diverse and expanding
sources with judgment and thoroughness. The Introduction by Dr. Negherbon,
while directed to ingecticides, is an essay on the problems and principles of all
toxicology .

Acknowledgment is made to Dr. J. W. Heim and Dr. George Kitzes who, as
representatives of the Wright Air Development Center, were instrumental in estab-
lishing the Handbook series and offered aid and direction toward its completion.

Mr. James Mauk, Paul Griffin, and Robert Siebert contributed much in the technical
preparation and indexing of this volume. Dr. Wolfgang von Qettingen and Dr. Lloyd
Hazelton, of the National Institutes of Health and the Hazelton Laboratories, res-
pectively, have contributed much through their encouragement and critical judgment.
In addition, appreciation is extended to the many individuals, chemists, biologists,
and toxicologists, who conducted the original experiments or served as consultants
and reviewers.

Handbooks of Toxicology published 1955-1959

Volume I, Acute Toxicities 1955
Volume II, Antibiotics 1957
Volume III, Insecticides 1859
Volume IV, Tranquilizers 1959

Volume V, Fungicides 19569



ABSTRACT

This report presents data on the physical, chemical, biological, and
toxicological properties and insecticidal effectiveness of 188 compounds,
compiled from more than 3400 references. Each page of data has been
exhaustively reviewed and authenticated by the contributors.

The compilation is very extensive, covering such subjects as the
pharmacological, pharmacodynamic, physiological, and biochemical
effects on insects, higher animals, and plants, where applicable and
available. A comprehensive bibliography is keyed to the text by numerical
marginal text references on each page.

Two indexes, '"Index of Scientific and Common Names'" and "Index of
Chemical Compounds, " supplement the text.

This Handbook is as authentic and reliable as could be procured but,
nevertheless, it is a survey, and the values presented herein should be
considered as "yardsticks' of activity rather than as absolute and definitive.
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INTRODUCTION

In sponsoring the Handbook of Toxicology, the United
States Air Force, through the Wright Air Development Cen-
ter, foresaw from the outset a volume, or at least a section,
on insecticides. The present book, dealing with the toxicity of
insecticides and such ancillary substances as acaricides
(miticides} insecticide synergists, repellents, etc., is the
outcome. The goal of this book has been to bring together as
completely as possible and in convenient form data--prefer-
ably quantitative, tabular, and comparative —derived from
valid tests by explicit methods, on the subject of insecticide
toxicity.

Implicit in the subject of insecticide toxicity is the
topic of hazard to man, to domestic animals and plants, and
to plants and animals in nature. Hazard may be particular,
unigue to certain circumstances orin absence of certain
reascnably attainable precautions, or it may be universal and
ever-aitendant upon the simple existence of a toxic agent.
Hazard may accompany the synthesis or manufacture, the
compounding or formulation, or the general or special use of
an insecticidal substance, During synthesis or manufacture,
hazard may be far more acute than in final use, since the
primary materials or processes may be far more toxic than
the end product, or be far more difficult to control in their
harmful potential. The inverse, of course, may just as easi-
1y be the case. Hazard and toxicity, then, must be carefully
differentiated but the degree of hazard cannot fully be meas-
ured without exact knowledge of the toxicity, Hazard and
risk, biologically speaking, are inherent in insecticides as in
any other biologically potent agent,

By definition, an insecticide is a substance, a mix-
ture of substances, or an agent used to kill and thus to con-
trol insects and related arthropods, In actual use, insecti-
cides are intended to apply only to species harmful or
annoying to man and his chattels or property. Unfortunately,
in most cases the insecticide must be applied to the undesir-
able insect in a context of other living organisms, plant or
animal, which may be alsc subject to the life-harming powers
of the insecticide. The goal, plainly, is to have insecticides
which are highly specific in their action, acutely effective in
harmful properties for the undesirable forms of life, while
being innocucus or only slightly, and so eontroliably, harmful
to other living forms. With chemical agents as insecticides
it is not always easy to attain such specificity. What may be
lethally harmiful to insects by in any way altering or disturb-
ing their normal vital processes may entail harm for other
living organisms. It is necessary, however, to guard against
an automatic assumption that high hazard exists in the use of
any and every insecticidal agent. Hydrogen cyanide is a gas
acutely toxic for virtually all animal organisms, and nicotine
is an alkaloid which, unit for unit, is almost incomparably
poisonous for higher animals; yet both these substances have
long been used for insect control in a completely routine
manner, with proper precaution, by persons not chemists,
pharmacologists, toxicologists or zoologists, and without
harm to themselves, The important thing is to know and un-
derstand where and under what conditions even a highly
poisonous substance may be employed with a minimum of
hazard. For long-familiar insecticides the conditions of use,
of precaution, and of control are, on the whole, well-known.
But nowadays new insecticides are muitiplying upon the scene
in many guises, under many names, in many formulations.

iii

Until about twenty years ago, new insecticides made their ap~
pearance in a thin trickle, With the arrival of DDT, the trickle
became a freshet, and the freshet now attains the dimensions
of a flood. But advances in knowledge of the special nature of
insects and their close relatives have also muitiplied—many of
these advances resulting from a search for methods of control
and the test of putative or potential insecticides, By knowing
more fully the special nature of insects and those weaknesses
peculiar to them, advantage may be taken of such special attri-
butes to attack the insect while leaving safe other living organ-
isms.

By concentrating primarily on the toxic properties of
insecticides, the present work might expect io achieve useful-
ness as a general guide to the degree of hazard, viewed broad-
iy, that attends the use, under reasonably well-defined condi-
tions, of any insecticide presently in general use or rapidly
achieving general use. The comments made under Acknow-
ledgments have already indicated that any value this book may
have rests solidly on the original scientific data of a host of
workers. Only by considering and comparing many data, and
allowing for various methods used under specified conditions,
is it possible to consider the range of action of a particular
agency, This work considers data drawn from controlled lab-
oratory experiment under defined conditions as well as data,
and certain ‘‘value’’ conclusions, derived from field experi-
ences whose conditions are far more difficult to define and
control, A recognition both of the relatedness and the essential
differences that distinguish the classes of data gathered by
these two general methods has led to their being quite strictly
Set apart from each other in this boek, Although this will help
to provide understanding, forewarning, and control of hazards
associated with insecticidal use of chemical agents, such puta-
tive utility must be a by-product—a consequence of knowledge
presented disinterestedly and without bias. Comprehension of
this ideal does honor to the United States Air Force which, in
the immensity of its activities, has recognized the primacy of
knowledge and sought to promote it in 50 many fields.

Aside from usefulness in the assessment and control
of hazard, other useful results may arise from the comparative
treatment of the data as these concern groups or families of
substances related chemically and structurally, or related by
an essential similarity in mode of detailed action. Toxic action
is physiological action, biochemical action. The toxic action as
such may be the one on which we focus attention, but that toxic
action may shed valuable light on the general physiology of a
biological group of such high importance and interest as the in-
sects. Thus, as Sir Francis Bacon long ago insisted when in-
duction as a method, if not as a practice, was young—data
brought together in an orderly and comparative way may in the
hands of the thoughtful and imaginative readily suggest fertile
associations and fruitful generalizations.

A given insecticide is not equally effective or similar
in its action upon all insects. This very fact may tead to deep-
er knowledge about both the insects and the nature of the insec-
ticide. The quest for new, useful agents of chemical control of
insects is nowadays far from being wholly and blindly empiri-
cal, as once it was. Newer knowledge of insect physiology—
and what may rightly be termed insect pharmacology and phar-
macodynamics—has revealed that certain general types of
chemical structure act on insects. Such information makes
possible g more clearly-directed search for agents with sharper
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and more specific insecticidal use, Indeed, it may be said
that to a fair extent insecticides may now, in a chemical
sense, be designed deliberately. In that activity this book
may, in a very practical manner, be helpiul.

From the outset it was deemed movre fruitful to
deal generally with the toxicity of insecticides for all living
organisms, whether mamrmals or other vertebrates, insects,
other invertebrates, or plants. Also it was apparent that a
work on insecticide fexicity would be gravely incomplete and
grossly limited if it ignored a proper setting forth of what is
known or reasonably conjectured about the moedes of pharma-
codynamic action {and so toxic acticn) of the compounds dealt
with. This imposed ancther dimension on the work and re-
quired an orderly comparative treatment of physiolegical,
biochemical, pharmacological and pharmacodynamic data, as
well as of the pertinent aspects of the physical and chemical
properties of the compounds.

Emphasis, or apparent emphasis, upon the toxicity
of insecticides entails certain touchy consequences, The
risks and hazards of insecticide use have been both grossiy
exaggerated and grossly underestimated and they will contin-
ue to be until sufficient data are properly available to give
unbiased persons a basis for valid judgment. One extreme
view finds an inherent harmfulness in the use of any chemical
agent in agriculture or forestry and holds that a healthy plant
(brought, of course, to maximum vigor by the use of organic
fertilizers only!) tolerates and overcomes any and all insect
attack—a view often coupled with the conviction that insecti-
cides are an unmitigated threat tc the balance of nature. An-
other extreme view results in an indiscriminate, overenthus-
iastic use of insecticides without regard for real problems of
toxic hazard in their many aspeets. Attainment of some
golden mean is the hope and the object of this book, Certain
dangers tc the balance of nature may always be a possible
congequence of large-scale human activities, Yet, it may be
reasonably expected that man, having an ingenuity sufficient
to upset the balance of anything so majestic as nature, will
find in himself an ingenuity egual to redressing the balance,
It is quite true, for instance, that large-scale, intense use of
certain chlorinated hydrocarben insecticides to contrel leaf-
eating insects may bring on great upsurges in the numbers
of sucking arihropods, such as aphids and mites, because of
a coincident decimation of their natural enemies. Such a sit-
uation calls for more knowledgeable use of combinations of
agents having a range of action sufficient for the simultaneous
control of the several harmful forms. A deeper understand-
ing of the subtleties of the natural balance is needed and &
greater foresight in testing and evaluating putative insecti-
cides under many circumstances.

Buch dangers do not diminish the value of insecti-
cides wisely and skillfully used, Even the achievement of
complete specificity in insecticides would not entirely re-
move all hazards, and cerfainly not the hazard to the balance
of nafure. Even those insect species supremely noxious to
man have their place in that balance. The imperative laid
upon man is that of judgment founded on wide knowledge in
weighing cne danger, one hazard, against others and master-
ing them ali. The balance of nature on the North American
continent was no doubt in quite suitable adjustment before the
arrival of the Japanese beetle. A specific, or a method, that
would once and for all remove this undesirable immigrant
from the North American scene would not, wisely applied,
harm nature by cne bit.

This book has its severe limitations—limitations
self-imposed in the original conception of the work, Some of
these are later described so as to indicate o what extent
the work proposes to have valid scope and wherein it does not
propose to have competence.

Thorny problems atiended the concepticn and the
growth of the work. Tt was imperative to preseni the
facts in such a way that the source of any particular one
might be quickly apparent to the reader, and to accomplish
this without loading the text with an excessive freight either
of direct bibliographical ecitation or of numbers referring to
a cumulative bibliography. The bibliographic problem was a
major one because of wide variations of data referring o the

same or similar situations. Large variations in results offered
by several workers do not imply that all are wrong or that one
alone is right. Method of test and experiment, nuances which
attend a given occasion, the nature of the test insects or ani-
mals themselves—a multitude of factors too numerous to pur-
sue--are at play as sources of variation. These the reader
must be able to trace and evaluate from the sources. In this
field as in others, the best and most useful methods have not
yet necessarily come to light or moved to the fore. At this
stage it appears that data attained by many methods properly
and honestly applied must be presented. Indeed, the variety
in the data itself points to the inherent eomplexity of problems
and to the need for deeper knowledge ard new approaches.

How to set forth information so various and from so
many sources was answered (wisely, it is hoped} by combining,
as the nature of the data demands, tabular, semi-tabular and
frankiy textual (but outline) methods. Running text was the re-
sort in fields and topics which resist tabulation or where tabu-
lation might mislead by producing a false impression of finality
and certitude, This last is a risk ever-present in tabulating
and presenting together data from many disparate sources
without adding details or indications abcut method or the condi-
tions of experiment or observation. As opposed to tabulations
with an elaborate and confusing apparatus of footnotes, a sim-
ple outline text was deemed more useful for much material.

By setting text statements in cutline with designation by num-
bers and letters, attribution of facts to a marginally indicated
source became possibie,

The task undertaken loomed appallingly great when it
was soon evideni that data contributed ed hoe by their origin~
ators would not be forthcoming with sufficient completeness
and balanced emphasis or, above all, within a practical period
of time. To bring off the project at all, the author had to gath-
er the data directly and all but wholly from published sources,
The gathering of materials, their organization, and the compo-
sition of the mamuseript took from September 1955 to March
1957, Contemporaneous data were added steadily during the
months of preparation. Pertinent additions were made to the
text as completed in March 1857 from publications appearing
through the whole cf 1957. Addition of such supplemental re-
cent data ended in February 1958. These facts are recorded
to allow the reader to judge the contemporaneity of the book’s
content.

A word of caution is needed. The Table of Contents
shows many names of substances quite widely familiar as des-
ignations for insecticides in the open market or frequently ap-
pearing among the active ingredients listed for insecticides
sold under various proprietary names. At almest any peint
a glance at the text will show various insecticidal substances
comparatively treated in the tables in terms of texicity.
Comparative rankings founded on degree of toxicity measured
in various ways under controlled experimental conditions have,
to be sure, their proper worth in evaluating insecticidal poten-
tial, They have, however, little to do with the relative merit
of this product or that as ingredients cf field, garden, or
household insecticides under conditions of diverse general use.
Such ranking must not in any way be taken to mean that this
book, the author, the sponsors, or the publishers individually
or cellectively recommend one substance over ancther or one
insecticide in preference to another in any situation, Not even
in those instances where it may appear that in field experiences
substance “A’’, for example, was ineffective or proved less
effective than substance ‘“B’’ in degree of mortality yielded or
extent of contrel given for a particular insect species does this
imply a general value judgment of the relative worth of sub-
stances ‘“A" and ““B’’ under wide and diverse conditions of use.
In the laboratory a compound may show great range of useful
activity against the relatively small number of test insects us-
ually employed as laboratory subjects. If it is as an insecticide
of wide ‘“‘spectrum’’ that the compound is intended it may weil
be far less promising against the multitude of species of un-
desirable insects to be coped with in nature. A compound which
in a specific kind of laboratory test proves to be the most toxic
of a group or series of compounds may under field conditions
{or even in another type of controlled test) he precisely the
least effective because of other physical or chemical properties.
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As an exampie, nicotine suliate under some conditions and
acting upon certain insect species is a superb and even ideal
contact insecticide., Unit for unit, nicotine sulfate may be,
judged in tests based on LD, or other criteria, greatly more
toxic than a substance designated as ‘“*X’’ when both are test-
ed by infraparenteral injection into individuals of a particular
insect species. Let us assume, however, that “X’’ is de-
signed for use as a residual insecticide of long-lasting ac-
tion—a role in which it has proved valuable, For all its
effectiveness as a contact insecticide nicotine sulfate as a
residual insecticide is all but useless because of its notable
evanescence., Under specific conditions the high contact tox-
icity combined with evanescence may be just the combination
of properties most to be desired. Under other conditions
the property of evanescence may entirely cancel the advan-
tage of high toxicity. Toxicity per se is but one of the attri-
butes called for in an effective insecticide and need not be,
categorically, the most determinant of effectiveness. Actu-
ally, under some conditions, extreme toxicity may prove a
stumbling block to practical use of a substance as either a
general or specific insecticide. All this is by way of saying
that the data brought together in this book are expected to
have value when judiciously and properly interpreted or
used in the context for which they were originally, and in the
present publication continue to be, intended.

It is not proposed as part of the scope of this book,
to give an orderly treatment, however abbreviated, of the
history of insecticides or of man’s essays to fend off the
depredations of insects. It may not be amiss, nevertheless,
to remark here that man from the start suffered in his bedy
and in his goods the damage and loss pressed on him by a
host of insect species. Man’s attainment to the rank of hus-
bandman and cultivator certainly posed for him in a more
acute form the endless contest between himself and these in-
sidious and extracrdinary adversaries. Just as surely he
must very early have noted the beneficence and usefulness of
many insects, notably the silkworm and the bee, and been
excited by the vivid beauty of others. A testimony to the lat-
ter is the jewelry of irridescent beetle wing cases worn by
the Papuans, Attempts to evade the despoliation of his crops,
gardens, and animals by insects, doubtless led man from
Neolithic times, if not earlier, to meef his competitors the
insects by many means, some perhaps crudely chemical. In
the folklore of peoples there is menticn, and in the folkways
there is use on 2 local scale, of plants and plant products
which have or are reputed to have insecticidal worth., One
need only recall that some peoples accounted primitive have
shown high skill and cieverness in the use of plant products
as fishing and hunting poisons. The use of rotenone-bearing
plants as fish poiscns or stupefiants is a case in point, The
fly-killing properties of some daisy-like flowers containing
pyrethrins, where these are native, have evidently been noted
from immemorial times, Homer has sung of the ‘‘divine and
purifying powers’’ of sulfur burned in ritual purification,

With what success man fought his insect foes there
is but little record untii quite recent times. But, whatever
man’s success may have been on & small scale in earlier, or
on a more far-reaching scale in later times, there is to this
day no triumph of conguest-by-extinction of a single noxious
species. However, there have recently been great triumphs
in chemical insect control on a regional scale, even to the
point of elimination of some species from wide regions, but
a permanent end to the struggle on any front is yet far to
seek.

Weapons of great subtlety are being devised, some
of them exceedingly ingenious. An interesting example is
the use of high-energy, short-wave rays, {such as those from
radioactive cobalt) to irradiate male warble flies to the point
of extinction or suppression of normal spermatogenesis and
the subsequent release of these treated males into the envi-
ronment. Such males suffer no obvious disability other than
the one mentioned nor are they at a disadvantage behavioral-
ly in the external aspects of sexual competition. However,
their insemination of, or copulation with, females—an act
taking place but once in the life-cycle of the latter—leads to
a life-long laying of sterile eggs. But the wheelhorses of

insect control will probably continue to be chemical agents,
increased in number, reduced in price, cunningly designed
and refined for ever enhanced and more specific action. Oc-
casions may well arise on which we may, after a period of
desuetude, resume the use of some of the older agents, Cal-
cium and lead arsenates—insecticides of ancient lineage—
were still sold ten years ago to the extent of fifty-five million
{55,000,000) and ninety million {90,000,000) pounds respectively.
Sulfur, for fungicidal and insecticidal purposes, was used in
the amount of two hundred million {200,000,000) pounds. In
the same year the modern insecticide DDT was used in the
amount of forty million (40,000,000} pounds.

The use of arsenic compounds as insecticides is
commended in writien accounts dating to the last guarter of
the 17th century and their practical and effective use certainly
antedaied that period. The fungicidal effects of copper com-
pounds on diseases of the vine in European vineyards was
recognized in late Renaissance times. The insecticidal and
fungicidal powers of copper and arsenic icund employment as
Paris green in the last quarter of the 19th century. From
such sources stemmed a considerable arsenal of mineral in-
secticides many of high usefulness to the present time. Rec-
ognition of the insecticidal value of scme plants, notably derris,
appears to have originated in China. The Romans appear to
have used Veratrum insecticidally and rodenticidally. No one
knows how or where the numerous species of plants showing
insecticidal virtues may first have been used. Kercsene emul-
sions to control several sucking insect pests came into use in
1877. A quite respectable group of synthetic organic insecti-
cides was in hand beginning early in the first third of the pres-
ent cenfury, among them several fumigant agents such as
methyl bromide, carbon disulfide and para-dichloro benzene.
Thiocyanates and thiocyanoacetates were added to the arma-
mentarium shortly after, as well as the highly potent and ef-
fective nitrophenol family of compounds. And, as noted before,
since the advent of DDT as an insecticide in Switzerland in
1939 the flood-gates have been cpened and synthetic organics
have come to dominate the scene.

In arriving at the insecticides presently in vogue
thousands of compeunds from the chemical steckroom have
been tested as well as hundreds of others synthesized ad hoc
or available as byproducts of other investigations. Seeking
subsiances to control and repel insects and other arthropods
of medical interest led to the systematic testing of some
eleven thousand {11,000) compounds by the Orlando, Florida
laboratories of the United States Department of Agriculture
alone, And sc the story and the search go on.

The extent of the need for chemical control of insects,
and indeed, for any other kinds of practical or availabkle con-
trol, may be measured by the fact that of some eighty thousand
(80,000) species of insects in North America, ten thousand
(10,000) are noxious species of more than casual conseguence.
Their depredations are vast, estimated for the United States
alone to cost some two billions (2,000,000,000) of dollars and
to entail a ioss of some ten per cent (10%) of the country’s
agricultural crop.

The Table of Contents of this book will be feund to
list one hundred and eighty-eight (188) sections. Of these one
hundred and sixty-four (164} concern individual, specific in-
secticidal substances or ancillary agents. Twenty four sec-
tions—some quite lengthy, others short—deal with general
topics or treat collectively certain properties and aspects of
well-defined families of related compounds which show broad
similarities of chemical structure and mode of physiological
and pharmacodynamical action. The reader will certainly ask
how and why the comparative handful of 164 insecticides dezlt
with in this book was selected from the many compounds hav-
ing some insecticidal virtues and from the great number of
compounds systematically tested. The criterior has been that
a substance, on the basis of tests, must be an effective insec-
ticidal agent either in general use or in economically signifi-
cant specific use, or must have so qualified in the immediate
past ar give evidence of being about to attain such usefulness.

Some general description of the form chosen for the
presentation of the subject matter will provide guidance in the
use of the book and an idea of its scope and its limitations and
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thus of its competence and validity. First, it will be seen that
each compound or insecticide has been dealt with individually,
as an entity, with all pertinent material relating to the com-
pound gathered under the heading—which is the compound’s
name. Since many compounds are similar in many aspects
of their chemistry and action, this has led to rather frequent
repetitions and even to multiple appearance under several
compounds of the same comparative tabulation, but only
slightly rearranged in each case to bring to the top the name
of the compound specifically the subject of that seetion, This
has come about, and is believed justified, because it was
considered that a handbook should present succinetly in one
comprehensive section or chapter everything pertinent to one
compound er insecticide—without the annoying necessity of
multiple cross references and endless leafing of pages in
widely different parts of the book. A certain amount of repe-
tition: was considered a small price to pay for having the data
coherently grouped in each separate section. Where common
properties and modes of action, ete., are so similar as to
have led to volumincus repetition of much the same set of
facts, a general section was added for that particular natural
group of compounds. Cases in point are the extensive general
treatments of Organic Phosphates, Dinitrophencls, Fumiganis,
etc., in addition to the specific treatments of the individual
members of each of these groups.

For simplicity’s sake, individeal sections of the book
(those dealing with particular specific compounds), as well as
the general sections, are presented in alphabetical order.
Compounds are listed by their most common names, this be-~
ing true even if such designations are trade names or names
made up ad koc, when these have reached currency of use. In
the absence of such current common names, strict chemical
designations are used. Also, each section at the very begin-
ning gives the more usual synonyms by which a substance may
be designated.

In the index of chemical names, where all compounds
mentioned in section headings or text are given, all availabie
designations for any compound are set down alphabetically,
with appropriate cress-references, Thus, any one consulting
the index for synonyms for Acrylonitrile, the first section
heading of the book, will find: cyanoethylene, propenene nitrile,
or vinyl cyanide. Aldrin will be found under that heading but
in the index also as 1, 2, 3, 4, 10, 10-hexachloro-1, 4, 4a, 5, 8,
8a-hexahydro-1, 4-endo-, exo-5, 8-dimethanonaphthalene,
HHDN, Compound 118 or ‘‘Octalene’’, Allethrin may be found
as such simply by locking for it alphabetically under the sec-
tion headings but also in the index of compounds as dl-2-allyl-
3-methyl-cyclopent-2-en-4-ol-1-onyl dl-cis-trans-chrysanthe-
mate, dl-allylrethronyl dl-cis-trans-chrysanthemate or dl=2-
allyl-4-hydroxy-3-methyl-2-cyclopenten-1-cne ester of ¢cis-
trans-dl-chrysanthemum monocarboxylic acid. And so forth.

An alphabetical ordering of subjects also has certain
inherent disadvantages. Chief among them is that families of
related compounds whose members might otherwise be grouped
under generic designations are sundered and scattered. This
disability precludes also the association of all fumigant insec-
ticides together, all systemic insecticides, all substances of
plant origin, ete,

There exist several general types or groups of insec-
ticides based on some prime mode of action or route of en-
trance into the insect body. Thus, a contact insecticide acts or
kills when i comes in actual touch with the surface or integu-
ment of the insect, Now, if such an insecticide kills by making
contact with the cuter surface it may just as well have an equal
action when brought in contact with an internal surface, such
25 that of the intestinal or alimentary tract, upon being swal-
lowed or that of the respiratery organs on entering these, A
stomach insecticide exerts its principal action when it enters
the alimentary canal of the insec¢t with that insect’s normal
food or in some bait attractive to it. Again a stomach insecti-
cide may have good toxic powers by the surface contact avenue,
as is true, for example, of sodium fluoride, some arsenicals,
fluosilicates, etc. A fumigant insecticide acts in the form of a
vapor or gas and enters the insect body primartly via the res-
piratory organs. It is not at all unlikely, however, that a fumi-
gant may also, in some cases ai least, pass as a gas or vapor
directly through the general integument just as solid or liquid

contact toxicants do. Indeed, a particular insecticide may act
by any or all the routes of entry and kiil in all three modes.

The several general types of insecticides may be
classed further into sub-types on the grounds of nuances of tox-
ic action. DDT, for example, kills by contact and by stomach
penetration. Additionally, DDT has long persistence on a
treated surface and is a contact insecticide potent encugh so
that an insect standing on, or otherwise touching, a surface
holding a deposit of DDT may pick up by way of its integument
encugh of the poison to kill it. Such residual action is clearly
a nuance of contact action, although the deposit, persisting for
days or weeks, might just as well be taken by mouth in the case,
let us say, of a leaf-eating insect as to be taken through the in-
tegument of an insect resting on a DDT-coated leaf, By con-
tact, nicotine sulfate exerts a most potent toxic action on soft-
bodied insects but it is toxic, and intensely so, for all insects
when ingested, Also, nicotine sulfate being volatile, it may
have a short range fumigant action by vaporization from treat-
ed surfaces or be used intentionally as a fumigant by vapor-
izing it in a closed space such as a greenhouse,

A new and fascinating class of insecticides—the so-
called systemic insecticides—acts by various ways, They may
kill by direct contact, by residual action, and by direct fumi-
gant action. But, more subtly still, they also enter the tissues
and the sapstream of plants there to serve as stomach poisons
to insects feeding on the plant’s tissues or juices. By metab-
olic transformation in z treated plant, such systemic insecti-
cides may yield compounds decidedly more toxic than the sub-
stance applied originally. Of course, the converse may alsc
be true in the case of other ¢*systemics’’. Furthermore, some
“gystemics’’, or their metabolites, may pass from the plant
as vapors in the transpiration stream and poison, as volatile
fumigants, susceptible insects present within the range of their
action. Some few compounds, transmitted via the blood and
tissues of treated test animals, have been shown to exercise
systemic action upon insects or arachnids normally feeding
upon such animals as biting or sucking parasites.

Although an insecticide may be poisonous to insects by
various routes of entry, the toxicity is not necessarily of the
same degree by the several routes; to be lethal, penetration by
one route may require a higher dosage than by ancther, Thus,
in toxicity tests it is necessary to state precisely by what ave-
nue of entry a toxicant has been applied to a test organism. In
every instance where it has been possible to make this most
significant specification it has been given ir this book.

An insecticide may show wide variation in toxicity and
in the speed of its action depending on the manner of formulation.
Thus, if a toxicant is applied in solution the solvent may exercise
a powerful influence, or if it is applied as a solid mixed with or
diluted by another solid, as in a dust formulation, the diluent
may strongly modify the action. Further, an insecticide’s toxi-
city may be enhanced or potentiated in many ways by auxiliary
or adjuvant agents.

Rarely are insecticide compounds used in the pure or
undiluted form, a usage which would in most cases be both waste-
ful and overly costly. The physical state of an insecticide—for
example, a viscous liquid—may preclude its use in the undiluted
state, even if there are no other impediments. Thus, insecticide
chemicals are ordinarily formulated in a variety of ways. They
may be dissolved and/or diluted in liguid solvents, mixed with
solids as dust diluents, or treated in a manner to render insolu-
ble and hydrophobic types wettable so that they may be prepared
as solid suspensions or liquid emulsions suitable for spraying.
Diverse materials may have been added in formulation to act
as adjuvants, synergists, stabilizers, potentiators, ‘““safeners’
emulsifiers, surface-active or detergent agents, etc. Not only
may such treatments make the insecticide more easily or ef-
fectively applicable by any one of many methods but they may
influence or alter profoundly the toxieity of the insecticide
component for insects or related arthropeds as well as for an-
imal organisms or plants. To be fairly and usefully presented,
data on toxicity should include the nature of the formulation or
the physical state of the insecticide in precise form. Especial-
Iy is this meaningful in any exact consideration of phytotoxic
properties since in many cases the insecticide proper may be
quite harmless to a plant, whereas a solvent in which it is dis-
solved or diluted may be decidedly harmful.
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Except for fumigants, which are usually gases or
easily vaporizable liquids or solids, insecticides are most us-
ually formulated or prepared for application in the following
forms:

Solutions, Emulsions, Aerosols, Dusts, Wettable powders.

An insecticide solution is simply the insecticidal
chemical dissolved in a liquid in which it is soluble, The sol-
vent and the concentration of active ingredient(s) may be such
that the solution can be used directly. Usually, however, in-
secticides sold in solution are concentrated and must be fur-
ther diluted. The simplest case, of course, is that of an in-
secticide dissolved in water, but the majority are not soluble
in water to any great degree. Such agents may be dissolved in
other solvents, such as 0ils or organic solvents. In turn, such
solutions may be suitable for direct use or may be further di-
luted. (Certain solution formulations are known as ernulsifi-
able, emulsible or emulsion concentrates, a designation which
is defined immediately below.) Since insecticides must ofien
be applied to surfaces (including the insect surface) which are
not readily wettable by water or aquecus solutions, surface
active agents, detergents or spreaders such as soaps, sulfon-
ated compounds, sulfated alcohols, dried blood plasma, ete.,
may be added to enhance spreading, wetting or adhesion.

An insecticide emulsion indicates a liquid insecticide
which is insoluble in water but which may be hrought by ap-
propriate treatment info a state in which it is suspended in
water in {ine droplets. An insecticide, solid or liquid, also
may be dissolved in a suitable solvent (such as one of the
many organic solvents) which is itself insoluble in water but
which can be emulsified in water as more or less stable sus-
pensions of fine droplets. Such concenirated solutions of in-
secticides in an organic solvent are the emulsible, emulsifi-
able or emulsion concentrates mentioned parentheticaily
above, Such an insecticide in concentrated solution in the or-
ganic solvent is suspended in water in the droplets of the dis-
persed phase of the emulsion, Emulsification may be promot-
ed and the emulsion stabilized by use of diverse materials,
soaps among them. If the insecticide is directly emulsified in
water, the application of this emulsion, after evaporation of
the water, leaves a deposit of the insecticide upon the treated
surface. In the case of the emulsifiable concentrates, if the
organie solvent is non-velatile after the evaporation of the
agueous phase of the emulsion a deposit of insecticide is left
in solution in the non-volatile solvent of the concentrate, If
the seolvent present in the emuisifiable concentrate is, however
volatile, evaporation of both the aqueous phase and the organic
solvent wilk leave a direct deposit of the insecticide upon the
surface.

An aerosol represents fine particles suspended in
air as fog or mist. The term, however, is commonly used to
designate an insecticidal chemical dissolved in a liquefied
gas which is kept liguid under pressure in an appropriate con-
tainer which may be the “‘tin can’’ of the common ““aercsol
bomb’’ or a similar but slightly more substantial re-usable
container, A common subsiance used to dissolve insecticides
for aerosol use is the refrigerant gas dichlorodifluorometh-
ane with a vapor pressure of about 75 lbs. per inch square at
20° C. However, aerosols, in the strict sense of a cloud or
mist of fine particles, liquid or solid, suspended in air may be
created by burning (the so-called insecticidal “*smokes’’ or
‘“‘pyrotechric mixtures’’), mechanical atomization, heat vapar-
ization, ete.

An ingecticidal dust may represent neither more nor
less than a solid (i.e., non-liquid} insecticide applied to sur-
faces or distributed in the form of very find particles, Most
frequently, though, what is meant is a melange of an insecti-
cide or insecticides in a finely ground solid diluent which may
be any one of the various clays, earths, diatomaceous earths,
tales, chalks, finely ground organic flours such as powdered
nut shells, etc. Silica gel and alumina are examples of light
or *“‘low lulk density’’ dust diluents, while talcs, clays, and
pyrophyllife exemplify heavy or ‘‘high bulk density’’ diluents.
To prepare an insecticidal dust, an insecticidal substance may
be directly mixed mechanically with the dust diluent or may be
prepared in the form of a solution (as in an organic solvent)
which is then introduced as the dust is ground or tumbled,

Evaporation of the solveni then leaves the insecticide in fine
particles distributed in the dust.

An insecticidal wettable powder represents a finely
ground or fine particulate solid or mixture of solids, among
which, of course, must be the insecticide itself, prepared or
treated in such a way that it may be readily ‘‘wetted’” or rather
dispersed as a fine suspension in water and thus applicable by
spraying or dipping. Some dusts are directly weitable by the
nature of the dust diluent, among them various kaolins, but
others must be made wettable, and thus suspendable or disper-
sible in water, by adding detergent or wetting agents,

These five general classes, then, represent the more
common formulations in which insecticides appear. They sug-
gest, as may be readily surmised, various methods and instru-
mentalities for their application under particular circumstances.
Such instrumentalities may range from the humble hand sprayer
or primitive sprinkling device to elaborate fog and mist or spray-
generating machines or aircraft especially adapied for insecti-
cide dispersion, Fumigants, too, may be formulated in simple
ways, For example, a certain proportion of carbon dioxide may
potentiate such a fumigant insecticide as methyl bromide and
cylinders under pressure may contain appropriate mixtures of
these two substances.

A few other general terms appear often throughout the
book; if not otherwise defined, most of these are defined opera-
tionally in the text. However, few of these general terms,
amoeng them synergist, repellent, acaricide {= miticide), pedi-
culicide, attractant, ovicide, have a special status in that cer-
tain compounds appearing as section titles belong to classes of
subsiances for which these terms are designations. They are
defined briefly here.

A synergist is, in our sense, a chemical compound
which, while itself only slightly insecticidal or even non-
insecticidal, when used in association with some insecticides
(chiefly the pyrethrins) greatly enhances the toxic power of the
mixture {insecticide + synergist) beyond the sum of the individ-
ual toxicities of the substances in the mixture. The phenomenon
of toxicity enhancement by the synergist is referred to as syn-
ergism, activation, or potentiation. -

A repellent is, in cur sense, a chemical compound
which although itself not insecticidal, or but mildly insecticidal,
makes offensive or unattractive to insects a habitat, a food
plant or an animal host or other food object crdinarily sought
or frequented. Repellents are customarily narrow in their ac-
tion, being active in the case of only one kind or at best a few
kinds of insects or related arthropods. Oil of citronella is an
insect repeilent of respectable antiquity.

An attractant may be said to be the exact opposite of a
repellent in its action. An attractant, in our sense, draws or
attracts an insect to a situation harmful or lethal to itself. The
situation may be a poisoned bait, a trap, a surface treated with
a powerfui insecticide, etc. The attractant is presumed to act
at a distance primarily by olfactory stimulation. However,
purely physical attractants, for example light, sound vibrations
in a certain frequency range, etc., are alsc known.

An acaricide is a ehemical substance which shows a
potent or even a specific toxic action against those insect-
related arthropods which belong to the class Acarina. Among
the Acarina, or acarines, are the arthropods commonly called
ticks and mites. The mites encompass many genersa and
species of acarines which are phytophagous or plant-consuming
(by sucking of the juices, chiefly) but also many genera and
species which feed upon or parasitize the bodies of many ani-
mals both vertebrate and invertebrate—a type of acarine which
may, thus, be termed zodphagous. Acaricide is a term to be
preferred to miticide, commonly used 2s a Synonym or equiva-
lent, because acaricide implies activity against acarines—a
natural group of arthropods—while miticide would imply activity
limited to mites, Perfectly good inse ticides may also be ex-
cellent acaricides and vice versa. Nevertheless, there appar-
ently are between insects and acarines physiological differences
sufficiently striking and deep-rooted that certain chemical com-
pounds are particularly effective toxicants for the latter and not
for the former,

A pediculicide, in a strict sense, is a chemieal com-
pound effectively toxic—and even specifically toxic—for lice,
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and those lice members of the genus Pediculus, to which be~
long the lice of mankind with the exception of Phthirus pubis,
the crab or pubic louse, By extension, pediculicide means
louse-killer and, if we must coin words with a range sc lim-
ited, let us be spared such an etymological crime as ‘‘lousi-
cide’’—a term which some have had the brass fo introduce.

QOvicide refers to substances which kill eggs. In the
context of this book, however, an ovicide means a compound
particularly toxic to the eggs of insects or acarines.

Since the index of such a book as this is of prime im-
portance and by its nature a key to each part of the bock as a
whele, a few words will be given to the index in this consider-
ation of form as it applies to substance, Also, the index is
considered here because the author discerns an error of
judgment which would have proved too great te repair without
additional delay of several months and a marked increment in
the cost of production.

The index of the book is in two parts. One part is
given over to an alphabetical listing of all chemical compound
names appearing anywhere in the section headings or in the
text, The second part lists the common and scientific names
of 21l the species mentioned in the text, with the exception of
the common laboratory and domestic animals which appear
repeatedly under the heading, “‘Toxicity for Higher Animals’
in each compound section. Reference is made in both parts of
the index not to text page number bui to the section number,
it being recalled that there are one hundred and eighty-eight
sections. Many individual sections are indeed quite short,
made up of & few pages—from one to three at most, In these
instances reference to section rather than to page may be
justified since the text is in such a form that the finding of a
particular item within the section is easy encugh, However,
some sections are quite long. In these, discovery of a partic-
ular item from the index will be harder. The system, clearly,
does not take it into account that a single item may be men-
tioned in more than one place in any given section. The sys-
tem was adopted because it was expected that the sections
would be reascnably short—which most are. Some excuse for
the system lies in the fact that since each section is in itself
a complete treatment of the toxicity (and related) data for each
compound dealt with it was thought that the interested reader
would deal as a whole with the matter offered in each section.
Also, the generic and specific names of plants and animals,
wherever they appear in text or table, are underlined to make
them stand out, The system of indexing as a whole grew from
the fact that the index was made up during the critical proci-
reading of the manuscript text in the interest of speeding pub~
lication of the book,

The internal structure of the index in each of its
parts is simple. Nevertheless, chemical terms always pre-
sent special and peculiar problems. In this instance such
parts of chemical names as bis-, bi-, di-, cis-, trans have val-
idity in alphabetical ranking of terms. However, symbols for
meta-, ortho-, para-, namely m-, o-, p-, whether appearing
at the beginning of or internally in a term are not valid in ak-
phabetical listing but are respected in the internal ranking of
stereo-isomers if more than one are mentioned. Thus m-
cresol, o-cresol, p-cresol would all be listed under <“C’’ at
their appropriate place but with respect to each other would
be in the alphabetical order of m-, 0-,and p-. The symbaols d-,
i-, and dl- for dextro-. lagvo-, and dextro-laevo- also have no
significance in primary alphabetization of a term.

Symbols of chemical elements appearing as compon-
ents of complex compound names, for example, symbols for
nitrogen, oxygen, phosphorus, selenium, sulfur (N, O, P, Se, 8)
are ignored in primary alphabetic listing of a term whether
present at the beginning of a term, internally within the term,
or both. The symbol for normal, n-, the designations primary,
secondary, tertiary, symmetrical, asymmetrical, or their ab-
breviations pri-, sec-, tert-, sym-, asym- {as, for example,
in n-butyl alcohol, tertiary butyl alcohol or tert.-butyl alechol)
are ignored in alphabetic placement of a term. The various
butyl alcohols appear in proper sequence under “B’* and if
several appear there together, with respect to each other, they
are ranked in the sequence: n-butyl alcohol, sec.-butyl alcohol,
tert,-butyl alcohol. Arabic numerals occurring at the begin-
ning, internally, or at the end of chemical terms have no

validity in alphabetic listing, but are respected in the arrange-
ment, with regard to each other, of compounds whose designa-
tions differ only in the arabic numerals, To cite some exam-
ples of these usages: such compounds as 2,2-bis-{p-chlore-
phenyl)-1,1-dichloroethane and bis-{dimethylamino)—fluorophos-
phine oxide Wwould appear under the alphabetic heading “B’* and
be ranked appropriately under it by the letter (s) following the
prefix, big-, which each of them bears, the 2,2~ and p- and
-1,1- of the first being ignored. However, 1,1-bis-{p-chloro-
phenyl), ete., would precede 2, 2-bis-{p-chicorophenyl), ete., if
both were listed. Alsa, di-(p~chlorophenyl) methyl carbinol
would be found under **D”’ in its proper place and would pre-
cede—the p- being ignored-dicyclohexyl-ammonium, 4, 6-
dinitro-o-cyclohexylphenate and dieldrin, d-Nicotine, dl-
nicotine, l-nicotine would be alphabetized under ““N’’ as nico-
tine but listed in the order given with respect to the polarimet-
ric prefixes. Q, O-Diethyl-0-2-(ethylmercapto)-ethyl thiono-
phosphate appears under the alphabetic heading “D"’ in its
appropriate place as do O0,0-diethyl-8-2-isopropylmercapto-
methyl dithiophosphate and Q,0-diethyl-O-(2-iscpropyl-6-
methyl-4-pyrimidyl) phosphorothioate, listed in that order—
0,0-, -0-2-, -8-2-, -0- being ignored. Of course, 8, S-
diethyl-O-2-{ethyl mercapto}-ethyl thionophosphate, if such a
compound existed and were mentioned here, would appear un-
der ‘I’ but would follow in the listing its congener, 0,0-di-
ethyl-0-2-(ethylmercapto)-ethyl thionophosphate. 2, 4, 5, 4’
Tetrachlorodiphenylsulione appears in its appropriate alpha-
betic place under ““T’'—the 2, 4, 5, 4'- being ignored—and it
properly precedes tetrachloroethane, Letters of the Greek
alphabet likewise are ignered in primary alphabetization. Thus
B-methylallyl chloride appears under ‘‘M’", succeeding methoxy-
chler and preceding methyl bromide.

The method of bibliographie citation and reference
alsc has validity for the work as a whole. There is a cumula-
tive, alphabetic list of more than 3400 references at the
back of the book wherein the listing is by author(s) followed by
title of book or treatise or name of periodical, volume, page
number and year. The bibliographic reference numbers in the
text range from 1 to 3400-odd and a reference number may ap-
pear over and over again wherever appropriate. The reference
numbers as they apply te any fact, statement, numerical value,
formula, chemical equation, table, ete., are set off marginally
directly to the right of the matter for which they are the source.
Since the text is arranged in an outline form, juxtaposition of
text material and reference number(s) is direct. If a reference
number {or numbers} appears alongside a fact or statement
from which depend subsidiary details, statements, interpret: -
tions, etc., the reference(s) given for the leading statement .n-
main(s) in force for unreferenced subsidiary material until a
new reference number appears marginally in sequence at the
right. In tabulations which bring together facts or values from
many sources, each line of data carries its appropriate refer-
ence number(s). In the case of statements, interpretations,
etc., which combine material from several sources, all the ref-
erence numbers of the appropriate sources are set down in the
margin. Introductory statements such as head most sections
under the subtitle ““General’’, may give, to the right of the word
“General,”” a number of references which comprise the author-
ity for the remarks gathered there as a precis of descriptive,
historical, and other generalities relating to the subject of the
section. Some of the physical and chemical data, coming from
various standard handbooks which are themselves compendia
from many sources, remain “‘unreferenced.” It seems hardly
necessary to cite an authority for an atomic or molecular weight,
a specific gravity, a melting point, or the shape of a crystalline
structure unless there exists discrepancy or coatroversy with
respect to such parameters. Thus, to sum up, any statement or
value may be traced to its source even though, in many instances,
this may rest in several references. Primary or original rei-
erences have been sought as much as possible but not with ex-
haustive pedantry. Other treatises, compendia, and ‘“‘review
articles’’ or “‘annual review’' type books have not been eschewed
as sources.

Numerous symbols, abbreviations, and shoricuts de-
vised ad hoc have been used. Save where the meaning is clearly
ohvious from context they are explained or defined in a bried
gection titled ‘‘Symbols; Abbreviations; Definitions.”” Such
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mixtures of words and chemical symbols as nicotine 2HCI for
nicotine dihydrechloride, nicotine 80, for nicotine sulfate,
ethylene Cl, for ethylene dichloride or 4,8-dinitro-o-cyclo-
hexylphenol Na salt for 4,6-dinitro-o-cyelchexylphencl so -
dium salt or sodium 4,6-dinitro-o-cyclohexylphenate—while
admittedly bad etymologically and aesthetically—have been
used to save space in tabulations and text, Although the au-
thor deplores the disease of alphabetic designation exempli-
fied by DNA, ATP, ChE, ACTH, etc., he has bowed to the
necessity of space consideration.

The author greatly regrets that the multiple reference
numbers are not arranged in correct numerical sequence and
that there are also some lapses from alphabetical listing of
the names of insects in tabulations; most of these lapses re-
sulted from late additions of data to the text which, for various
reasons, could not be resolved by rearrangement before
printing.

A perusal of a representative number of the sections
of the book,—in particular the sections given over to exhaus-
tive treatment of individual insecticidal compounds—will show
that, throughout, a generally consistent form has been used for
the presentation of data. Many aspects of the form are self-
explanatory or self-evident. Others may require interpreta-
tion, in general terms, from various stand-peints. The form
of each section will not exactly follow that of all others be-
cause data for one compound which would appropriately appear
under a certain heading {for example ““Phytotoxicity’”) may be
entirely lacking or the heading may be inapplicable. In such a
case the general topic ‘‘Phytotoxicity’’ would not figure in the
treatment of the particular toxicant. On the other hand, for
another toxicant the topic ““‘Phytotoxicity’’ may be very apro-
pos, and data upon that subject abundant, In still other in-
stances where data on phytotoxicity would appear distinctly
apropos but are, nevertheless, lacking in any precise form,
the heading ‘ Phytotoxicity’’ may appear with the statement
that no data are availtable to the author or with the indication
that general appiication to living plants for insect control in-
dicates that at insecticidal levels the compound in question is
inmocuous, at least, for some plants.

After the statement of the title name of an insecticide,
the listing of its synonyms, the presentation of the structural
formula and molecular weight, a section customarily headed
“General”’ gives generalities concerning the substance, its his-
tory, special abilities or disabilities it has shown in use, sum-
mary avaluations of the hazard involved, special warnings and
precautions, etc. At this point a compound is characterized in
brief without the presentation of precise or quantitative data.

Directly following the “‘General’”’ material, physical
and chemical data concerning a compound are given. These
may include general description of the color, physical state,
odor, taste, crystal type (if any) of the compound and may indi-
cate any notable differences of properties existing between the
substance in a state of high purity and as a technical or com-
mercial chemical. Impertant physical data on melting point,
hoiling point, specific gravity, vapor pressure, poiarimetric
properties, refractive index, etc., are given, if available.
Many of these data offer valuable hints on stability, persistence,
and other properties, Marked attention is given to sclubility;
in many cases extensive tables of solubility of a compound in
a wide range of solvents are supplied. This is of value as a
guide to solvents suitable for concentrates, to alternate sol-
vents which may be substituted for some which are unsuitable
for reasons of toxicity, inflammability; and so on. If available,
data relative to the stability of a compound in various forms
and in solution are offered, with indications of halflife as a
guide to possible residue hazards and time limitations of use
before harvest of crop plants, Various chemical information
may be listed, including such aspects as methods of synthesis,
reactions undergone with various sclvents and formulaticn
additives and hydrolysis constants at various degrees of acid-
ity or alkalinity as measured by pH. In the case of varicus
fumigant liquids or solids data are given, if available, on the
amount of the substance which may be expected to exist ag a
vapor in air in a stated volume under various conditions of
temperature, Information on the most usual types of formula-
tion in which the compound is used are presented, Data compar-
ing a given compound physically and chemically with closely

related compounds are emphasized when available and apropos.

The general heading ‘* Toxicolegical’” covers data
which are most pertinently concerned with the toxicity, quan-
titative and qualitative, mode of toxic action, blochemical,
physiological, pharmacologicai and pharmacodynamic proper-
ties of the compound, hazard, chronic toxicity as revealed by
long-term feeding and/or exposure tests, and numerous other
aspects which may be apropos generally or to a specific sub-
stance particularly. However, for simplicity, the data on toxi-
city included under the heading ‘‘Toxicological’’ are divided
into three general parts: ‘‘Toxicity for Higher Animals™ in ail
its quantitative, qualitative, acute, chronic and comparative
agpects; ‘‘Phytotoxicity’’, similarly considering properties
toxic for plants; and ‘‘Toxicity for Insects’ under which are
grouped, as for higher animals, quantitative, qualitative, com-
parative, and other data. Comparisons are made at every point
where these are possible and useful. Under the general topic
heading “Toxicological,”” special stress is given to facts and
indications on hazard or toxicity for wild and game animals,
terrestrial and aquatic, and for useful and beneficial insects.

The subject of the appearance of resistance te insecti-
cides by several insect species after exposure to toxicants ex-
perimentally or in the field is dealt with as a special facet of
the general physiological action of these agents. Resistance
developing toward a particular toxicant is treated in the section
for that compound. One general section is devoted to the funda-
mental subject of ‘‘acquired’ resistance. Quantitative evidences
of developed resistance are provided in numerous tables that
deal comparatively with various strains or biotypes within an
insect species in terms of such measures of relative toxicity as
the LD, LDy, etc., and measures of relative resistance.

Quantitative toxicological data are set forth in two
complementary arrangements. This applies to each of the three
general groupings of the toxicity data, namely as they relate to
higher animals, plants and insects. The first of these arrange-
ments presents grouped quantitative data of diverse origin; the
second avoids such combination of data and presents data de-
rived from one worker or group.

Under the first type of arrangement, many species are
listed together sequentially in a tabular form which: provides,
in general, for specification of the ““route’’ or avenue of appli-
cation of the toxicant, for example oral, subk-cutaneous, intra-
peritonezal, topical, inhalation or fumigation, as contact spray,
contact dust, contact with a residual deposit, etc.; provides for
the ““dose’’ (as a characterization of type of dose) for example,
LD,, (median lethal dose), L.C,, (median lethal concentration),
LD,,, (dese yielding 100 per cent mortality), MLD {minimum
lethal dose); provides for statement of *‘dosage’’, i.e., the quan-
tity of toxicant given in stated units (micrograms, milligrams,
grams, etc.) per unit of body weight (kilogram, gram, milligram
or per individual organism) preferably with individual weight or
average weight stated; provides a special place or column for
“‘remarks’’ whereby special eonditions or circumstances rela-
tive 1o each line of data may be given in brief, The column given
to “‘remarks” may list, among any number of factors, such in-
dications as exposure time, temperature during treatment,
holding temperature after treatment, time of death after admin-
istration of a given dosage, vehicle or solvent, special sympto-
matological signs, age and condition of tested organisms, or any
other useful information.

These tabulations not only group together data gathered
about diverse organisms but alsc data derived from many
sources by many methods, as the remarks and line-by-line ref-
erences testify. Thus, specification of method, route, formu-
lation, experimental circumstances, ete., is all-important in
accounting for and interpreting the large variation which may
be shown by data referring to one and the same species,
whether this be a higher animal, an insect, or a plant. It will be
apparent, the author believes, that pains have been taken, within
the limits imposed by tabular method, to set forth conciseiy—
even to the sacrifice of formal grammar and the invention of
many abbreviations—pertinent circumstantial details.

The second arrangement or guise under which gquanti-
tative toxicological data are offered avoids the grouping of data
from diverse sources. It reproduces directly—or in a form mod-
ified as stated in the legend—facts which derive from one worker
or from collaborating workers and which ordinarily relate to but
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one or a few species. Such tabulations make it feasible to give
more precise and full statements of experimental conditions,
methods, number of replicates, statistical tests of validity, etc,,
than is permitted by tabulations of grouped quantitative data.

Much less opportunity for successful tabulation is
given by the results of long-term feeding or exposure tests
intended to measure chronic effects, accumulation in tissues,
residue problems, hazard for species other than those for
which the toxicant is made and, generally, effects other than
those gained from tests of acute toxicity, The same is true
for descriptions of various pathological manifestations, symp-
toms of intoxication, danger signs of toxicant accumulation in
the body, histolegical and histopathological information, des-
criptions of precautionary measures, and a host of other use-
ful and instructive indications. In the presentation of these,
form has heen fitted to content in many ways—chiefly semi-
tabular and outline, with a heirarchy of topic headings, tities,
sub-titles, etc., as may be readily appreciated by 2 glance at
any of the lenger sections and more than twenty sections de-
voted io ‘‘general treatments.’’

Wherever pertinent data are available, prominence is
given to the mode whereby a toxicant generally enters the
bodies of diverse living organisms and to the fate of the toxi-
cant aiter entrance, By and large the most prominent meth-
ods for the application of insecticides, especially in agrieul-
tural use, are those which disperse the toxicant as a liquid
spray or dust over a standing crop or the naturai vegetation
harboring the pest insects. Emphasis, if one may generalize,
is on contact toxicity. This brings into prominence the nature
and properties of the insect integument., These methods em-
phkasize also the hazard present for creatures other than in-
sects which may simultaneously be exposed to the insecticide.
The manner whereby the insect integument mediates or im-
pedes the entry of a toxicant into the hody, the influence upon
passage or fatlure of passage of the physical state of the poi-
son, the nature of its formulation, the effect of sclvents, of
the abrasive properties of dust diluents, the thickness or de-
gree of sclerotization of the integument and the nature of its
constituents, its lipid or lipid-like or proteinaceous coats—

a host of factors, structural, physical, chemical—have been
the subjects of a multitude of investigations, speculations and
theories.

This book does not attempt any detailed consideration
of the insect integument, Stiil the proper interpretation of the
data on contact foxicity, residual sprays and dusts, dipping
experiments and dip insecticides, etc., must irresistibly draw
attention to the subject of the insect integument. From the
viewpoint of their bearing upon the methods and evaluations
used in insecticide testing, the properties of the insect integu-
ment have been reviewed admirably by W, M. Hoskins in a re-
cent collaborative volume edited by Harold H. Shepard and
published by the Burgess Publishing Company {1958) entitled
Methods of Testing Chemicals on Insects, Volume I,

Insecticides are pre-eminently for practical use and
chiefly for use by the non-specialist. In planning this book it
appeared important not only to deal with laboratory tests, but
also with the precious body of data gathered from the practic-
al field use of insecticidal chemiecals, or from large scale
field éxperiences mounted as controlled experiments but sub-
ject, naturaliy, to many more variables than surround the
lahoratory test. Many of the sections—particularly those hav-
ing to do with recently developed insecticides already in use
on a vast scale or with older toxicants long in use-—close with
a general tabulation briefly recording results or evaluations
from field experiences. Such experiences give important in-
dicaticns of the relative merits of various insect toxicants
but all judgements must be qualified strictly by the consider-
ation that these experiences are specific and to be interpret-
ed in the light of the variables and circumstances which are
integral elemenis of each. A substance in controlled labora-
tory tests may show itself to be supremely effective as an
insect toxicant for one or many species yet, if field exper-
lences under a wide variety of naturally occurring conditions
shows it to be less effective in practical insect control than a
substance of lesser absolute toxicity, it must be accounted of
less practical interest than other toxicants, Since a brief tabu-

Iation or precis cannot take account of the all-important vari-
ables and field circumstances, conclusions of the relative
merits of insecticidal products should not be grounded on these
indications. Such judgment should be based on the full reports.

Nevertheless, the results collected in laboratory and
field have an inescapable relation. In the laboratory the meth-
ods of insecticide testing have been, and are being, progress-
ively refined in terms of methods of controlled, effective,
properly measurable application of the toxicants, among other
improvements. The maximally effective use of an insecticide
in the field often involves the adaptation of methods and in-
struments which have proved effective in laboratory toxieity
tests, Precision spraying or dusting, for example, are as
much to be desired in the field as they are essential in the
laboratory in critical, quantitative evaluations. At the same
time it should be remembered that an insecticide applied to
orchards or grain-fields covering square miles by elaborate
airborne devices may be used also by a horticulturist or flori-
culturist in a simple hand-pumped sprayer or duster.

The test of field effectiveness of an insecticide, prop-
erly applied, is full practical control {of which the optimum is,
of course, elimination of the pest insects) with a minimum of
danger to the user and to piants and animals. Measurements of
toxicity {and thus partially or indirectly of effectiveness) made
in the laboratory may use different terms or be based on quite
other values. Yet, laboratory tests of toxicity tend naturally
toward the determination of a practical insecticide, whether or
not this is the goal. The LD,,, or median lethal dose, statistic-
ally speaking, for an insect form under specific conditions, may
tell quite as much, and in terms as welcome, to the scientist
in his laboratory as the complete elimination (LD} of a de-
structive pest from his field or garden achieved by that sub-
stance tells the practical user. The point is, simply, that one
must not leap to conclusions solely on the basis of laboratory
median lethal dose values.

The measure of toxicity most frequently employed in
this book is the median lethal dose {LD,) defined under specific
experimental conditions, or parameters closely related thereto,
such as LDg;, EDg, LCs,, LCy, LC o, ete. This entails the
need to say something about these measures of toxicity, and
indirectly of effectiveness, and the methods whereby they are
obtained. The methods, it goes without saying, must be appro-
priate, properly controlled and standardized in as many details
as possible. The measures of eifectiveness evoked by the
methods must likewise be meaningful and subject to statistical
verification of their significance.

The results or data derived from tests of toxicity are
arranged, nowadays, generally in the form of a dosage mortal-
ity curve. Such a curve plots the mortality achieved in a
stated period of time by a given dosage of toxXicant per given
unit of body weight of the test organism. A sufficient series of
graded dosages {the resuits of which are recorded in terms of
mortality per cent) yields a curve sigmoid in shape, The near-
ing of the asymptotic by 2 curve of such form to the areas of
one hundred per cent mortality at one end and no mortality at
the other is hard to measure and define. To find with accuracy
the LDy and the LDy, calls for great replication of tests per-
formed on large numbers of test subjects and even approxima-
tion of these values is hard indeed, In estimating them one
must rely on the limited number of test individuals dying in the
lower dosage range and the correspondingly few surviving in
the higher dosage range. Thus individual peculiarities and id-
iosyncrasies become over-riding. It is far easier and more
accurate to discern the dosage which yields the death of one
half the number of test subjects. So, in comparisons of toxicity
among substances and in determining its corollary, the dif-
ferences in susceptibility to a toxicant of various species, age
groups, life-cycle stages, etc., the median lethal dose (LDg,)
has been al but universally adopted. For laboratory and do-
mestic animals, and for vertebrates in general, dosages are
expressed most commonly as milligrams or grams of toxicant
per kilogram of body weight, In the case of fumigants, the me-
dian lethal concentration (LCy,) is generally used and is most
often expressed as milligrams of toxicant per liter of air, al-
though it may also be stated solely or supplementally as parts
per million {ppm).
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Some experimentalists, notably H. H. Shepard and
his collaborators (Minnesota Agricultural Experiment Station
Technical Bulletin No. 120, 1937) have taken exception to the
use of the median lethal concentration value as a practical
measure in testing comparatively fumigants for insecticidal
power. By extension, their criticism may zlso be levelled at
the LD« generally. They have offered reasons and means for
finding with statistical validity dosage values yielding more
nearly complete kills of the test subjects, bringing forward
argument in favor of the LDss as a more practical ground for
comparing toxicity. Many workers in this field report vari-
ous values in their papers, for example LDus, LDsg, LD,
LDys, LDgs.

In any case present-day tests of acute toxicity are
made by applying series of graded dosages or concentrations
of toxicant which yield a range of mortality values between 0
and 100 per cent of the number of test subjects. Values so ob-
tained may be treated according to formulae and methods gen-
eralized by W. 8. Abbott {Journal of Economic Entomology 18:
265-267, 1925). By probit-logarithmic transformation of the
statistically corrected dosages and mortality per cent values
the sigmoid dosage-martality curve gives way to a dosage-
mortality plot of straight line character. From plots of this
type the dosages or concentrations of toxicants which may be
expected to yield various percentages of mortality among the
test subjects can be very well approximated. Details of meth-
od and of mathematical treatment logically applicable to com-
parative toxicity determinations have been provided, among
others, by C. 1. Bliss (Annals of Applied Biology 37:508-515,
1935), F. M. Wadiey {American Association for the Advance-
ment of Science, Publication 20, pp. 177-188, 1943), and D. J.
Finney (Statistical Treatment of the Sigmoid Response Curve,
Cambridge University Press, 1952, second edition). Workers
guantitatively testing the acute toxicity of fumigants have been
for many years notably sedulous to apply careful statistical
procedure and proper validity tests to their data. More re-
cently the papers and treatises of experimentalists dealing
with the toxicity of agents other than fumigants have shown
increased care to state explicitly the methods whereby data
have been obtained and statistically treated. Increasingly,
they provide the experimental ranges of the values, standard
deviation, standard error, least significant difference and
other aids to interpretation of their findings.

However, standardized and accurate methods of ap-
plying or administering insecticidal substances to test insects
with regard for proper conirols are not as old, by any means,
as are many and quite voluminous data on toxicity of insecti-
cides, particularly those insecticides which came into general

practical uge during what might be called the “‘ancient history™

of insecticides. Nowadays, and in the quite recent past, meth-
ods of exceptional ingenuity and relative ease of application
have been (and continue to be) elaborated. Such methods fa-
cilitate accurate laberatory evaluations of insecticide, and
would-be-insecticide, toxicity upon insect subjects. These
methods show increasingly high refinement and subtlety. In
miniature, of course, they reflect all the modes whereby in-
gecticides are now applied accurately, econcmically, and with
maximum effect on the grandest practical scale. In addition
tc these, delicate methods of local appiication {o and injection
into insects have been devised for purely laboratory evalua-
tions of toxicity and mode of action. Such methods have kept
pace with, and added much to, the advance of knowledge of in-
sect physiology and biochemistry. There are, then, at hand
various methods for controlled topical application and injec-
tion of insecticides to insects, precision dusting, spraying,
dipping, feeding and drinking methods, ways of testing fumi-
gant action, residual action, systemic action, effects of res-
piration, on enzymes and enzyme systems, on tissue micro-
anatomy, etc. Each has its special virtues, appropriate
controls, peculiar pitfalls, just as each has its proponents.
All the more important, therefore, is the need to specify meth-
od and to bring forward the results of many methods in gather-
ing general data on insecticide toxicity. Much less definite
and less well explored in insecticide toxicity tests is the part
played by “‘randomisation’’, sampling, and inspecticn or ob-
servation of test subjects during and after treatment in affect-
ing the results achieved. It may be expected that these are
factors of some importance, being among those elements of

the experimental procedure that should be specified. Rarely,

however, does one find them explicitly set forth.

Some general explanation of the more common meth-
ods of insecticide testing is appropriate. The unavoidable
brevity imposed by the nature of the text on indications of ex-
perimental method may have made these rather cryptic. Many
will ask, no doubt, what is meant when it is stated that a com-
pound was tested upon a certain insect by application according
to a certain turntable method, by some seitling tower techaique,
by dipping or rolling or by a vacuum dusting process. Descrip-
tions and explanations which can be given here will still not be
complete. They cannot absolve the reader from looking into
the reference sources for detailed descriptions if he feels need
of these. Even for any general method of insecticide applica-
tion there may be numerous modifications of procedure and
much variety in instrumentation.

The exhaustive field test only can give the final evalu-
ation of an insecticide in all its aspects, and of its toxicity for
ingects in particular, as this is reflected in the degree of con-
trol obtained. To this ultimate test, laboratory testing, carried
ocut with high precision of method and yielding resulis readily
reproducible, is an indispensible prelude. What follows in cut-
line form is a short resumé of general methods presently in
use in ingecticide testing:

1) Topical application; direct injection:

a) This method, which is very much to the fore at
present, involves the controlled administration of
toxicant in critically measured amounts, and or-
dinarily in suitable solution, directly to the surface
of individual insects. Clearly it is a laboratory
method primarily, but equally clearly it can have
much to contribute to field applications of insecti-
cides in the form of finely divided and dispersed
droplets having toxicant in solution, emulsion or
suspension, in the form of dusis of rather uniform
particie size or as residual deposits where contact
is relied upon to poisen the insect, Attention is
drawn to the brief section 100 of the text which of-
fers data on spray droplet behavior.

1) Application is made ordinarily as single drops
placed upen or spread over particular chosen
areas of the insect body. Thus, drops may be
placed on the pronotum, on the cervical mem-
brane, sternally or intersternally, near or far
from the central nervous system or, indeed, at
any chosen gite. This permits evaluation of dii-
ferences of susceptibility or sensitivity of the
insect, if any such exist, which depend on site of
applicatibn, degree of sclerotization of the integ-
umeni, presence or absence of natural lipids,
waxes, cuticular deposits, influence of abrasion,
ete.

Droplets can be delivered with precision by us-

ing needles of fine bore, carefully ealibrated

micrometer syringes, and various helding de-
vices or means of anaesthesia.

Much the same equipment and methods can be

adapted to inject directly into the insect--under the

integument, into various members, into heart, blood
or other organs, into mouth or stomach—measured
amounts of toxicant.

1) Minute amounts of toxicant may be measured ouf
by precise but essentially simple instruments.
Such quantities as 0,001 to 0.01 micrograms may
be delivered in small volumes of solvent or sus-
pending fluid, for example, 0.1 to 1.0 microliters.

The foregoing methods permit also consideration of

the part played by various solvents in mediating or

modifying the action of insecticides.

1) Toxicity of various organic solvents such as ace-
tone, dioxane, alcohols, etc., may be evaluated,
and the part played by solvent volatility or non-
volatility, as well as many other factors, may
be evaluated.

Topical application or direct injection of precisely-

measured and minute quantities of toxicant allow

the testing of finely-graded dosages and the use of
criteria other than death in studying efiectiveness,

2

—

b

)

¢

-~

d

E=4



xii

s

C

INTRODUCTION

for example, doses effective in yielding particular
degrees of immobility or paralysis, tremors, be-
havioral alterations, heart rate changes alterations
of nerve action potentials, etc.

Topical application and injection methods are suc~
cinctly reviewed with excellent detail and biblio-
graphic references by R. L. Metcalf in H. H.

Shepard’s Methods of Testing Chemicals on Insecls,

Volume I, Chapter VIII, Burgess Publishing Com-
pany, 1958,

i) Feeding and drinking methods:

a)

b)

C

—
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These are the methods which come immediately to

the popular mind when considerations of poisoning

are brought up, Such methods of testing are a sine
qua nor for toxicants which act as ““stomach poi-
sons’’ upon ingestion, whether this be their sole
route of effective entry or one of several routes of
entry into the insect body.

1} The methods are legion and many are extreme-
ly ingenious. They have been reviewed in de-
tail by F. W. Fisk in chapter IX of the reference
cited above.

The test insects may have unlimited access, by

feeding or drinking, to the toxicant which may be

made constantly available in the food and drink by
varicus ways. The toxicant may be mixed in or
placed upon suitable focd which is present in the

holding cages or devices. The insects may be liv-

ing in, or placed directly in, a medium in which

the toxicant is present, [or example: in the rear-
ing media for fly larvae; adsorbed or abscrbed by
textiles in feeding tests for clothes moths, etc., -
in grains, flour, dried fruits and other stored
products which form a habitat for the insect, for
example, grain weevils; in baits rendered attrac-
tive to the insect in one way or another. The toxi-
cant may be in liguid sirups or in fluids like plant
juices or blood, drunk through membranes which
simulate natural feeding situations.

The toxicant may be offered or administered to

the insect by limited dose feeding. The toxicant

may be offered in the form of deposits, pastes,
coatings, etc., on the fresh leaves of suitable food
plants, placed in measured amount on suitable
squares or discs of acceptable leaves, as ‘‘leaf
sandwiches’” with the toxicant between two pieces
of suitable leaves, in pellets such as bran baits.

Or the poison may be given in measured doses in

liguid media placed on the mouth parts; in the

mouth, or introduced into the foreparts of the
gastroiniestinal canal.

These methods may be adapted as large scale

semi-field tests by placing insects in large cages

placed over natural food plants growing in pots or
open soil and suitably treated with toxicant by
various methods of spraying, dusting, coating, etc.

All of these tests and methods, however, carry

very arduous conditions connected first with the

deposit of the toxicant on the material to be eaten
in measured, evenly distributed amounts so that
the amount taken by the insect can be accurately
measured. This may invclve various planimetric
techniques to discover the area eaten of such
things as coated leaves so that the dosage may

be estimated in terms of a known rate of deposi-

tion of the toxicant, and require delicate and time-

consuming direct weighing methods, scamning
methods, etc, In such feeding experiences the
methods worked out for precision spraying and
dusting have direct applicability as means for
precise distribution of toxicant over surfaces of
leaves or plant parts. Questions of natural die-
tary and of normal feeding habits and optimal
feeding conditions are involved and piay a great
part in correct interpretation of results.

1II} Dipping methods:

&}

These methods which involve the immersion of
the test inseets, usually in groups or batches, in

b

c

d

—

-

agqueous or other solutions, emulsions, suspen-

sions, etc., of the toxicant for measured short

periods really form a special case of topical ap-
plication,

1) Closely related to dipping methods are those
tests in which insects are rolled or shaken in
dust dilutions of the toxicant or allowed to en~
ter ad libifum parts of the environment over
which the insecticide in suitable formulaticn
has been dusted.

Plainly, the dipping and related methods are far

less precise and susceptible to exacting measure-

ments of dosage. Also it is difficult to rule out
the ingestion of toxicant during the dipping proc-
ess, if it is the contact effect that it is desired
specifically to measure. The grooming habits of
the test insects, whereby surface-applied materi-
als are swept off by the mouth parts, are likewise
to be considered.

1) Very important also becomes the treatment of
the insect after its immersion—how it has been
dried, whether excess moisture is blotted ofi,
freedom of the holding cages from deposits of
toxicant due to excess solution or suspension
shaken from the insect surface, and a host of
similar factors.

2) Consideration of harmiful effects of the immer-
sion procedure as such is necessary and such
effects should be ruled out or allowed for by
varicus refinements of the method.

In spite of apparent lack of precision and the

presence of variables hard to control, dipping

tests using adequate numbers of test subjects
show a good order of reproducibility in terms of
resulis, considered from a guantitative stand-
point of dosage, exposure time, holding conditions,
and so on. It is essential to administer carefully
to control subjects all the treatments and manipu-
lations undergone by the experimental subjects,
save the exposure to toxicant.

1) At play here are all the factors which must be
taken carefully into account in other ingecti-
cide tesiing methods and which should be
specified in reporting results. These include:
age, sex, life-cycle stage of the test subjects,
nutritional state, immersion time and immer-
sion temperature, post-ireatment holding tem-
perature and humidity, reaction time, time al-
lowed before reading of results so that
recovery from adventitious effects, such as
temporary anoxia as a result of immersion in
liquid, may take place,

Dipping methods have been reviewed in detail,

and bibliography compiled, by A. H, McIntosh in

chapter X of the Shepard reference previously
cited,

1) Ewvaluation of toxicant effect after dipping ap-
plication, clearly has much to indicate in
terms of insecticides practically applied by
this method, for example, in cattle, sheep,
poultry and other dips for control of lice,
ticks, mites, flesh flies, etc.

IV) Precision-spraying meihods;

a) These methods as applied in the laboratory for

insecticide evaluation are related directly to one
of the major and universal methods for applying
insecticides on a practical scale. The general
methods of precision spraying are few, but spe-
cial modifications and nuances are legion. They
have been summarized in considerable detail
and with an excellent bibliography by C. Potter
and M, J. Way in chapter XI of the Shepard refcr-
ence cited above. Spraying, of course, involves
the dispersion by suitable ingtruments of a
toxicant in sclution, emulsion or suspension,
as a cloud or mist of droplets relatively
course or fine, Having created the spray or
mist by suitable means, it may be applied
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to achieve several purposes:

1) To apply equal, similar, or comparable doses
of toxicant directly to the body surface of the
text ingect. Plainly, this touches closely upon
the methods of topical application.

or by residual contact, as stomach poisons
after ingestion in the form of deposits on food
plants, or as a result of grooming by the in-
sect of its dusted body, or to serve a dual
purpose of both contact and stemach poisoning.

2) To scatter or distribute a measured dose of 2) Whatever the method of specific application of
toxicant in suitable solution, emulsion, or sus- dust toxicants, the degree of precision in
pension over a surface area as a regidual de- terms of even distribution, amount deposited,
posit with which test insects may afterward exact dosage determination, and other quanti-
come, or be placed,in contact. tative considerations is much less than in the

J) To distribute evenly and uniformly over the case of sprays and settling mists, Nonethe-

surface of something to be eaten by an insect—
leaves of a food plant, other plant parts—a giv-

less, reasonably reproducible results have
been achieved.

en dose of toxicant. This last application is b) Plainly, the degree of precision in method or
done with more precision in the dispersion or evaluation to he achieved by rolling, or tossing,
distribution of stomach toxicants by setiling or shaking the test insects in a quantity of the
mist methods and apparatus than by direct dust toxicant is not great. Much less precision
spraying. attends those methods which permit the insect to
4} To distribute a stated dose of toxicant uni- enter a dusted area of the habitat or environment
formly over the natural habitat of the insect, ad libitum. Still, these methods have been used
or replica thereof, or over a food plant growing and much of the older, though still valuable, data
in field or container. This last purpose im- for such insecticides as sodium fluoride, cryolite
pinges upon, or merges with, the practical and derris has been gathered by these methods.
spray application of a toxicant when it is done c) As in the case of precision spraying, the desire
with nozzles and pumps of high precision. Eval- to achieve precision dusting has brought forward
uations gained by methods so closely approach- numerous instrumental arrangements to yield
ing the practical are less exact and require uniform dust clouds to produce uniform deposits
more judgement and discrimination for good in several kinds of dusting and settling towers or
interpretation. chambers. Dust guns here take the place of noz-
) A multitude of instruments and arrangements of zles.
instruments has been devised to achieve best, 1) The greatest degree of uniformity achieved in
most accurately, and most directly the various distributing a measured amount of dust toxi-
purposes stated. Instrumentalities for both spray- cant has come by way of vacuum dusting meth-
ing and setiling mist arrangements have been spe- ods which deposit dust uniformly on all ex-
cialized for most efficient direct application of posed surfaces of insects, food plants, cages,
sprays to the insect body, the application of de- etc., by the instantaneous breaking of a vac-
posits to surfaces, and for both these tasks. uum in an appropriate test chamber or vessel.
1) Virtually all the instruments, or instrument 2} Regardless of the uniformity achieved by the
groups, devised for precision spraying or the dispersing apparatus, the dusting method is
production of uniform settling mists have in only as good as the methods used after appli~
common, I} an atomizing, mist- or spray- cation to measure quantitatively the deposit on
producing nozzle, II) a chamber in which insect a given area of surface or the amount ingested
or surface may be exposed, devised in various by an insect in the form of coated discs or
ways to promote mixing, take advantapge of tur- squares of leaf or as leaf sandwiches with
bulence, separate different ranges of droplet toxicant dust fillings.
size into different regions, promote even d) Precision dusting techniques and apparatus have

¢)

settling or distribution, etc., III) some type of
reservoir, tank or cartridge in which the
measured dose is placed, or from which a
measured dose may be drawn, and IV) a means
of exposing various kinds of test insects—
crawling, flying, resting, immobilized, pin-
ioned, etc.,—for exactly-timed intervals, and
in replicate groups, to the toxicant.
Space does not allow any detailed description of
instruments or the nature of physical factors in-
volved in precision spraying tests. Those inter-
ested will find the details in the Shepard reference

been succinctly treated by J. E. Dewey in chapter
X1 of the Shepard reference previcusly cited.

VI} Tests of fumigant insecticides:

a) Section 104 of the text presents a general con-

sideration of fumigant insecticides. In that sec-
tion may be found descriptions in considerable
detail of the methods and the factors important
to tests of fumigant toxicity. In addition an ele-
gant precis on this subject has recently appeared
and the reader’s attention is drawn to chapter
XIII by R. T. Cotton in the previously cited Shep-
ard reference.

cited and its bibliography.
V) Precision dusting:
a) What has been said about precision spraying ap-

VII) Miscellgneoys:
a) There have been recent new departures in the
field of insecticide application and insecticide

plies with equal force to precision dusting, In
these methods of toxicant application the problems
are those of the precise, uniform, and reproduci-
bie distribution of substances in particulate form—
relatively coarse or relatively fine, uniform or
diverse in particle size, erystalline or amorphous,
heavy or light. However, the physical character-
istics of dusts are quite different from those of
solutions, emulsicns or suspensions in droplet
form, and are less known. Toxicants in dust form
are almost invariably diluted or formulated with
inert dust diluents whose properties may be highly
special.
1) As in the case of liquid sprays, dusts are ap-
plied, depending upon the mode of action and
toxic properties of the toxicant, to act by direct

action. Among thege new departures is the in-
troduction of the so-called ‘‘systemiecs’ or ‘‘sys-
temic’” jnsecticides, the subject of section 172 of
the text, These require icr the evaluation of
their action and potency new methods and quite
subtle approaches. The use of synergistic agents
in insecticide formulations has preved immensely
valuable and new synergists may be expected to
appear in greater number. Section 171 specifically
treats of the phencinenon of synergism as it ap-
plies to insecticides. Methods for the testing and
evaluation of synergistic agents are given there
explicitly and implicitly in the operational sense.
New horizons have been opened also by the ap-
pearance and increasing elaboration of organic
phosphate or “‘organophosphorus’ insecticides.
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Since the mode of action of these agents seems
strongly to center upon the inhibition of choline
esterase(s), in vitro systems for studying quan-
titatively the inactivation of the enzyme(s) have
been deviged and are important in toxicity evalu-
ations of this “‘family’’ of toxicants. Section 134
of the text treats generally with these particular
agents. Radioactive tracer methods may also be
expected to come to the fore in the future. No
consideration specifically of radioactive isotopes
in insecticide studies has been given in this work.
However an interesting review of their applica-
tion in ingecticide studies is offered by A. W.
Lindquist in chapter VI of the Shepard refereace
cited above.

There remains to he considered briefly some of the
important factors and variables which are all-important in
their influence upon the mode of action, the toxicity and, in-
deed, the general behavior of insecticides as this is manifested
in laboratory testings and practical field uses. Without due re-
gard for these factors and variables, experimental data may be
subject to gross misinterpretation or improper emphasis.
These factors and variables are among the details which this
work has sought to indicate, however briefly, in the tabulations
of the experimental findings. Without these indications the
tabulations may too easily appear to be a disparate melange of
values showing little regularity and less coherence. More ex-
perimentalists are now explicitly considering such variables
and taking the measure of their influence upon the experien-
tial data which their studies yield. Although all these factors
and variables may he found throughout the text it may serve by
way of introduction to set them down as a group and consider
them briefly in general terms.

Information on the variables which derive from spe-
cies specificity, from inherent species difference alone, (what-
ever may be the physiological or biochemical basis) as these
relate to insects is scarcely tapped, much less well known.
Qut of the thousands and thousands of insect species--to say
nothing of biotypes, strains, races, varieties, etc., within those
species—only a handful has formed the material for experimen-
taticn and close scrutiny. In the toxicity tabulations of this
work, run down the lists of generic and specific names and
censider how the same old acquaintances show up again and
again in endless repetition—Anasa tristis, Apis mellifera,
Bombyx mori, Melanoplus differentialis, Musca domestieca,
Oncopelius fasciatus, Periplaneta americana, Anopheles quad-
rimaeculatus. There are good reasons why this is so. There
are also abundant reasons to keep in mind how limited is the
penetration of our exact knowledge into this world of extra-
ordinary organisms. As new gpecies and genera are selected
as experimental material we may expect to sce many genecrali-
zations shattered or provided with interesting exceptions. This
is true generally in terms of physiology, biochemistry, etc.,
and specifically in toxicity studies and in the insect pharmaco-
dynamics of insecticides.

In addition to the factors making for susceptibility or
resistance to the toxic action of varicus insecticides which are
inherent in the specific nature of insects—or, for that matter,
any other organism—and dependent on the particular biochemi-
cal, physiological, genetic, and structural make-up of a genus,
a species, a sub-species, a variety, a biotype, a strain or an
individual mutant, there are other factors which alter the ac-
tivities of toxicants. Since these factors play a very great part
in the variability of data on toxicity and the nature of so-called
standard values derived therefrom, it seems useful to review
them here. It will be noted that, in the text and tables, wher-
ever pertinent variables have been explicitly made known by
sources used, these have been indicated. Indeed, some sec-
tions are given over wholly {6 consideration of factors making
for altered susceptibility or resistance to insecticides, among
these being section 173 on temperature and insecticidal action
and section 156 on “‘acquired’’ resistance or ‘‘fastness’ on
the part of insects toward various texicants.

The question of those phenomena associated with in-
dividuality or ‘*specialness’’, whether this relates to an in-
dividual organism or the collective individuality of a species,
is too all-pervading to be usefully jlluminated by the brief
treatment, however succinet, which could be accorded here.

These factors we will accept as given—as being of the order of
nature, Others are less subtle, less all-pervading, in terms of
cause and effect, and may be noted or even briefly discussed
here to some useful end The author is guided here by the or-
der of treatment followed by C. Potter and M. J. Way of the
Rothamsted Experimental Station at Harpenden, Hertfordshire,
England, in chapter XI of the Shepard reference frequently
cited. The bibliography provided by these authers is altogether
excellent, Much of this same bibliography the author has inde-
pendently explored and the specific data are embedded in the
text.

1) Imstar, or life-cycle stage, and age of the

insect within the instar or life-cycle stage:

Susceptibility to toxicants is influenced variously by
instar, life-cycle stage, age, and sex of the test insect. The
degree of influence exerted may differ widely with respect to
diverse toxicants. Any one of these variables may increase
susceptibility to one poison and decrease it toward another.

II) Nutritional state of the test subject(s); other
nutritional factors:

The nature of the food and the amount in which it is
given or received alters the response of varicus insects to-
ward diverse toxicants. This helds true with respect to the
dietary period before testing and in the holding period after
ministeation of the toxicant, Myzus persicae, for example, has
shown measurably different response to nicotine, used as a fu-
migant, depending on the plant used for rearing the aphid, name-
ly turnip, lettuce, climbing Dahlia, Nasturtium,

II) Place of applicaticn of the toxicant on the
body of the fest insect:

The general organization of the integument of insects
is, of course, similar over the whole of the class, Insecta, How-
ever, the disposition, nature, thickness, waxiness, oiliness,
glabrousness, hairiness, wettability, etc., of the cuticular iayer
of the integument alone, may differ sharply as between species,
between life-cycle stages or instars, and between body regions.
If the insect is or can be sprayed, for instance, over-all by an
effective contact insecticide or toxicant these differences are
not too important save as their algebraic summation may deter-
mine the overall effective dose. Qmite different, however, is
the situation in tests whereby the dose may be deliberately lo-
calized. And this fact achieves practical importance with re-
gard to toxicaats intended for use as residually toxie depesits
or films. Susceptibility of the individual insect has been found
to vary markedly depending upon the region of the body where
a given test dose is applied. This may be manifested by dif-
ference in the LDj, of a given toxicant for different application
sites, time reqguired for the production of a given response—
death or otherwisc—and in many other ways. At any given
place of application, the physical state of the toxicant, the
solvent used, and the environmental circumstances attending
the application may alter the result.

IV) Physical condition and state of the toxicant;
vehicie or medium of application:

Egpecially in the case of a poison applied as a solid,
either by contact or by mouth, do the particle size and nature
of the crystal or shape of the particles affect the result in
terms of the susceptibility or resistance of the insect. The
type of vehicle or medium is of great imporiance as it en-
hances or promotes entry of the poison to the sensitive regions
or systems of the test subject, makes the toxicant more palata-
ble or acceptable, quiets or inhikits mechanisms which might
effect the regurgitation of an intaken poison or promote or re-
tard the rate of passage through the gut, synergizes with the
toxicant, or in any way alters or affects the natural barriers
to the entry of foreign substances. Thus, of course, the nature
of a formulation may influence deeply the activity of any given
insecticide. Surface active agents, pH of the medium, protec-
tive adjuvants added to retard degradation or alteration of the
toxic molecule, all may affect the quality and intensity of the
response of the test subject, In the case of contact poisons
working as residual deposits, the texture or nature of the sur-
face has an effect on toxicity both in terms of influence on the
toxicant itself and the effect if has on the adequacy of contact
of the test subject with the poiscnous deposit.

V) Deposit level and toxicant concentration:

In the case of contact sprays, contact dusts, and re-

sidual deposits or films, made either by application of dusts,
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emulsions, suspensions or solutions, these factors influence
toxicity as this is revealed by measurements of test subject
mortality. Usually, when a stated volume of diggolved poison
is administered, by direct contact or as a residual deposit,
toxicity increase is a direct function of increased concentra-
tian of toxicant. Over the mortality range, or most of it, probit-
meriality and leg-concentration relation is linear when graphed.
Qil-borne toxicants used as sprays yield an enhanced mortality
with increased deposit level but this effect may not follow in
the case of water-borne toxicants. The so-called run-off point
of the solution, suspension, or emulsion may be such that any
increase of amount applied beyond that point has no eifect in
enhancing the amount of poison held on the insect gurface. In
residual deposits, too, a level may be noted below which there
is no response on the part of the subject, and a level above
which no increase in toxicant deposit will enhance the response.
With regard to this deposit range the nature of the surface
holding the deposit is an important factor, Depending upon
the particular toxicant, application in a concentrated or in a
diluted form may yield an optimum toxic effect. Technique of
application is a factor in this last consideration. In the case
of tests by settling mists, dusts, and spray methods, particu-
lar attention must be accorded to levels of deposit and concen-
tration.

VI) Exposure time; reaction time, or inspection

time, or test-"‘reading’’ time:

The stretch of time during which a test subject can
continue to receive toxicant from its surroundings, from its
food, from its own surface, or however, is termed the expo-
sure time. The time passing between the start of application
or administration of a toxicant and the moment when the re-
sult of the test is “read’” or determined in terms of the re-
sponse of the test subject is the reaction time. This latter
hecomes imporiant when a subject is exposed to a toxicant for
& given period then remcved to a place where there is no fur-
ther exposure to additional toxicant, but where the subject may
be held for some additional time before the response is deter-
mined, or the results of the test read. If the test involves
study of the effects of contact of the subject with a residual
deposit, then exposure time and inspection time are the same,
if contact of subject and toxicant is maintained until response
datermination. Sufficient prolongation of exposure time or
reaction time will yield, eventually, a maximum effect for the
dosage received, Speed of action is the inverse of the time
neaded for the effect of a particular dose {o reach its maxi-
mum. It is not the time needed for a particular dose to yield
a stated response.

The action of a toxicant may be weighed from the
standpeint of its power to yielda certain effect on the test
subject, such as producing immobility, excitement, death, etc.,
regardless of time taken to produce the effect. Determining
a toxicant’s action from this standpoint sets aside variables
such as speed of action or uptake. On the other hand, the de-
termination of a poison’s action may be made in full consid-
eration of action speed or uptake speed. Each type of assess-
ment of toxicant action carries its own special conditions. In
the first case highest, maximum, or end-point effects must
be determined, and thus exposure time and reaction time
must be sufficiently long to yield the end-point. However, if
this length of time is so great as to permit starvation, ad-
ventiticus changes, or to outrun the normal longevity of the
subject, plainly, other assessments of action are needed.
Hlowever, the results obtained by the first type of determina-
tion or assessment are those more generally meaningful and
valid. Results based on reaction and exposure times of an in-
termediate duration are set by the action speed. In case of
residual films results may be affected or changed by influ-
ences which alter speed of uptake from the film or speed of
reaction to the amount of toxicant taken. To gain the fullest
knowledge of toxie action and data sufficient for valid com-
parisons, studies should be made to vield time-mortality data
for various dosages of toxicant as well as data for dosages
applied in terms of set exposure or reaction periods.

VII) Temperature and toxic action;
humidity and toxic action:

Tabular and other materials indicating the nature
and extent of temperature effect on inzsecticide toxic action
are included in section 173, At this point a few remarks may
serve to generalize those data. Temperature efiect on the

action of insecticides on insect test subjects is particularly
marked when studied in terms of the temperature at which the
test insects are held after treatment. These effects, have shown
up, particularly when studied after administration of toxicants
by mouth and by direct contact with the insect body, in the form
of differences in toxicity of the toxicant and in the time needed
to yield one or another form of response. In the case of
many poisons higher holding temperatures after treatment with
toxicant yield higher mortalities—within physiological limits,
of course. Although some data are offered in section 173, less
is known about the influence of environmental temperature in
the pre-treatment period. Variation in the size of the temper-
ature coefficient depends on many things—the toxicant itself,
the specific nature of the test subject, the conditions of the
test, and the physical state in which the toxicant iz adminis-
tered. Whether the temperature coefficient is positive or
negative depends, apparently most usually, on the insecticide
itself, although conditions of test and type and state of test
subject no doubt have some influence. Different environmen-
tal temperatures for the treated insects, then, yield differ-
ences in relative and absolute toxicity of a toxicant, considered
alone and in combination with other toxicants or with various
forms of the one poison. DDT and some of its close relatives
are notable in showing a negative temperature coeificient, in
terms of post-treatment temperature, for a number of com-
monly used test insects. But this effect is by no means com-
mon to all the so-called chlorinated hydrocarbons. Tempera-
ture during the course of treatment also influences the rate of
response to a toxicant. If, however, an insect is treated with

2 toxicant at a given temperature and held at the same tem-
perature during the post-treatment period the effect is not
essentially different when that given temperature obtains only
during the post-treatment period. '

Humidity of the insect environment before treatment
with a. toxicant—provided humidity is not such as to affect ad-
versely the vitality or physiclogical condition of an insect—
seems to play no part in affecting the toxicity of a substance,
Humidity has been said to influence the toxicity of residual
deposits during the exposure period but studies of this effect
of humidity are few, incomplete, and not particularly ingen-
jous. Far more is known about the very real effects and
problems of humidity on the phytotoxieity of insecticides.

VIII) Other factors:

The amount of toxieant abserbed by some mosquitoes
and the housefly, exposed in a space misted with kercsene
solutions of pyrethrins, has been shown to be related to the
movement activity of these flying insects. Active flying
movement apparently increased the dosage of toxicant re-
ceived upon the body. It is also reporied that movement of
actively erawling insects enhanced the toxicity of insectici-
dal deposits. The self-grooming activities of cockroaches
and flies which have been dusted, or have picked up insecti-
cidal dusts from dusted environments, have been shown to
enhance the mortality by adding a gastrointestinal intoxica-
tion to the contact toxicity. Obviously, this would be irue in
the case of a toxicant relatively low in toxic effect by con-
tact, but good in stomach poisoning power. Most insects, at
least as adults, groom themselves and those doing so most
persistently and actively might be expected to show the fore-
going effect more than others. Effects have been described
in toxicity tests of insecticides as due to intensity of light,
palatability, repellent nature of insecticide or formulation,
anaesihesia, intestinal motility or intestinal stasis, aerafion
(in fumigant insecticide tests), admixture of carbon dioxide
with certain fumigant vapors and impurities in the toxicants
used.

In these prefatory remarks many useful indications
have not been touched on at all. The author again wishes to
draw the attention of the reader to those sections of the text
which deal with certain general aspects of insecticides and
their action or with natural chemical “‘families’’ of insecti-
cides. A number of such scctions treat of quite new agencies
as yet scarcely explored, for example, section 6 on antibiotic
and antimetabolite effects in insects. The general problem
of the hazard of insecticides for useful and beneficial insects
—for bees, for pollinators, for insects parasitic on noxlous
species—is approached operationally through tabulaticns of
known data in section 12. Although this section deals chiefly
with bees, many of these observations have general validity
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beyond the immediate herizon of the apiculturist.

With respect to toxic effects of insecticides applied
on a grand scale, few good critical studies have been made.

In section 183 on Toxaphene®, however, there has been set
down a precis of some excellent field experiential data gath-
ered from happenings in several southern cotton-growing
counties where insecticides distributed on a grand scale, com-
bined with certain circumstances of weather, yielded very
drastic effects on wildlife. Such a study, though limited,
serves as a working model and a guide.

Certain sections in the text may seem odd, for ex-
ample, section 44 on the effect of insecticides on cytochrome
oxidase. Why single out this enzyme and devote to it a sec-
tion, however brief? Simply because these data presented as
a coordinated unit were gathered by one investigator on a
sizeable number of different insecticides and lent iiself to
such unique presentation. The vastly richer documentation
on the effect of certain insecticides on choline esterase is not
s0 treated and a reader of the text may be baffled by an ap-
parent major omission. However, reflection will suggest that
it is primarily the organic phosphate insecticides and the car-
bamates and carbamic acid esters which inhibit the biochemi-
cal action of the esterases for acetylcholine and its chemical
relatives. Thus, it is in the general sections, namely sections
27 and 134, that the nature and meaning of this enzyme inhibi-
tion by insecticides is explored. Again, why section 145 on
phyictoxicity which deals with a handful of species of garden
shrubs and trees ? The same reasons obtain as those offered
for the section on cytochrome oxidase—a coordinated block of
comparable data given by one assiduous worker on purely hor-
ticultural woody plants. Elsewhere, under the sections given

over to specific ingecticides, abundant phytotoxicity data may
be found.

The best way to learn the uses of this work, if the
author may so suggest, is a careful perusal of the subject in-
dex to appraise the general range of its subject matter. Then,
a consideration of a few of the insecticides—such as DDT,
Parathion, Pyrethrins, Rotenone, for which there are varied
and abundant data—will give a good idea of the general inter-
nal arrangement and method of presentation of data followed
throughout. Not all the same headings appear in every sec-
tion, Plainty, an insecticide used solely to control body lice
or a substance to repel chiggers from the human body present
little scope for any data on phytotoxicity; no such section may
be expected to appear even if only to report the absence of
specific data,

Hindsight sees deficiencies which even the most ear-
nest application and arduous thought while work was in prog-
ress did not bring to notice. For these deficiencies there is
real regret; but there is hope that sufficient usefulness, if not
excellence, is at hand so that readers will be moved to sug-
gest corrections for deficiencies, omissions, and sins of com-
mission. If the work has value and is found to deserve at
some future time to be reissued in expanded and ameliorated
form to keep it abreast of a burgeoning subject, then the de-
ficiencies of the present may be changed into the virtues of
the future.

WILLIAM O. NEGHERBON
Loyola College, Baltimore
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SYMBOLS;

Indicates the polarimetric properties
of an optically active substance under
standard conditions of temperature.

[

t Indicates: Increased, increasing, en-
hanced, elevated, raised, enlarged.

—_ Used in any other manner than that uni-
versally employed in chemical equa-
tions, means, as may suit the context:
Yielded, gave, led to, brought about,
served as, resulted in, produced.

"I" = mortality, kill, killed, dead, dead at.
= per, as in mg/day (milligrams per

day), lbs/acre (pounds per acre), mg/
inseet (milligrams per insect), etc.

Q = female. The symbel doubled (99) =
females.

4 = male. The symbol doubled (G =
males.

T

< = less than, smaller than, lower than,
or, to suit the context, diminution in a
quantity, quality, attribute, dimension,
ate,

> = more than, greater than, higher than,
ar, to suit the context, increase in or
enlargement of a quantity, quality, at-
trivute, dimension, ete,

e/ = microgram{s) per, for example g/k
{microgram{s) per kilo), ug/insect
{microgram(s) per insect), etc.

d e = gpecific gravify at the temperature,
in degrees centigrade, indicated by the
superscript referred to water st the
temperature, in degrees centigrade, in-
dicated by the subseript,

n;o Refers to the light refraetive proper-
ties of a substance.

AcChE = acetylcholine esterase.

Act. Ingred. = active ingredient(s).

ACTH = adrenocorticotropic hormone.

ADP = adenosine diphosphate,

ATP = adenosine triphosphate,

Av. = average, for example, av. wgt. =
average weight.

b.p. = boiling point.

bu = bushel{s), an English and American
unit of velume {dry material).

< = with.

c;ce = centigrade; degree(s) centigrade.

ca = circa or approximately, about, near,
nearly.

ChE = choline esterase. Often found as

cholinesterase.

Chlordane - non R = chlordane non-resistant, or,
conversely, susceptible or sensitive to
chlordane.

Chiordane - R = chlordane resistant, or refractory
{usually in a relative sense) to chlor-
dane.

Chlordane - 8 = chlordane susceptible or sensitive;
the equivalent of chlordane non-R.

ABBREVIATIONS; DEFINITIONS

cm? = square centimeter(s} or centime-
ter(s) square,

CNS = central nervous system (in the
sense of brain and spinal cord).

Comm., comm. = commercial or commercial
grade, referring to the degree of
purity of a product as it :ippears cus-
tomarily in commerce or trade.

Comp., comp. = compound(s}.

Conc., conc. = concentration; referring to the
relative amount of a substance {ordi-
narily stated in per cent) in solution
in, suspensicn in, or mixture with
another substance.

Contact Spray  In this work refers to an insecti-
cide in sclution or suspension in a lig-
uid, applied in such a way that the in-
sacts are directly wetted in whole or
in part.

Cpd. compound{s). Also see Comp., comp.

CEMA = Chemical Specialties Manufacturers

Association.

ct = cutanecus. Here specificaliy indi-
cates the application of a substance to
the body of an animal by placing it in
contact with the surface of the skin or
integument.

CTC = concentration to control. In this
work, the concentration of an insecti-
cide needed to yield practical field or

feconomic™ control.

D (in headings), d (in text) = dextro-rotatory; re-
ferring to the polarimetric properties
of the substance. Associated always
with the name of a specific chemical
compound, for example D-{or ¢-) nico-
tine,

PBDT-non R = DDT non-resistant or, conversely,
DDT susceptible or sensitive to DDT.

DDT - R = DDT resistant, or refractory {usual-
ly in a relative sense) to DDT.
DDT - 8§ = DDT susceptible or sensitive; the

equivalent of DDT non-R.

DL (in headings), d! (in text} = dextro, laeve and
signifies a racemic mixture of dextro-
and laevo- rotatory racemers of a sub-
stance; refers to the pelarimetric
properties of a substance, Always
used with the name of a specific chemi-
cal compound, for example DL- {or df-)
nicotine.

EC = effective concentration. As, for ex-
ample, ECgy, ECys, etc., signifying ef-
fective concentration for 50%, effective
concentration for 95%, etc., of a group
of tested subjects statisticaily signifi-
cant in number. Refers to z concen-
tration effective in producing some
specific result, for example, death,
paralysis, increase or decrease in
respiratory rate, etc.

ED = effective doge; that amount of a sub-
stance which applied in a particular
way is sufficient to evoke a certain
respanse in the tested subject.

XXiii

Emuls., emuls. = emulsion.

Emuls. Conc., emuls, cone. = emulsible or emul-
sifiable concentrate. Refers to a con-
centrated solution of a substance in
some solvent, this cencentrate being
employable in making up emulsions in
water.

Est., est. = estimated, for example, estimated
desage, estimated LD, etc.

Exp,, eXp. = exposure, or exposed to dr at. Thus:
2 hr. exp. = 2 hour or 2 hours’ expo-
sure, exp. 80° C = exposed at 80°C,
exp. DDT = exposed to DDT, etc.

F; F*° = Fahrenheit; degree(s) Fahrenheit.
Refers to a specific scale of tempera-
ture measurement.

f.p. = freezing point.

ft. = foot or feet {plural); an American
and Engiish unit of linear measure,

ft? = square foot or feet; foot or feet
square.

ft3 = cubic foot or feet; foot cube or feet
cube.

Fumig, fumig = as a fumigant, Indicates applica-
tien of a toxicant by fumigation, i.e.,
as a gas, vapor or vaporisable liquid
or solid in the atmosphere contained
in the test vessel, chamber or space.

Gal., gal. = gallon, gallons. Where otherwise
unspecilied, as, for example, gal. U.8.,
gal. Imperial, the United States gallon
as a8 measure of liguid volume is
mesznt,

Hgt., hgt. = height.

Hr., hr. = hour; 60 minutes.

Hrs., hrs. = hours.

I = instar. For example, 4 1 = 4¢th in-
star. An instar refers to the inter-
val between moults in an insect’s life
cycle. Thus, the fourth larval instar
refers tc the period between the third
and fourth larval moults.

Ep Equivalent to 1Dy, q.v.

D, = inhibition dose,,; in this work means

that dose or amount of a substance
yielding, under particular conditions,
50% inhibition of choline esterase(s) or
acetylcholine esterase(s) in a given re-
action system. As, for example,

IDgy s 50 mins Mdicates a desage yielding
the 50% inhibition in 30 minutes.

in, = inch or inches, an English and Ameri-
can unit of linear measure. 12 in.
(inches) = 1 ft (foot).

in? = gquare inch or inches; inch (inches)
square. 12 in.? = 1 fi2 = 1 square foot.

Ingred,, ingred. = ingredieni{s), for exampie, as
act. ingred. = active ingredient(s).

Inh, inh = inhalation, by inhalation, as inhalant,
and refers to intake of a substance by
inbreathing, in the case of air-breathing
vertebrate test subjects, or, in the case

of insects or other arthropods, the



xxiv
applicaticn of a substance as a gas or
vapor with intake presumed to be in
whole or in part by means of the res-
piratory apparatus.

Inj, in} = injection or by injection. Refers ta

the introduction of a substance by
mechanical means into (beneath the
surface of) the body of the test subject.
Injection may be at various levels and
into various sites, as for example, sub-
cuataneous, intramuscular, intravenous,
intraparenteral, etc.

Intermed., intermed. = intermediate,

intra - abd. = intra-abdominal. Refers tc the in-
troduction or injection of a substance
into the lumen, space, or cavity of the
abdomen, Essentially equivalent, in
the case of a vertebrate animal, to in-
traperitoneal introduction or injection.

ip = intraperitoneal. Refers to the intro-
daction or injection of a substance into
the peritoneal space or cavity of a test
subject (by definition a vertebrate ani-
mal J. Thus, administration of a sub~
stance by the peritoneal portal.

T = immobilization threshold. Refers,
in this work to that amount of a sub-
stance or toxicant which, applied to a
test subject or a group of test subjects
in a particular way, is just sufficient to
vield cessation of movement,

iv = intravenous. Refers to the introduc-
tion of g suhstance into the body of an
animal by direct injection into a vein,
or into the venous circuiation.

KD = “Jnock down'', or knocked dowm, i.e.,
(in the present context) reduced to im-
mebility, or reduction to immobility.
Used, by extension, to mean paralyzed
or paralysis; inability to move normal-
ly. Does not imply necessarily the
death, instant or eventual, of the or-
ganism knocked down by the treatment
causative of the ““kmock down'’. Not
placed in quotation marks when used in
any table.

<KD see KD. The quotation marks are ad-
ded, if the abbreviation {s used in the

text {as opposed to use in a table), be-
cause of the general lack of precision

in the idea of ‘‘knock down’’.

KDy {where X = a subscript) For meaning of KD,
see the definition under that abbrevia-
tion. The subscript applied to KD may
mean, if it is 2 number without further
specification, e.g., KD, KDy, ‘‘knock
down'' of 50% or 10% of the tested sub-
jects. If there is specification, e.g.,
KDyy min @r.KDs, hrs. the degree of
‘‘knock down” in 10 minutes or in 24
hours would be meant.

L (in headings), [ (in text) when used in the
chemical name of a compound, e.g. L-
NICOTINE or {-nicotine, L-ANABASINE
or {-anabasine, = laevo- {or levo-) ro-
tary: Refers to the polarimetric prop-
erties of a substance, Not to be con-
fused with the abbreviation for Iiter{s)
or litrefs),

1 = liter(s}, litre{s).

Lab, lab = laboratery, as, for example, lab
strain, lab biotype meaning 2 laboratery

strain, a laboratory bictype.

Lb., b, {plural; Lbs, lbs.) = pound (plural:
pounds} one of the English and Ameri-
can units of weight. One pound = 16
ounces.

LC = lethal concentration. For exampie,
the lethal concentration of carbon tetra-
chloride vapor in air, for the cat, has
been given by one worker as 90 milli-
grams per liter of air; the lethal con-
centration of DDT in water, for tadpoles,
has been given as 0.1 part per million

SYMBOLS; ABBREVIATIONS; DEFINITIONS

by some workers. The examples cited
indicate the concentration of the sub-
stances named, in air and water re-
spectively, which wili kill at least one
of a group of test subjects.

LCy (where x = a subscript as, for example, LCg)
lethal concentrationy, Thus LC,, or
1.Cy,, for instance, signify amounts of
a substance in a medium such as air,
water, etc., which will prove fatal
respectively to 50% or 10% of a statis-
tically significant group of test sub-
jects, exposed suitably thereto. The
LC,, of chloroform as an example, is
given by one worker as 27.8 milii-
grams per liter of air for the mouse,
exposed for T hours to the test medium,
with death occurring in 8 hours.

LCxy (where x = a subscript number, e.g. LCy,
and y = a further designation such as
24 hrs. 2 days, 10 min.) See defini-
tion given for LCy. Such additional
subscript designation as 24 hrs., 2
days, 10 min, ordinarily indicates that
the result, for example 50% mortality,
is achieved in the time or period speci-
fied. This may be quite different from
exposure time. However, in many in-
stances it is difficult to know if the
time designation refers to the exposure
periad or the time in which the stated
result, such as 50% kill or mortality,
was achieved after z particular expo-
sure period.

& (where x, x! are subscripts such as 58, 90,

LCyr 10C etc.) = LCy divided by LCy1 , for
example LC,, divided by LCy,. See
the definitions given for LC, LCy and
LCyy-

iD = lethal dose. The amount {dose) of a

subgtance which will kill or prove fatal
to a given animal or organism. An
imprecise designation, See LDy, MLD,
LDyy.

LDy {where x = a subscript number, for example,
LDy, LD, LD, , LD, ) = lethal
dosex. Thus LD, LD,,, LD, , LDy,

signify amounts of a substance which

kill respectively 10%, 50%, 75%, 100%

of a statistically significant group of

test animals (ordinarily 10 or more
individuals). The designation LD, may
seem paradoxical; where used it indi-
cates a dose, in a series of graded

doses, which uniformly kills none of a

group of test subjects,

LDy

D = LDy divided by LDx', for example
x" LD, divided by LD, {see the defini-

tion given for LDy).

LD, See LDy,

LD, See LDy,

LDy, Sea LDy,

1D, See LDy,

LD, Sec LDy.

LD, See LDy,

Lo, See LDy.

1D, See LDy.

Lny (where x = a subscript number, e.g., LD, ,
and y a further subscript designation
such as 24 hrs,, 2 days, 1 week, ete.)
See the definition given for LDy, Such
additional subscript designation as 24
hrs., 2 days, 1 week indicates that the
result shown as LD, cccurred in the
time (y) specified. Thus LD, o, hrs.
means the amount {dose) of a substance
which yielded 50°% mortality in 24 hours
of a group of test subjects, individually
treated with the amount stated.

LL = lethal level. For example LL_, in-
dicates a degree or rate of application
of a substance productive of 50% mor-
tality of the exposed subjects.

LR = lethal range.

L deposity (where x = a subscript number, e.g.,
L deposityy, L deposit ) = lethal
deposity, Thus, L deposity,, L de-
posit . indicate, respectively, the
amounts of a substance, measured as
a deposit on a surface, for instance
milligrams per sguare centimeter,
which wilt kill 50% or 100% of a group
of tegt subjects which have access to,
or are exposed to, the treated sur-
face. Refinement may be had if the
time necessary for the given degree
of kill to oceur is specified as, for
example, L deposit,, ., jpre.

L Time = lethal time. Refers to the time
required for a dose of & drug or toxi-
cant, sufficient, by definition, to kill a
test subject eventually, {¢ produce
mortality. As L Timew , the time nec-
essary for a given dose of a drug or
toxicant to yield mortality of 50% of a
statistically significant group of test
subjects.

ne = microgram{s), microgramme(s).

M = mole(s), or molar {in reference to a
solution).

m = meter{s} or metre(s).
m = square meter{s) or meter{s} square,
= cubic meter(s) or meter{s} cube.

MED = minimum effective dose; e.g. MEDg,
minimum effective dosage for 95%: of
the test subjects. See ED.

Medium In reference to a route of application,
indicates that the toxicant or drug is
applied to the test subject by way of
the environment or surrounding ma-
terial, for instance, application of a
toxicant or drug to a fish by dissolving
or suspending the substance in the wa-
ter in which the subject lives.

meg/k = milligram(s} per kilogrami(s) of body
weight.

Min, min. = minute(s).

Mixt,, mixt, = mixture,

MLC = mihimum lethal concentration,
namely, that least amount of 2 mate-
rial in selution in 3 liguid, as a solid
in a solid dileent, as a gag or vapor in
air, which will vield, on appropriate
expusure, the death of at least one in-
dividual of the tested group of subjects,

MLD = minimum lethal dose, i.e., the
smallest of 2 series of graded doses
or amounts which will kill one individu-
al of a group of test subjects.

= the least dose or amount of a sub-
stance which when given to each of a
group of subjects yields 100% mortali-
ty. An ambigucus concept which ap-
pears here and there in published data
under the designation MLD,, and
which is essentially equivalent to the
much clearer LDy, , ¢.v.

MLD,,,

mm = millimeter{s} or millimetre(s),

mm? = square millimeter(s) or millime-

ter(s) square.

mn?® = cubic millimeter(s) or millimeter(s)
cube.

a
mm HelX) Indicates vapur pressure in millime-

ters of mercury at the temperature
designated in the superscript. (Here,
for generalization, given as (xF .)

m.p. = meiting point.
MTD = minimum toxic single dose,
MTL = mean tolerance [imit{s).

NAIDM = National Asscciation of Insecticide
and Disinfectant Manufacturers.

no. = numberts), e.g., no, (number) of sub-
jects tested, no. (number) of tests, etc,



0C1
or

Oz

Pd, pd

Post-treat;

ppm

Pt{s); pils)

pwdr

PNS
R

Ref{s)

Rel.

Rel. Tox.

R.H.
Route

RR

= Official Control Insccticide.

= oral. Refers to the introduction of a
substance into the body of an animal by
mouth.

= ounce or ounces (16 ounces = one
American or English pound [as unit of
weight] ).

= period. Refers to a stretch of time,
e.g., test period, feeding peried.
post-treat = post-treatment, i.c., after
treatment.

= part(s} per million. Refers to con-
centration.

= pint(s). An English and American
vnit of volume. Two pints = one quart;
8 pints = one gallon.

= pewder or as a powder; in the pow-
dered condition or state.

= peripheral nervous system. See CNS.

= range. The lower and upper limits of
a series of values.

- reference(s), in the sense of pub-
lished data cited in the bibliography.

= relative. For example relative
toxicity, i.e., the toxicity of one sub-
stance with reference to another as a
standard and expressed as unity.

= relative foxicity.

= relative humidity.

= means or avenue of application of a
drug or toxicant to a test subject.

= railroad, e.g. railroad car, RR car.

SYMBOLS; ABBREVIATIONS; DEFINITIONS

sc = subcutaneous. Refers to the intro-
duction of & substance into the body of
an animal by injection directly beneath
the skin or integument.

S.E. = standard error. Used in the statisti-
cal sense.
sec, = secondary.

sensu stricte = in the strict sense or meaning,

So. = southern, e.g., southern army Wworm.

sol. = {as may suit or fit the context) solu-
bility, soluble, solution.

sp. = species (singular).

Spec., spec. = special.

spp. = species (plural).

Spray Refers to the application of a substance
in solution or suspension in a liquid
medium in the form of a cloud or mist
of droplets by using a suitable dispersing
apparatus or method. Also, by exten-
sion, used to indicate a substance suita-
ble for application by, or intended to be
applied by, spraying.

std. mix. = standard mixture.

Susp., susp. = suspension, in suspension, as a sus-

pension.

Tech., tech. = technical, in the sense of the techni-
cal grade of a substance. Connotes a
degree of chemical purity less than that
of a material degignated chemically
pure, or of reagent grade.

Temp, temp = temperature.

tert. = tertiary.

TLm = median tolerated limit.

Tolerance Limitg, = greatest dosage tolerated with
50% survival of a group of test sub-
jects large enough to have statistical

validity,

Topical With reference to method of application
or administration of a substance indi-
cates the placing of the drug or toxicant
directly upon the surface or integument
of the test subject(s).

Toxic C = toxic concentration.

Turnover When used as a characterization of
dose, indicates that amount of a drug
or toxicant which will cause a fish to
{loat in the water with the ventral sur-
face, or belly, uppermost.

v.v. = ultraviolet. Refers specifically to
ultraviolet (U.V.) light.

Veg. = vegetable (e.g., veg. cil).

v.p. = vapor pressure.

Vs., v8. = versus, against, used against,

Wett. pwdr. = wettable powder. Refers to a pow-
derad substance prepared in such a
way as to be readily wetted or sus-
pensible in water,

Wat. = weight

Wk., wk, = week(s).

Wt. = weight., See wgt.

yd = yard. An English and American unit
of length. One yard = 36 inches or
three feet.

yd? = square yard(s) or yard(s) square.

yd® = cubic yard(s) or yard(s) cube.






ACRYLONITRILE {Cyanoethylene; Propenenenitrile; Vinyl cyanide)

H H

] 1

Cll =C-C=N Molecular weight; 53.06
H

GENERAL (Also see Fumigants; Trichloroacetonitrile.)

Acrylonitrile is considered one of the best available fumigants for insects. It is effective against stored prod- 2629
ucts insects at concentrations of 0.7 - 1.4 lbs/ 1000 bushels. In the vacuum fumigation of tobacco at 1,25 lbg/ 616
1000 ft’, acrylonitrile is more penetrating than hydrogen cyanide, HCN, and almost as toxic. It has proved ef- 181
fective in fumigation of boxed products at 0.25 1b/1000 ft, As an effective “*spot-fumigant” it may be dispensed 353
as a liguid in suitable amounts into crevices, ‘“dead spots,” and in mill machinery where grain or flour may
accumulate.
PHYSICAL, CHEMICAL
A colorless, inflammable liquid; m.p. -82°C, b.p. 77.3 - 77.5°C; &% 0.797, d°%°0.801 (Liquid); d 1.8 (gas; air = 1),
%% 1.3885; v.p. 105 mm Hg™"; maximum existing as vapor in air at 68°F = 15 lbs/1000 it’; flash point 4°C, 32°F;
explosive mixture in air = 3.05% lower limit, 17% upper limit; solubility = 7.4 parts in H: O 100 parts, 3.4 parts
H:O dissolve in acrylonitrile 100 parts; miscible with most organic solvents; 1 mg/1 = 461 ppm, 1 ppm =0.002168
mg/l; 569 ce = 1 1b, 6,7 Ibs = 1 1.8, gal
TOXICOLOGICAL
Highly poisonous, Maximum allowable conceniration for man is placed at 20 ppm, The low vapor pressure 2221
permits the ‘‘spot™ use of acrylonitrile without wearing a respirator. Vapors are irritating, lacrimatory, self- 55
warning.
1) Toxicity for higher animals:
Animal Route Dose Dosage
mg/k
Mouse or LD >20, <72 2210
Mouse ip LDso 15 2210
Rat or LDso 93 (81 - 106} 29106
Guinea Pig or LDso 50 2907
Rabbit ct LDso 250 2807
Animal Route Dose Dosage Remarks
mg/1  ppm
Rat inh - LCse 1.1 500 4 hr exposure. 480
Rat inh MLC 1,38 635 4 hr exposure; death in 8 hr. 866
Dog inh MLC 0.24 110 4 hr exposure; death in 4 hr. 866
Monkey inh - — 90 4 hr exposure; transient effect. 616
Pin Perch* medium - — 20 deleterious, toxie, 690
*A marine fish.
PHARMACOLOGICAL, PHARMACODYNAMIC, PHYSIOLOGICAL,ETC,
1) Mode of toxic action:
a) Action is similar to that of cyanide, Evidence suggests the in vivo hydrolysis of acrylonitrile to inorganic 868
eyanide. Sodium nitrite, NaNO;, increases resistance to acrylonitrile and has been used as an antidote. 869
2) Symptoms of poisoning in man, higher animals:
a) Early symptoms in man are: Salivation, eye and nose irritation, skin flush, rapid respiration. 368,869
b} Other symptoms are: Weakness, light-headedness, headache, nausea, sneezing, abdominal pain, vomit- 2221
ing, unconsciousness, asphyxia and finally death.
¢) Lethal doses in animals yield a temporary paralysis and then convulsions as prelude to death. 868,869
PHYTOTOXICITY
1) Tests of acrylonitrile at doses as high as 12,5 lbs/1000 ft* using seeds of I3 common vegetables showed no 1200

harmful effects.
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TOXICITY FOR INSECTS

1) Cimex lectularius: Fumigation in 12 liter flasks at atmospheric pressure; exposure 5 hrs; temperature 25°C. 28622

Acrylonitrile alone Acrylonitrile + CCL {1:1)
(LCys - LCjo0} {(1Ces ~ LCuio0}
Nymphs 3 -4 mg/l 7.5 mg/l
Adulis <2.5 mg/l 7.5 mg/l
Eggs <2.0 mg/l 6.0 mg/1
2) Acrylonitrile vapor is only slightly less toxic than hydrogen cyanide, g.v., for Cimex lectuiarius. 2629
3) Toxicity for some stored products insects, exposed in the adult stage in empty fumatoria (100 ft*) at 70° F: 2005
Insect Exposure Time 2 Hours Exposure Time § Hours
LCso LCos LCso LCys
{mg/1) {mg/1) {mg/1) {mg/1)
Acanthoscelides obtectus 3.0 8.5 1.1 2.0
Oryzaephilus surinamensis 3.5 6.5 0.8 1.4
Rhizopertha dominica 2.5 4.0 0.8 1.4
Sitophilus granarius 4.5 8.0 2,0 2.9
Sitophilus oryzae 2.5 6.5 1.0 1.8
Stegobium paniceum 3.0 7.0 1.7 2.5
Tribolium confusum 6.5 11.0 3.0 4.9
Zabrotes pectoralis 2. 4.0 1.4 2.1
4) Comparative toxicity under conditions of empty flask exposure and exposure in the presence of whole wheat 616
grain; exposure time 24 hrs at 72°F and atmospheric pressure; adult insects: 2629
Insect Dosage for 100% Kill {mg/1)
in empty 20 1 flasks in 20 1 flasks with 0.5
bu of wheat
Sitophilus oryzae 1.6 8.0 (ca 0.7 Ib/1000 bu)
Tribolium confusum 5.0 16,0 (ea 1.4 1b/1000 bu)

a) In presence of wheat, a non-inflammable mixture of acrylonitrile and CCLy (1:1) is almost as effective at
similar dosages as acrylonitrile pure.

b} I treated wheat is milled without air washing, milling quality is unfavorably affected while baking quality is
improved. Acrylonitrile absorbed by wheat readily leaves under air washing.

¢} The killing action on ingects is prolonged for 5 hours after end of exposure in presence of wheat.

5) Dosages needed for 50% and 95% mortality of adult insects exposed 24 hrs in wheat at various depths, Wheat 2009
contained in 28 1 cans, 14.5 in. high, 12.5 in, diameter, 30 lbs whole wheat/can, spread 8 in. deep with free
space ahove grain surface of 6.5 in.; 80°F:

Insect Depth in wheat Dosage (mg/1)
for
LCs LCss
Sitophilus granarius surface < 2.6 < 2.8
2 in, 2.6 4.0
5.5 in. 4.0 6.8
Tribolium confusum surface 4.6 6.6
2 in. 8.2 13.6
5.5 in, 13.8 19.0%*
*0,67 ce/0.5 bu.
6) Acrylonitrile + CClL: {1:1) vs. Lasioderma serricorne {larva} exposed in baled Turkish tobacco at various 181
depths:
Dosage EXposure Temperature % Kill at Depths of:
oz/ 1000 ft® hrs °F 1in, 2in, 5 in, Tin. 8in. Control
18 72 71.1 100 90.8 83.6 84.8 86 8.8 E o
20 72 72.6 100 100 100 100 100 8 | &5
28 48 76 100 100 100 100 100 0 & 9
28 24 81 100 100 99.6 99.6 99.6 5.6 g &
32 24 76 100 100 100 100 160 3.2) 3 A
64 3 73 - 178 106 100 100 100 100 10.4
32 3 75 - 86 100 100 100 100 100 1.8 ;‘J b
24 3 72 -178 100 100 100 100 100 8.4| g =
20 3 73 - 82 100 100 100 100 100 2.4 & 5
16 3 70 - 79 99,4  99.7 99.7 100 100 8 g
12 3 0 -7 100 100 100 100 100 7.2 A
8 3 0 - 77 81 K| 66.9 70.4 63.1 6,



1. ACRYLONITRILE 3
7) Toxicity for naked eggs (23-26 hrs old) and 3rd instar larvae of Dacus dorsalis exposed 2 hrs at 71° - 80°F 255
in empty vessels:
Nitrile Eggs Larvae
LC 50 LC a5 LCS{) LC a5
mg/1 mg/1 mg/1 mg/1
Acrylonitrile 1.2 1.6 < 1.2 1.6
Acrylonitrile + CCL, (1:1) 3.7 11 1.7 4.9
Acetonitrile 44 75 >82.4 -
Chloroacetonitrile 1.2 1.6 < 1.3 < L3
a) For Tribolium c¢onfusum chloroacetonitrile is of the same order of toxicity as acrylonitrile, LCse for each, 2629
as fumigant, being: < 2mg/l. Chloroacetonitrile is less toxic than di- and tri- chloroacetonitriie.
8) Residual action; duration of toxic effect:
a} Flour, 3 in. deep, exposed in open dishes over baper wet with acrylonitrile at 2 ml/375 g flour yielded 2853
100% kills of adult Tribolium confusum, exposed at or below the surface, for 1 day and 50% - 100% kills
for 2 days.
9) Acrylonitrile and other nitriles compared for toxic effect vs. insects exposed for 24 hrs at 80°F and 70% - 615
80% relative humidity:
Nitrile Minimum Dosage Yielding 100% Kill {mg/1)
Sitophilus oryza (adult) Tribolium confusum (adult)
2-Chloroacetonitrile 0.6 1.2
2,2-Dichloroacetonitrile 0.68 3.4
2,2,3-Trichloropropionitrile 0.7 2.1
ACRYLONITRILE 0.8 1.21
2-Chloroacrylonitrile 1.0 1.63
Trichloroacetonitrile 1.43 4,29
2,2,3,4-Tetrachlorobutyronitrile 1.46 2.19
2-Chloropropionitrile 1.6 7.49
3-Chloropropionitrile 1.7 2.28
2,2,3-Trichlorobutyronitrile 1.98 1.98
2,2,4- Trichlorobutyronitrile 2.0 2.72
2,2-Dichloropropionitrile 2.42 6.05
2,3-Dichloroisobutyronitrile 3.63 4.84
4-Chlorobutyroenitrile 4.4 3.3
3-Chlorobutyronitrile 6.9 6.42
Isobutyronitrile 7.61 11.4
N-Butyronitrile 7.96 7.96
2,2-Dichlorobutyronitrile 11.7 11.7
Propionitrile 11.9 27.4
Acetonitrile 27.4 27.4
2-Chloroisobutyronitrile B4% 8+*
*No kill at this dosage,
10) Aromatic nitriles:
-C=N . .
a) Benzonitrile, @ , acts as a stomach poison but not as a contact poison for insects. 356,351,3055
-C=N
b) o-Dicyanobenzene (phthalonitrile), @—C = v i8 a highly toxic stomach poison for caterpillars and 2127
dipteroug larvae. m-Dicyanobenzene is non-toxic for insects.
c} Toxicity increases from benzonitrile to phenylacetonitrile thereafter decreasing to phenylpropionitrile 2884
to increase again, with desaturation, to styryl cyanide. Cyclohexenylallyl-acetonitrile is potently toxic 918
for lice, The chlorination of benzonitrile at the para- position yields good louse-killing compounds. 2179
3032
d) Toxiecity of aromatic nitriles for some insects: 351,353,356
Nitrile 1Cso , PPM LD, (contact)
ug/cm
Musgca, Sitophilus Blattella Oncopeltus
Benzonitrile 400 1700 0 0
Benzyl cyanide 310 680 35 0
0-Chlorobenzyl eyanide 270 580 55 0
p-Chlorobenzyl cyanide 640 200 80 320
2,4-Dichlorobenzyl cyanide 550 110 430 0
3,4-Dichlorobenzyl cyanide 750 590 100 0
B -Phenylpropionitrile 780 940 105 0
Styryl cyanide 1300 107 120 )
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ALDRIN (1, 2, 3, 4, 10, 10-Hexachloro-1, 4, 4a, 5, 8, 8a-hexahydro-1,
4-endo,-ex0-5, 8-dimethanonaphthalene; HHDN; Octalene;
Compound 118.)

Molecular weight 365

GENERAL

Aldrin is an insecticide of the cyclodiene group, a family of highly chlorinated cyclic hydrocarbons, among which
in addition to aldrin are: Chlordane, dieldrin, endrin, heptachlor, isodrin and toxaphene, q.v.

PHYSICAL, CHEMICAL

When highly purified, a crystalline, colorless solid; in commercial or technical grade, a buff, tan, or brown, 2812
waxy solid above which when in bulk at > 77°F small amounts of supernatant liquid may be present; not flammable;

m.p. (pure) 104°C, m.p. {commercial grade) not < 90°C; v.p. 6 x 10-®* mm Hg?*°C (less volatile than lindane,

g.v., above 32°C, more volatile than lindane below 32°C); insoluble in H; O; soluble in most organic solvents

(most paraffinic, aromatic, and alkylated solvents holding at least 2.0 lbs of technical aldrin per gallon):

Approximate solubilities at T7°F, 25°C

Solvent % (wt) in g/100ce Solvent % {wt) in g/100cc
saturated sol. solvent saturated sol. solvent
Acetone 58 66 Kerosene 26 24
Amyl acetate 31 30 Methanot 6 4
Benzene 67 83 Methylcellosolve 13 14
n-Butanol it 9 Methylethyl ketone 26 24
Carhon tetrachioride 66 105 Pentane 3 3
Deobase il 18 16 Summer Diesel 26 25
Dipentene 57 81 Toluene 75 98
Ethanol i 5 Turpentine 60 70
Ethylene dichloride 72 104 Winter Diesel 32 31
Fuel oil 26 25 Xylene 73 92
Isopropyl alcohol 5 3 Water < 0.1 ppm -

Odor (technical grade) is mild, ‘‘chemical,”” pine-like on heating; density = 13.0 - 13,8 lbs/gal at 68°F, ca

97 lbs/ft*; aldrin content of technical product = 82% by wt (minimum) of which 95% is pure product; free acid

< 0.1% by wt as free HCl; emulsibility potential good; stable in storage and in presence of alkalis, weak or
dilute acids, metallic chlorides; persistence of toxic residues is less than in any other chlorinated insecticide
except lindane; compatible with most available agricultural chemicals including fertilizers, herbicides,
fungicides and other insecticides; may be used in presence of alkaline soils, lime, lime-sulfur, Bordeaux mix-
ture-and other basic materials; unaffected, unless acidity is below pH 3.0, by combination with acid insecticides,

Formulations: Wettable powders (aldrin 20% - 40%), dust concentrates (aldrin 75%), granules (aldrin 1%- 25%),
emulsifiable concentrates {aldrin 2 lbs/gallon), dusts of low aldrin (%) content,

Residues on crops: Said to be low, < 0.1 ppm at harvest, if used in strict accordance with directions.

TOXICOLOGICAL

1} General remarks: Acute toxicity is relatively high. Aldrin is absorbable via the gastrointestinal canal, by 2812
inhalation, and through the skin, the last constituting the greatest occupational hazard. 2345
2) Recommended precautions: 2345

a) Special training of spraying workers,

b) Use of protective clothing, rubber gloves, respirators in mixing and handling of concentrates.
¢) Avoidance of spray rebound.

d) Daily, thorough shower baths for mixing-plant and spraying workers.

e) Immediate and complete washing of contaminated skin,

f} Prevent contamination of all food for men and animals,

4



3) Acute symptoms:
a) Man: Hyper-irritability, depression, vomiting and nausea, headache, convulsions {onset in 1-4 hours),
coma, Death within 24 hours.

b) Mammals: Central nervous excitation with reflex excitability, convulsions, bradycardia, vaso-depression,

miosis.

2, ALDRIN

4) Chronic toxicity: Nature of symptoms unknown for man, In animals symptoms are: Loss of appetite and

weight, nervousness and irritability.

5) Acute toxicity for higher animals:

Animal
Rat
Ratd”

Rat¢
Rat

Rat

Rabbit

Rabbit
Rabbit
Chicken*
Chicken**
Goldfish
Goldfish
Goldfish
Goldfish
Minnow
Minnow

Route Dose Dosage

or LDsg 67 mg/k

or LDg 54.2 + 6.2 mg/k

or LDso 56.0 + 5.3 mg/k

or LD 10 mg/k

or LDso 44 mg/k

ct 15-25 mg/k

ct LDsu <5 mg/k

ct LDso < 150 mg/k

or LDg 10 - 15 mg/k

or LDso 25,5 mg/k
medium LCw 0.032 ppm
medium LCs .02 ppm
medium I1Cie .01 ppm
medium Turnover .05-.1 ppm
medium c .01 ppm
medium ICso .018 ppm

*3 and 6 weeks old.

**] week old.

6) Toxicity for higher animals; feeding experiments:

Animal

Rat

Rat

Rat

Rat

Rat

Dog

Dog
Dog
Chicken
Mouse

Dosage

5 ppm
25 ppm
50 ppm
5 ppm
25 ppm

0.5 mg/k/day
1.0 mg/k/day
5.0 mg/k/day
25, 50, 100, 200 ppm

50 ppm

7) Sub-chroni¢ and chronic toxicity:

Feeding Period

6 months
6 months

109, 344 days
21, 22 days

2 weeks

Remarks

As aldrin (2.5% wett. pwdr. Strauss
process),

As aldrin (2.5% wett. pwdr. thermal
process),

2 min, immersion, wett. pwdr. formula-
tions yield anorexia, nervousness,
wild activity, spasms lasting 3-10
minutes.

As repeated, daily exposures.

Single, acute exposure to dry aldrin.

In acetone; death in 12 hrs-5 days.
10 day exposure, 20°C, 15 1 aquaria.

"o " tron L1}

(Il " L1} LI ] "

24 hrs exposure.
For some individual subjects.
10 day exposure in 15 1 aguaria.

Effect

None.

Liver damage,

Gross effects.

Aparently normal.

None,

No deaths.

Death of 2 test animals at days stated.

Death of 2 test animals at days stated.

100% kill of 3 and 6 week olds.

Hyperexcitability, ‘diarrhoea, tonic con-
vulsions, death, Liver enlarged with
hypertrophy and cloudy swelling.

a) General: Calves over-wintered successfully when fed on hay sprayed at rate of 1 lb/acre; cows gave
aldrin-free milk when fed on hay sprayed at rate of 0.5 lb/acre.

b) No harmiful effects were noted among workers in aldrin manufacturing planis when proper precautions
were followed.

¢} Sub-chronic toxicity in chickens 1 week old at start of exposure:

Concentration

ppm

50

25

12.5

6.25

0.0
LSD* 5%
LSD 1%

Mean

Kill (%)

W

Mean wt Gain

Mean Food Con-

Survivors at Twk  sumption g/bird

=

709.1
814.9
855.3
851.6
842,9

52.1

69.0

*Lcast Significant Difference,

2.

1 week 2 week

611.9 126.7 184,1
679.3 138.7 199.9
688.6 155.3 200.5
691.9 131.7 189,9
703.6 133.4 191.6

43.7 36.7 37.3

57.7 50.5 51.4

Conversion
Efficiency
to 3
wk age

2.16
2,06
2,18
2.08
2.01
1.17
1.61

129
2221
2231

353

2231
169
169

169

169

1713
1952
1952

111
2824

828,100

828,100

828,100

828,100

828
828

1953
1953
1953
353
129
1953
1953
1953
111

5

353
2548

2825
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8) Toxicity for wild birds, Quail and Pheasant, subjected to feeding tests, with 10 birds tested at each dosage

level:
a} Adult birds:
Bird Aldrin Fed Aldrin Consumed {mg7%) Kill Survival
% PPmM daily total % Time (days)
Quail 0.5 5000 12.0 46.4 100 4
" .25 2500 11.8 46.3 100 4
" 125 1250 5.5 20.8 100 4
" L0625 625 2.2 9.1 100 4
" .01 100 0.7 3.3 100 5
" 005 50 1.9 9.7 100 5
" 001 10 0.9 7.3 100 8
" 0005 5 0.5 20.0 100 42
Pheasant o ¥ 01 100 1.7 13.8 100 8
" g .01 100 1.4 50.4 100 36
Quail Control** - - — - 4.1 154
Pheasant ' ** - - - - 3.6 100
*5 subjects of each sex.
**96 quail, 108 pheasanis.
b) Young birds, continuous feeding:
Bird Number Age at Start Test Length Aldrin in Diet Aldrin Consumed (mg/k) Mortality
days days (%) daily total (%)
Quail 10 1 6 0,002 0.62 3.3 100
H 40 1 13 001 1.21 5.7 100
" 17 16 37 .0005 .32 11.1 100
" 10 1 47 0001 .08 5.6 100
" 32 15 0 .0001 07 5.8 68.8
" 20 1 14 .0001 .11 1.5 60
Pheasant 20 1 46 .0005 .58 27,2 100
Quail Control 200 1 120 - - — 28.5
Pheasant " 200 1 120 - - - 31.5
c) Effect of aldrin on reproduction in quail:
Birds % Aldrin Eggs/Hen/Day % % % Chicks Surviving
in Diet Fertile Hatch 1 wk 3 wk 12 wk
Experimental 0.001 0.08 85.7 83.3 100 80 76
Control 0 .53 88.6 82.3 20 817.5 78.3
d) Toxicity of aldrin for young Quail; intermittent feeding; 28 day interval between tests:
Birds Aldrin Initial Feeding Second Feeding
(%) Duration Consumed Mortality Dura- Consumed Mortality
(days) {mg/k) (%)  tion (mg/k) (%)
daily total {days) daily total
Experimental 0.001 14 0.105 1.47 58.8 7 0.016 0.86 100
Control 0 ki - - 4,0 - - — -
" 0 14 - - 4.0 - — - -
" 0 42 - - 22.0 - - - -
e) Effect of aldrin on growth and survival of young Quail: _
Test Weeks Controls Aldrin in Diet; 0.0001 %
Survival Weight Survival Weight
(% (g) (%) ()
1 96 16 94 12
2 96 26 04 23
3 96 50 94 38
4 90 70 94 51
5 82 20 94 70
6 78 110 94 94
7 78 124 94 105
8 78 130 t] -
9 78 153 - -
10 8 163 - -

780
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f) Effect of aldrin fed to Quail in winter maintenance diet: - 781
Birds Aldrin in Diet Duration Mortality Aldrin Consumed
{ppm) (days) (%) {mg/k)
daily total
Experimental 1.0 101 100 0.09 8.1
" .0 127 97.5 04 5.1
Control 0 162 8.7 0 0
g) Effect of aldrin fed to Quail, Pheasant during growth: 781
Birds Aldrin in Diet Duration Mortality Aldrin Consumed
{ppm) {days) (%) (mg/k)
daily total
Quail 50 6 100 1.4 8.4

" 20 8 100 1,2 9.6

" 10 13 100 .9 11.1

" 5 28 100 .6 15.4

" 1 42 100 .2 7.1

" 1 41 100 .1 9.0
Quail Control ¢] 120 24 0 ]

Pheasant 20 5 100 1.8 9.0
" 5 46 100 T 31.3
Pheasant control 0 103 28 0 0
h) Effect of aldrin on reproduction in Quail, Pheasant: 781
Bird Aldrin in Diet (ppm) Mortality Eggs/Hen Fertile Hatch Surviving (%)
winter reproduction (%) (average) (%) (% 2 wk 6 wk
Quail 0.5 0 25 61 79,4 67 100 7.8

" .5 .5 100 — - — — —

" 0 1.0 25 40 g1 87.3 92,5 77.8
Quail control 0 0 6.25 52 89 83.9 88.9 83.3
Pheasant 0 i0 100 8 85.7 30 62.5 62.5

" 0 2 40 35 66.7 39.1 53.3 48.7

" 0 1 20 40 86 55.6 95.5 81.8
Pheasant control 0 0 0 48 86.6 57.4 94.8 89.7

i) Toxicity of aldrin and other compounds for Bobwhite Quail and Mourning Dove compared; given orally in 679
gelatin capsules:
Compound Quail Dove
LDs MLD Av. Wgt Loss Av. Life LDs MLD Av. Wgt 1oss Av. Life
(mg/k) (mgk) (%) (days) (mg/Kk) {mg/k) %) (days)
Aldrin 4.0- 4.5 4 15 3 15-17 12.5 18 4.5
Dieldrin 12.0-14.0 10 20 4 44-46 40 15 3
Toxaphene 80.0-100.0 40 25 3 200-250 100 22 3
Lindane d 120.0-130.0 25 3 200 10 2.5
Lindane ¢ 190.0-210.0 120 25 g 9%850-400

9) Pharmacological, pharmacodynamic, physiological, ete.:

a) Aldrin, by any route of entry, is a central nervous system stimulant producing hyper-irritability, con- 2812
vulsions and/or coma,

b) Nausea, vomiting are usual signs but may not follow very large and rapidly absorbed doses. 2812

¢} In mammals, increased reflex excitability, convulsions, bradycardia, vasodepression, miosis have been 1238
noted as a consequence of CNS stimulation. 2231,1237

(1) Apparent potentiation of acetylcholine action on heart, intestine occurs.

{2)No evidence exists of a direct effect on choline esterase.

(3) Parasympathetic effects are antagonized partly by atropine and barbiturates.

{4) There is increased sensitivity of spinal centers to acetylcholine without any effect on isclated tissues.

{5) Parasympathomimetic by central stimulation of vagal centers rather than by peripheral stimulation.
d) Aldrin induces liver enlargement, hypertrophy, cloudy swelling and volume increase in hepatic cells, 222115
¢) Aldrin accumulates and is stored in body fat. 2571

(1) Catile, fed diets with 25 ppm aldrin, showed 49 ppm in fat after 28 days, 78 ppm after 56 days.

(2) Sheep, fed diets with 25 ppm aldrin, showed 60 ppm in fat after 28 days, 78 ppm on the 56th day.

(3) Fed aldrin at 10 ppm, caftle, sheep showed in fat on 112th day respectively 49 and 55 ppm aldrin.

10) Phytotoxicity:

a) Aldrin is non-phytotoxic, non-systemic; does not, when properly formulated and applied, damage plants, 2812
Solvents may, under some conditions, for example addition of summer or dormant oils to aldrin-xylene 2120
concentrates, injure plants by reducing the rate of xylene evaporation. 129

b) Does not affect soil microorganisms even in excessive doses. 129
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c) At 100 lbs/acre no injury or inhibition of growth in field crops ccecurred.
d) More toxic, pound for pound, to crop plants than DDT, chlordane, toxaphene: less toxic than BHC, lindane.

11) Hazard to wild life:

a) Aldrin is hazardous to {ish in ponds and lakes.

b} Extremely hazardous to honeybees when used on blooming plants.

¢} A hazard to wild birds is suggested by the experiments on Quail and Pheasant quoted above.

12

~—

Toxicity for insects:

a) Aldrin is a general insect poison, active as a contact and stomach toxicant, It yields neurotoxic symptoms

only after a latent period.
b) Quantitative:

Insect*

Apis mellifera
Blabera fusca
Blabera fusea
Blattella germanica ¢
chlordane-8 strain

" tr e

chlordane-R strain**

" "

Chrysops discalis
Chrysops discalis
Melanoplus differentialis

Melanoplus differentialis
Melolontha melolontha
Melolontha melolontha,
Musca domestica

Musca domestica

Musca domestica

Musca domestica DDT-8
Musca domestica Bell flower
Musca domestica Pollard

Route

or
inj
inj

inj
inj
inj
inj

topical
topical
topical

or
contact
contact
topical

contact spray

topical
contact
contact
contact

Musca domestica (larva, 3 Instar) or

Oncopeltus fasciatus
Oncopeltus fasciatus ¢
Oncopeltus fasciatus ¢
Oncopeltus fasciatus ¢
Oncopeltus fasciatus ¢
Protoparce sexta (5 star)
Protoparce sexta (5 Instar)
Periplaneta americana
Aédes dorsalis (larva)
AZdes dorsalis (pupa)
Anopheles quadrimaculatus
{larva)
Anopheles quadrimaculatus
{larva)
Rhagoletis completa
Dacus dorsalis

*Adult unless otherwise noted,
**Corpus Christi strain.
***Degree of resistance.
tMaximum toleraied dose.

topical
inj
inj
inj
inj
topical
topical
topical
medium
medium

medium
medium

topical
topical

Dose Dosage

LDss 0.25 pg/insect
MLD<7da 1.3 ug/g
MTDT 2.8 ug/g
EDsa 26,46 ug/g
LDgo 70,06 pg/g
LDso 127.61 pg/g
LDso 1113.8 pg/g
LDs 0.04 mg/fly
LDQ{) Q. 17 mg/fly
l:D50 1.8 [Jg/g
LDso 2.3 vg/e
LDs 5da 2,7 ug/insect
LDso 5da  >6 ug/insect
LDso 1.6, 1.7 ug/p
LCs 24 hr  0.058 mg/cc
LDse 0.032 }Jg/ﬂy
LDs; 24 hr  0.076 pg/fly
LDso 24 hr 0,78 pg/fly
LCs0o 430 pPpm
LDgo 10.3 pug/g
LDso 24 hr 4,5 pg/g
LDsp 48 hr 2.5 p.g/g
LD95 24 hr T2 ,Ug/g
LDgs 48 hr 43 ug/g
LDso 487 ug/insect
LDgo 1359 pg/insect
LDso 1.0 ug/e
ICiwo24 hr 1 ppm
LCs 24 hr 1 ppm

0.025 ppm
ca LGy 0.01 ppm
LDso 0.06 ug/fly
LDs, 0.015 pg/fly

¢} Toxicity measured as pounds of aldrin per acre:

Anthonomus grandis

Anthenomus grandis
Sphenarium purpurascens:

LDso

LDs,

1.1 lbs/acre

food plant.
contact action; insect dusted.

2.7 Ibs/acre

Field tests on corn, 0.35 lb/acre as a 1.0% dust showed 77.8 (69-88)% kill
after 12 hrs, 97.8 (95-100) %kill after 24 hrs.
Field tests on corn, 0.82 lb/acre as a 2.5% dust showed 88.6 (83-96)% kill
after 12 hrs, 99.6 (99-100)% kilt after 24 hrs,

1635
294
828
3099
780,781
353
2812
Remarks
910
In acetone-triton. 1986
In acetone-triton, 1986
431
431
LDs; chlordane-R = 4,89k
L5 chlordane-S :
LIy chlordane-R - 15.80%%%
LDy, chlordane-8 ) 431
Estimated LDs,. 2707
In dioxane, acetone,  3266,3267
ethanol.
Fed as deposit on leaves. 3266,3267
Rel.Tox. 25 BHC tech=1. 3184
" 1" < .4 n il T 3184
Turntable, Peet-Grady, 2033
no KDy min at LCs 24 hr. 2692
371
37
371
Aldrin mixed in medium, 666
2231
6.9 x as toxic as DDT. 348
4.6 X L] " Ll rt 348
14'5 x 1" " " 1 348
10.2 x ir " r 1" 348
av. wgt 5.4 (4.7-7.5)g. 1306
" " Li " 1" L4} 1306
1757
2282
2282
Lowest conc. for 1009 kill. 2020
2020
2692
2692
contact and stomach action on dusted 2276
2276
307
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Melanoplus differentialis (1st, 2nd Instar) LDs, 0,04 Ib/acre as contact emulsion sprays made from
misecible oil concentrates. In field tests 2 oz/acre, as sprays, give control
comparable fo chlordane, toxaphene at much higher rates. 0.3 lb/acre as

dusts gave complete control, comparable to chlordane, toxaphene at 1 Ib/acre.

d) Comparative fumigant action of aldrin and other compounds on adult Anthonomus grandis:

Compound LCs (mg/1)

Aldrin 12.9

Dieldrin 16.6

Chlordane 21.9

BHC (tech) 47,6, 59.2
a -BHC 467.3
B-BHC 1213.0
§=-BHC 778.2
¥-BHC 233.5

e} Toxicity of vapors, aldrin and some other ehlorinated hydrocarbons vs. various insecticide resistant and
non-resistant biotypes of Musca domestica. Toxicity measured as LTs, or time in minutes for 50% kills
with vapors at saturation in air.

Strain LTs {minutes)

Aldrin Chlordane Lindane Dieldrin
Non-R* <15 33 25 40
Orlando #1*¥ 23 69 58 110
LDD*** 158 347 173 550
Ballard**** 96 380 316 550

*A laboratory maintained strain without appreciable insecticide resistance,
**A strain exposed only to DDT, for which high tolerance developed, with some cross tolerance for lindane,
chlordane, dieldrin,
H**Strain isolated from a ““population’’ of flies uncontrolled under dairy conditions by DDT, lindane, dieldrin,
in which resistance was maintained by constant exposure in cages to insecticide residues.

“¥*A wild strain from a dairy treated, with relative lack of effect, with space and residual lindane applications.

f) Comparative toxicities of aldrin and some other chlorinated hydrocarbons incorporated in a rearing
medium for Musca domestica larvae. Effect measured as% of adult emergence in exposed as compared
with control subjects:

Compound LCso 0.95 Fiducial Limits
{ppm) (ppm)

Aldrin 430 340- H95*

Dieldrin 450 355- 595%

Endrin 125 100- 160

Chlordane 1450 1100-1900

DDT 2300 1600-3300

*No statistically significant difference in toxicity between aldrin and dieldrin in these experiences,

g} Aldrin, 1%, in insecticidal baits with sugar or molasses base for fly control. Musca domestica adults
used as test insect.

Laboratory Tests Field Tests
% Knocked Down Or Dead In Degree Of Control After 24 Hrs
30 min 60 min 24 hrs
20 6 100 No effective control.

h) Aldrin toxieity for grasshoppers fed on cabbage leaves sprayed in the field 1, 3, 5 days before use with
4 oz aldrin/48 U.S. gallons,

Insect Days after Aldrin Dieldrin {2 oz/48 gals)
Spraying % Kill % Kill

24 hrs 48 hrs 24 hrs 48 hrs
73.9 100 96 100

Camnula pellucida % 84 100 78.3 95.4
83.4 100 95.5 100
45.8 86.5 87.5 100
Melanoplus bivittatus 5 40 100 64 106
31.8 96 67.9 100
1 h2.2 78.3 82.7 100
Melanoplus mexicanus & 1 79,2 61.5 96
15.4 85.4 96.3 100

1102

2276

3320

666

1915

2281
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i) Aldrin toxicity for adult Anasa tristis by topical application in acetone solution, Kill measured at 72 hrs.

Dosage Kill
(ue/e) [¢3)
64 93.3
128 100
258 100
512 100

(1) Only parathion and lindane gave superior results,

(2) Kills after 30 min. exposure on surfaces treated 7 days before test with insecticide at 100 mg/ft*:
0 for 24, 48, 72, and 96 hrs. Dieldrin, parathion, lindane, heptachlor gave superior results in that
order. Dieldrin only yielded 100% kill 96 hrs, after exposure.

j) Aldrin toxicity in laboratory tests vs. Aédes dorsalis, ABdes vexans:
Kills measured at end of 24 hrs, exposure in distilled water with added aldrin at 75°F,

Stage Concentration Mortality (%)
Larva 1 ppm 100

Larva 1 part in 2 millions 96.9
Larva 1 part in 10 millions a5

Pupa 1 part in 2 millions 30.4
Pupa 1 part in § millions 34

k) Toxicity of aldrin in sprays for 3rd instar Leptinotarsa decemlineata:
Sprayed at 10g/1001, 76g/hectare 88 % survival at 24, 72% at 48 hrs.
Sprayed at 20g/1001, 136g/hectare 32% survival at 24, 22% at 48 hrs.

1} Aldrin toxicity for adult Sitophilus granarius in contact with residues on filter paper treated with aldrin
in acetone 48 hrs. before exposure of the insects:

Conceniration (%) Survival {%)
0.5 0
05 4]
005 100

(1) On paper treated 6 months before exposure of the insects:

Concentration (%) Survival (%)
0.5 44
05 96

m) Aldrin vs. Prodenia litura, the most injurious pest of cotton in Egypt:

{1) As 2.5%, 5% dust on plants bearing eggs of Prodenia, aldrin yielded 100% moriality of all new hatched
larvae in 18 hrs, and of larvae of all ages in 24 hrs.

(2) Used alone, aldrin, by destruction of beneficial predators, has led to high increase of red spider and
aphid infestations. The disadvantage has been overcome by applying aldrin in a dust at 2,5% with
parathion at 1% The combination yielded 100% kills of eggs and hatched larvae of Prodenia.

(3) The action against larvae of 2.5% dusts of dieldrin is slower, but 100% kill is achieved.

13) Speed of toxic action of aldrin and other compounds vs. Macresiphum pisi on young Vicia faba plants,
Insecticides applied as talc base dusts by the dusting tower method:

Compound Concentration Temperature 50% Kill at 98% Kiil at
%) (°F) hr min hr min
Tale {control) - 687-72 13 28 23 51
Toxaphene 5 72 13 20 19 1
Chlordane 5 72 9 24 18 8
EPN® .86 74 5 26 8 8
Dieldrin 1 75 4 7 6 43
Aldrin 1 75 3 44 ki 32
j31515) 5 T2 2 34 4 35
Methoxychior 10 75 2 1 5 34
Parathion 1 T0 1 8 1 43
Parathion 2 70 1 21 1 53
DDT 5 72 0 57 1 45
Lindane 1 72 0 56 1 54
Rotenone* 5 72 1] 47 1 23
TEPP** .18 T4 0 20 0 56
Nicotine 1 T2 ] 15 1 12
Nicotine 3 72 0 12 [} 50

*Hotenone 5%, other extractives 10%.
**Tetraethyl pyrophesphate,

3376

2283

1586

1986

930

520
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14) Toxicity of aldrin and other compounds compared:
a) Vs, Cirphis unipuncta larvae,¥ 3268
Compound As Topical Poison As Stomach Poison LDy
LDso Ratio to LDso Ratioc to LDse
(ug/g) Parathion (ug/g) Parathion Topical Stomach
Aldrin 19.8 5.4 11.4 4.6 3.7 24.7
Parathion 3.7 1.0 2.5 1.0 3.4 8.5
DDT 193 52,2 45,7 18.3 4,7 22,8
Chlordane 117.5 31.6 78.2 31.3 4.9 4.7
Toxaphene 56,2 15.2 34.1 13.8 4.7 2.9
Lindane 28.1 7.8 27.9 11.2 3.2 5.1
Dilan 8.8 2.4 11.5 4.6 5.4 5.0
Dieldrin 8.3 2.2 4.6 1.8 3.1 3.8
*The fastest kill was given by parathion, followed in order by Dilan, lindane, DDT.
b) Vs. Anasa tristis in laboratory tests, Topical application of toxicants in acetone solution to adult Anasa: 3376
Compound % Kill in 72 hrs at Action Rate at Least Topical Dose
32ug/e  B4ug/g 128ug/e 256ug/g 512ug/g Yielding 90% or > Kill in 72 hrs
pg/g 12hrs 24 hrs 48 hrs 72 hrs
Kill
Parathion 100 100 100 100 100 6 3.3 33.3 6.7 90
Lindane 83.3 100 100 100 100 64 - 80 100 100
Aldrin - 93.3 100 100 100 64 - 23.3 6.7 93.3
Endrin —_ - 100 100 100 128 6.7 20 80.7 100
EPN® - - 100 100 100 128 10 26.7  76.7 100
Heptachlor - 83.3 90 100 100 128 10 50 80 80
Isodrin - - 90 100 100 128 [} 10 63.3 90
Dieldrin — — 70 100 100 256 0 70 96.7 100
Chlordane — - 36.7 80 90 512 —_ 6.7 73.3 90
Toxaphene - - 16.7 66.7 82 — - - — —
DDT - — 20 30 76.7 - - - — —
Aduit Anasa mortality after 30 min exposure to surfaces insecticide treated 7 days before at 100 mg/ft%
% Kill in
Compound 24 hrs 48 hrs 72 hrs 96 hrs
Dieldrin 30 80 80 100
Parathicn 10 10 20 40
Lindane 10 20 20 20
Heptachlor 0 10 20 20
Aldrin 0 0 0 0
¢) Comparative toxicity vs. Apis mellifera; various routes of application and exposure: 1718

Oral Dose, ug/Bee,to Yield Contact Spray Dose, ug/em®, Effeet of 1 hr Contact With

Effect of Residual

% Kill Shown in 24 hrs to Yield % Xill Indicated Residual Dry Films Film Vapors
20% 50%  90% 20% 50% 90% % Kill pg/em” Field Av. 1 hr Exposures
- - - - - 24 hrs Dose oz/ %Kil ;}i_g7cm2
pg/em® acre 24 hrgs Dry Film
Parathion 0.018 0.04 0.144 0.257 0.354 0.574 90 0.54 1.4 2 100 5.0
10 .18 0 2.8
TEPP 052 065 .093 .358 L445 621 8 .22 5.6 8 0 5.5
Lindane 026 079 .346 SN2 .851 986 100 .28 2.8 4 100 .44
0 074 0 .28
Dieldrin .223 .269 .354 388 .72 1,052 a0 .09 1.4 2 100 .28
10 .04 0 074
Aldrin 181 .239 .365 327 562 1.274 75 .09 1.4 2 100 .74
0 .04 0 074
Chlordane 831 1,122 1.730 3.802 5.0 7.58 100 3.4 11.2 16 100 3.9
i2 .90 0 .37
Systox® 1.256 1,478 1.884 4,321 5.123 6.619 50 10.0 — — 0 18.5
22 6.8
Dimefox® 1.25 1,905 3.506 186.52 23.17 38.64 0 50.0 — — 0 4.0
Toxaphene 25.12 30.81 80.17 36.73 44,67 59,92 9 110.0 16.8 24 0 70,0
15) Mode of action and other effects in insects: 0 40.0
a) Physiological effects: Superficially DDT-like; neurotoxic symptoms follow a pronounced latent period. 2231

As with DDT, hyperexcitability, agitation are succeeded by inability to coordinate movements, paralysis

and death,
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(1) Elicits repetitive discharge (action potential) in Periplaneta nerve.

(2} 10 1ig, by injeciion in Blattella germaniea; after a 2-3 hour latent period, induced a sharp, rapid rise in
oxygen consumption (from 0.5 to ca 3 mm?®/min/insect}). The peak of respiration was reached ca. 5
hours after injection. Insect remained passive during latent period.

(3) The temperature coefficient of toxic action (in contrast to DDT) is positive. Greater mortality of
Musea, exposed continuously to residual deposits, occurred at 90°F than at 70°F. The reverse was
true for DDT, DDD, methoxychlor.

(4) More toxic for Blattella held at high post-treatment temperatures than at lower temperatures. This
is in contrast to DDT, lindane, pyrethrins.

b) Biochemical conversion of aldrin to dieldrin in the insect and mammalian body is suggested.

(1) Dehydrochlorination is not, apparently, the toxic mechanism.

16) Fate of aldrin and dieldrin in the animal body. Recent experiences by Bann, J. M., et al., Journal of Agri-
cultural and Food Chemistry 4 (11): 937, 1956.*

(1) In beef and dairy cattle, pigs, sheep, rats, poultry and presumably in all animals, aldrin undergoes
ready, rapid and fairly complete epoxidation to dieldrin.

(2) The above appears to be independent of the site of aldrin entry as it follows intake by the oral and the
subcutaneous route,

{3) The dieldrin thus formed (and presumably dieldrin taken into the body as such) is stable and is stored
unchanged in the body, being recoverable from milk, butter, cream, eggs and tissue {at.

EXPERIENCES IN THE CONTROL OF INSECTS OF ECONOMIC IMPORTANCE IN THE FIELD USING ALDRIN

a) Suggestions of the manufacturer:

(1} As emulsible concentrate 0.07-0.25 Ib aldrin/acre effective vs. boll weevil, cotton leafworm,
tarnished plant bug, southern green stinkbug, grasshoppers, fall armyworm, rapid plantbug, cutworms
(certain species), thrips {certain species), loopers (certain species).

(2) As a wettable powder, (.25 lb aldrin/Ib, effective vs, wireworms of tobaceo, tomatoes, potatoes,
sweet potatoes, sugar cane, corn, sugar beets, and small grains at 12 Ibs/acre; white grubs of sugar
cane at 20 lbs/acre, of beets, corn, grains at 12 1bs/acre; sugar beet maggots at 12 Ibs/acre; peanut
rootworms at 8 Ibs/acre; corn rootworms at 4 lbs/acre; Anomala beetle of pineapple at 10-20 Ibs/acre
before planting.

(3) As aldrin granules, aldrin 2%, vs. Japanese beetle grubs, European chafer grubs, white grubs, June
beetle larvae, lawn chinch bugs, turf ants at 150 1bs aldrin/acre, 1 1b/300-400 ft*,

{4) As aldrin-fertilizer mixture, 0.5% aldrin, vs. corn rootworm, at 200 Ibs/acre {actual aldrin 0.5-1.0 Ib/
acre).

{5) Effective vs. cotton pests at 4-6 oz/acre, vs, grasshoppers at 2-3 oz/acre, vs, soil pests at 0.5-6 Ihs/
acre.

b) Other data:

{1} Commercial control, Diabrotica longicornis, obtained at 1 Ib aldrin/acre on ridge planted corn by 3
procedures, on surface-planted corn by I miethod.

(2) Effective in field control of Trombiculid vectors of scrub typhus.

{3) Superior to DDT in control of elatrids, scarabeids.

(4) Gave 98% control, Melanoplus leukinus, over 40,000 acres sprayed at 2 oz aldrin/gallon/acre.

(5} Outstandingly effective vs. grasshoppers at 2-4 oz/acre.

(6) Twice as toxic as chlordane, which is more toxic than DDT, vs. Blissus hirtus in turf.

(7) As 2.5% dusts, superior to DDT 10% dusts vs, Thrips tabaci,

(8) Effective {but with residue danger} vs. cabbage maggot.

(9) 10 times as effective as DDT vs. Dacus dorsalis.

(10) More effective than Parathion vs, Popillia japonica grubs.

(11) Equal in 0.025% suspension to DDT in 0.1% suspension vs. Leptinotarsa decemlineata.

(12) Effective vs. ants; better than chlordane vs. Lasius niger, L. exsectoides.

{13) 5 times as effective as chlordane (tech.) vs. Musca domestica; lacks KD power.

{14} Effective vs. Stomoxys species.

(15} At 0.75 1b/100 gal., 70% direct, 74% residual reduction of Pyrausta nubilalis yielded.

(16} Ineffective vs. Empoasca.

(17) Less effective than DDT vs, corn earworm.

{18) Compares unfavorably with DDT vs. Simulium larvae.

EFFECTIVENESS DATA FROM SCREENING TESTS

1) Methods of testing to be found in the reference given.
a} Vs. adult lice: Effective on cloth for 31 days or more with mortality.
b} Vs. louse eggs: 0-50% kills with 5% solutions.
¢) Vs. body louse: KD action complete in 1 hour on impregnated pads.
d) As mosquito larvicide:
(1) Vs. Anopheles quadrimaculatus gave 35-100% kills at 0,01 ppm.
(2) Vs. ABdes aegypti, Culex quinquefasciatus gave 50-100% kills at 1 ppm.

1901
1441

1561

1305

2231

2812

2120

1997

3110
353
353

3266

2718

3303
353
483

2779

2779

2779

1152
921
675

2280
158

1549

1801

*Attention was drawn to this paper too late to permit its inclusion in the alphabetic, cumulative bibliography
of this work.



2. ALDRIN 13

e) As a space and residual spray vs, flies, mosquitoes:
{1} Space spray vs. flies gave 50% or more kills with 1% solution.

@ "

vs. Abdes aegypti gave 10-49% kills with 2% solution.

(3) Residual vs, flies, Aedes aegypti gave 80-100% kills after 1 week but less than 100% kills after 4 weeks,
f) As dusts vs. Blattella germanica gave 91-100% kills after 48 hours with similar results as a residue

treatment.
g) Vs, fleas:

(1) As dust vs. Ctenocephalides felis effective for > 10 days.
(2) Insecticidally ineffective on initial test, fleas not all down in 1 hour.

(3} Vs. Xenopsylla cheopis, ineffective in 1 hour insecticidal and ““KD** tests; as dusts effective for > 10

days.
h) Vs. chiggers, ticks:

(1) In insecticidal and “KD"’ tests, ineffective for ticks (not all down within 15 minutes).
(2} In insecticidal and ““KD** tests vs. chiggers all ““knocked down’ in 15 minutes; insecticidally effective
on initial test but ineffective after a 15 minute rinse.

i) Repellency:

(1) Ineffective after 1 day as flea and tick repellent on cloth.

ALLETHRIN

3

(DL—2-AlIyl-3-methylcyclopent-2-en-4-ol-1-onyl DL -
cis-trans-chrysanthemate; DL -Allylrethronyl DL -cis-
trans-chrysanthemate; DL -2-Allyl-4-hydroxy-3-methyi -
2-cyciopenten-1-one ester of cis-trans-DL -chrysanthe-

mum monocarboxylic acid.)

CH,
|
H C H H
HC H o NN, LT
i 1 - C C—C—C=cC
C c¢—c—o I AN
SN H H
HC C H:C Cc=0
HsC\
/C= C—H Molecular weight 302,4
H4C
GENERAL
A synthetic pyrethroid having insecticidal bowers and properties similar to those of the naturally occurring 2752
pyrethrins and other synthetics such as cyclethrin and furethrin, g.v. 2231
PHYSICAL, CHEMICAL
The commercial product is a clear, pale, yellow to brownish, viscous liquid containing 75% -95% allethrin 2231
isomers. A erystalline substance, ¢ -DL-trans-allethrin, may be isolated from technical allethrin; m.p. 2221
{crystalline isolate) 50.5°-51°C; b.p, {technical) ca 160°C; dyoo 1.005-1.015; ny 1.5040; insoluble in H:O: soluble 2753
in most organic solvents; miscible in petroleum oils; soluble in aleohol, carbon tetrachloride, petroleum ether, 252
ethylene dichloride, nitromethane; incompatible with alkalis; chemical properties similar to those of the natural 1248
Pyrethrins, but allethrin is more stable on exposure to heat and ultra-violet rays; detoxified by double-bond 1891
hydrogenation of the acid or allyl side chains; may hydrolyze to yield chrysanthemic acid and 2-allyl-3-methyl-2, 26867

4-cyclopentadienone which dimerizes by the Diels- Alder reaction; compatible with sulfur in dust formulations.
Allylrethrolone and chrysanthemic acid, the two constituents of allethrin, exist as optical isomers. Chrysan-
themic acid is stereo-isomerie, Thus, there are 8 optical and geometric isomers of allethrin, all potentially
present in the technical product, whose insecticidal activity depends on the proportions in which the isomers are
Present.

The isomers are:
D- and L- Allylrethronyl D- cis-chrysanthemate
D- and L- Allyirethronyl L- cis-chrysanthemate

D- and L- Allylrethronyl D- trans-chrysanthemate.
D- and L- Allylrethrony! L- trans-chrysanthemate
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1)
2)

3. ALLETHRIN

Formulations: In odorless kerosene; as aerosols; as impregnated dusts.

Allethrin synergizes insecticidally with the usual pyrethrin synergists: Piperonyl butoxide, g.v., n-propyl

isome, q.v., piperonyl cyclonene, q.v., n-octyl sulfoxide of isosafrole, q.v., ete. Also consult the general

treatment titled, Synergists, Synergism.

a) N- (2-ethylhexyl) imide of endomethylenetetrahydrophthalic acid, or Van Dyke 264, q.v., also synergizes
effectively with allethrin,

TOXICOLOGICAL

1

2)

3)

4)

5

—

Allethrin toxicity is comparable, in general, to the toxicity of natural pyrethrins. Kidney and liver damage
follow the entry, by any route, of toxic dosages. Lung congestion may also ensue.

Acute toxicity for higher animals:

Animal Route Dose Dosage Remarks
{me/k)

Mouse or LDsg 480 In kerosene; 20% commercial sol.
Rat or LDse 920 In kerosene; 20% commercial sol.
Rat or IDso ¢q 680
Rahbbit or LDy 4290 In kerosene; 20% commercial sol.
Rabbit ct LDsp 11.2 cc/k Single, acute inunction.

a) Administered to rats by inhalation in dosages 10,000 times as great as those normally used in fly-killing
aerosols, in single exposure and to ten times the amounts normally used, in multiple exposures 90% of the
exposed subjects survived.

b) Applied to shaved rabbits by means of impregnated cloth, allethrin preduced a transient erythema.

Chronic toxicity for higher animals:

a) Rats have tolerated allethrin in the diet at 2000 ppm for about 1 year without overt effects or histo-
pathological signs.

b) Rats tolerated, without overt effects, for 16 weeks a diet with 5000 ppm allethrin.

¢) The lability of allethrin virtually excludes any serious residue hazard.

Pharmacclogical, pharmacodynamic, symptomatological, physiological, ete.
a) The toxicological properties of allethrin resemble those of the natural pyrethrins. The following effects
may be noted:
(1) Nervous effects resembling veratrine poisoning.
{2) Tremor, excitation, passing over to convulsions, clonic spasm, muscular fibrillation, incoordination,
tetanic muscular paralysis, respiratory failure and death,
(3) If the intoxication is not fatal, a complete recovery ensues.
{4) Pentobarbital and ether anesthesias suppress the convulsive stages; atropine controls the concomitant
diarrhoea.
b} Histopathological signs (rats, rabbits):
(1) Cloudy swelling in cells of kidney tubules.
(2} Cloudy swelling of hepatic parenchyma cells.
(3) Free pigment in the liver stroma and in the littoral cells of von Kiippfer.

Phytotoxicity:
a) As in the natural pyrethrins, the toxicity for plants is of a low order. Not to be overlooked are the
potential phytotoxic effects of such solvents or carriers with which allethrin may be combined.

6) Toxicity for insects:

a) Quantitative.
Insect Route Dose Dosage Remarks
Aedes aegypti, 3rd instar Medium LCso 0.19 + .03 8.D. ppm
Anopheles guadrimaculatus,

adult 4 daysd topical LDso 0.0029 pg/insect ER* to DDT = 6.9.
A. quadrimaculatus, adult

4 daysd topical LDgo 0.13 ug/insect ER* to DDT = 3.5.
A, quadrimaculatus, adult

4 days?¢ topical LD 0.008 pg/insect ER* to DDT = 8.3,
A. quadrimaculatus, adult

4 days ¢ topical LDygo 0,041 pg/insect ER* to DDT = 3.2.
Blattella germanica, adult ¢

DDT-8 topieal LDsa 0.76 pg/insect Synergized.

B. germanica, "o

DDT-R topical LDso 1.3 ug/insect Synergized. DR** - 1.7,
B. germanica adult § Chlor-

dane-R fopical IDs 1.0 pg/insect Synergized. DR** = 1,3,
B. germanica o topical LDsy 80-66, 47-52 ug/g Nelson Drop Test.
B. germanica @ topical LD 58-84, 50-55 ug/g Nelson Drop Test.

Musca domestica, adult topical LDso 0.42 ug/fly Kill *¥*24 hrs. post-treatment.
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Insect Route Dose Dosage
Musca domestica, adult topical 1Cso 0.35 mg/ce
M. domestica, adult topical LDy 0.50 ug/fly
M. domestiea, adult topical LCrs 0.42 mg/cc
M. domestica, adult contact spray LCss 0.787 + .034 mg/cc
M. domestica, adult contact spray LCso 0.782 + .054 mg/cc
M. domestica, adult DDT-8  topical IDsc 24 hes. 0.3 ug/fly
M. domestica, adult, Bellflow-
er DDT-R topical LDs 24 hrs, 1.0 ug/fly
Oncopeltus faseciatus topical LDz 30-40, 25-35 ug/e
*ER = Effectiveness Relative.
**DR = Degree of Resistance.
***Kill = Mortality.
b) Comparative toxicity.
(1) As water emulsion sprays:
Insect Pyrethrins Kill Allethrin
mg/100cc % mg/100ce
Oncopelius 6.5 42 6.5
” 6.5 50 6.5
Pieris rapae 3.3 75 3.3
" " 3.3 67 3.3
" " 6.5 29 13
Heliothis (3rd instar) 6.5 70 6.5
" (5th " ) 13 66 13
(2) As impregnated dusts.
Insect Pyrethrins (%) Kill (3}  Allethrin (%)
Oncopeltus 0.23 46 0.46
" (larva) .23 50 .46
Pieris rapae .23 b2 .46
Cabbage Looper .23 54 46

Remarks

Kill 24 hrs. post-treatment.
Kiit 24 hrs. post-treatment.
Kill 24 hrs. post-treatment.
Turntable; refined kerosene,
Turntable; refined kerosene,
Applied to thorax.

Applied to thorax.
Nelson Drop Test.

Kill (%)
21
17

39
30

(3) Allethrin samples from various makers compared with pyrethrins vs. Musca domestica by the Peet-

Grady Test:
Pyrethrins KD 10 min*  Xill 24 hrs Allethrin KD 10 min**  Kill 24 hrs
g % g % %
0.012 95 — 0.012 95 -
012 94 48 .012 80 11
012 99 34 .012 98 43
012 71 14 012 T4 23
.008 70 12 012 59 i}
— - - .004 70 12

*KD 5 min = 80%.
**KD 5 min =70%.

(4) Allethrin and pyrethrins compared vs.nymphs of Periplaneta americana (= P} and Blatta orientalis
(= B) by direct spray method; 12 cc dose, sprays of pyrethrin or allethrin, 0.1 g/100 cc:

Substance KD % KD %
5 min 10 min
P B b B
Pyrethrins 2 7 3 18
Allethrin 0 0 0 0
Control

{5) LDso, by topical administration, allethrin, pyrethrins, DDT, for 3 insect species:

Insect

Musca domestica Lab DDT-S
Musca domestica Bellflower DD'T-R
Blattella germanica o

Blattella germanica ?

Oncopeltus fasciatus

*LDs 24 hrs.

KD % Kill % Kill % Kill % Kill %
30 min 24 hrs 48 hrs 72 hrs 144 hrs
P B P B g B P B B B
55 55 48 39 52 40 52 45 57 62
3 13 5 5 3 ki 5 12 T 20
0 3 0 11 0 i3 2 18
Allethrin Pyrethrins DDT Remarks
0.3 pg/Ely* 1.0 pg/fly*  0.03 pg/fly* Applied to thorax.
1.0 pg/fly* 1.0 pg/fly*  11.0 pg/fly* Applied to thorax.
60-66;47-52 ug/g  10-15pg/g  — Nelson Drop Test.
58-64; 50-55 ug/g  10-15pg/g — Nelson Drop Test.
30-40; 25-35 ug/z  4-5 ug/g -~ Nelson Drop Test.
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c)

3. ALLETHRIN

(6) Toxicity, evaluated by the Turntable Method, of allethrin, allethrin analogues, pyrethrins as sprays in
refined kerosene, vs. Musca domestica:

Compound 1C s, mg/ce Relative Toxicity

Allethrin methyl analogue 6.47 + 0.49 0.4 + 0.03 0,12xs as toxic as allethrin.
Allethrin ethyl analogue 299+ .44 94+ .14 0,26xs " " "
Allethrin L7187+ .034 3.29 + ,18 xs as toxic as pyrethrins.
Allethrin .782+ . 054 3.61+ 2Tx¢ v " ™ " v
Pyrethrins 2.593 + .09 1.0 (standard)

Pyrethrins 2.825 + .08 1.0 (standard)

a) Data for other allethrin analogues may be found by consulting References 1159, 1643.

Allethrin and synergists:

{1} Toxicity of allethrin and allethrin + synergist vs. Musca domestica; topical application; mortality 24 hrs
after treatment:

Insecticide Dose Dosage Relative Toxicity
Allethrin LDso 0.42 pg/ily
" LCse .35 mg/cc
" LDss .50 ,ug/ﬂy 1.0
" LCqs 42 mg/c :
Allethrin + piperonyl butoxide, 1:1 LDss A7 ug/tly 0,47
" " 1" " " m?s .2 mg/cc .
" + n-propyl isome, 1:1 LDys 19 pe/flyy 5 91
” o 1" " 1t LC75 .03 mg/cc "
" + Araclor 5460 LDys .33 ug/fly} 1.97
" (2] " " LC'rs .39 mg/cc .
" t " " LDSO .31 1J.g/ﬂy
" T " LCso .26 mg/cc
(2) Vs. ABdes aegypti, 3rd instar:
Toxicity Stability
Insecticide LCx (ppm) Compound LCso, PPm

Fresh UV Light Heat, 3 days Room
5 hrs 110-120°F 1 week

Allethrin 0.13 + .03 8.D. Allethrin 0.11 0.53 0.22 0.36

Allethrin + Sulfox-cide, 1:5 17 Pyrethrins .05 .65 .60 It
" '"piperonyl butoxide,1:5 .18

Pyrethrins .059 £ .02 5.D.

Pyrethring + Sulfox-cide, 1:5 .04

" + piperonyl butoxide, 1:5 .05

(3) Stability of allethrin, pyrethrins under various conditions; tested vs. Musca domestica, 5 day old adulis:

Compound Fresh UV Light, 5 hrs Heat, 110°-120°F, 3 days Room, 1 week
KD10min Kill2dhrs KD10min Kill124hrs KD10min Kill24 hrs KD 10min Kjll 24 hrs

% % % % % % % %

Allethrin 97 39 96 19 96 28 95 30

Pyrethrins 91 23 95 19 94 19 100 15

(4) Allethrin and pyrethrins, tested as settling mists in Deobase Oil, vs. Periplaneta americana and
Blattella germanica:

Compound B, americana B. germanica
Conce. KD 30 min Kill 4 days Conc. KD 10 min Kill 2 days

% % % % % %
Allethrin 1.6 95 85 0.2 79 70
" 1.2 65 40 .1 74 63
" 8 15 10 .05 61 56
" 4 o 0 - - -
Pyrethrins 4 100 80 .2 100 91
" .3 100 65 .1 100 70
" .2 70 35 .05 100 0
Deobase 0il Control 100 0 0 106 0 26

(5) Effectiveness, vs. various insects, of allethrin as sprays and aerosols with comparative data for

pyrethring, Insecticides synergized by n-propyl isome, Van Dyke 264, piperonyl butoxide in low pressure
aerosols and by piperony! butoxide, n-propyl isome, sesame 0il and sesame oil fractions in high pressure

aerosols. Applied at rate of 4.63 g/1000 fit*;

1162

3130

1248

1248

1248

961
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Substance Musca domestica Periplaneta americana
% KD in % Kill % Mortality in
5min 10 min 15 min "1 day L'day b5 days
Allethrin aerosol 44 69 82 32 - -
Pyrethrin aerosol 53 73 81 32 - -
Allethrin spray 75 87 - 25 ot 127
" " _ —_— _ - Oﬁ oﬁ
Pyrethrin spray 76 84 — 25 2t 18f
1 11 — _ —_ . — 3'”- 42'”'
Allethrin aerosol* 72 83 92 52 - -
" " *x 58 71 85 53 - -
*4 months old. t Large nymphs.
**Freshly made, HAdult @
Vs. adult mosquitoes, as sprays:
Spray Dosage Anopheles quadrimaculatus Aédes aegypti
KD 10 min Xill 1 day, % KD 10 min  Kill 1 day, %
g 2 = £
Allethrin 9.28 cc/1000 ft® High 65 16 - - —
Allethrin 55,56 ee/1000 it All 100 99 All 100 99
Pyrethrins 9.26 cc/1000 ft? Medium 73 43 — — -
Pyrethrins 55,56 cc/1000 ft® High 87 38 High 82 62
Substitution of allethrin in the ““Tentative Official Test’’ vs. Musca domestica: 961
Aerosol Formula Concentration, KD, % Kill, %
% 5 min 10 min 15 min 1 day
Allethrin 0.4
DDT 2
Methylated naphthalenes 6 17 36 48 71
Kerosene, odorless 8.6
Freon 11, Freon 12, i:1 85
Pyrethrum, 20% pyrethrins 2
DopT 2
Methylate naphthalenes 6 15 28 39 72
Kerosene, odorless 5
Freon 11, Freon 12, 1:1 85

Substitution of allethrin in the U.8. Public Health Service airceraft aerosol formulae vs. Musca domestica, 961
Anopheles quadrimaculatus, Aédes aegypti:

Aerosol Formula Cone., % M. domestica Anopheles; Agdes
KD 15 min, % Killl1day,% KD 15 min, % Kill I day, %
d 2
Allethrin 1.2
Methylated naphthalenes 8 98 99.5 100 100 100
DDT 2
Freon 12 88.8
Pyrethrum, 20% pyrethring 6
Methylated naphthalenes 8 92 98 High 100 100
DDT 2
Freon 12 84
In aerosols allethrin did not lose its effectiveness in 15 months of storage when tested vs. Musca. 962
Formulated with DDT in aerosols, there was no loss of effectiveness vs. Musca after 10 months of
storage.
(6) Allethrin toxicity by contact for Musca biotypes; LDs, 24 hrs at 60°F: 3
Biotype LDso, Lg/fly
Laboratory, DDT-S 0.43
Bellflower, DDT-R 97
Pollard, DDT-R .50
7) Comparisons of allethrin and natural pyrethrins vs, some insects: 935

a) & -3Methyl-2-allyl-cyclopent-2-en-4-0l-1-one esterified with:
{1} {+)-Trans-chrysanthemum monocarboxylic acid (natural),
{2} {¢)-Cis-trans-chrysanthemum monocarboxylic acids (synthetic)
yielded:
{3) ()-Alylrethronyl {+) transchrysanthemate,
(4) {+ }- Allylrethronyl (1) cis-transchrysanthemate.
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b) The esters were compared with pyrethrin I, II stocks containing 3.01% total pyrethrins by application as
contact sprays in the Potter tower to test insects. The aqueous medium contained: 0. 1% sulfonated Lorol
and 10% acetone. All insects were sprayed on the same occasion under similar conditions as follows:

Insect Deposit °C Humidit; Holding Holding Relative
(mg/om’ T 0 Humidity ()
Plutella maculipennis (last instar) 7.01 23.5 47.5 17 55
Macrosiphum solanifolii (adult ¢, apterous}) 6.78 20 61.5 18 60
Phaedon cochleariae (adult) 6.52 19.5 48.5 17 55
Oryzaephilus surinamensis {adult) 6.79 16.5 b4 17 55
¢} Symbols:
Extract natural pyrethrins - I
+, (z} allylrethronyl (+) transchrysanthemate - II
+, (+} allylrethronyl (z) cistranschrysanthemate - III
(1) Toxicities of I, II, Il compared:
Insect LCse (w/ v} % Relative Potency
I I I I i I
Plutella .00574 001415 .003162 1000 3980 1820
Macrosiphum 00034 .00275 .00589 1000 123 58
Phaedon .000324 .000813 001662 1000 399 200
Oryzaephilus 00537 01122 01318 1000 479 406
(2) Maximum variations in absolute toxicity:
Substance Insect Minimum LC; w/v %  Insect Maximum LCy w/v % B
(A) (B) A
I Phaedon 000371 Plutella .00899 ca 24
o Phaedon .000662 Oryzaephilus 0112 ca 17
i1} Phaedon .00201 Oryzaephilus .0261 ca 13
(3)Comparison of toxicities observed in sprayings on different days:
Difference Difference
Insect LCso, w/v,% Significant Not Significant
I hi m
Plutella .00899 .00251 *
" 00346 00241
Macrosiphum 00541 00272 *
" 00704 0092
Phaedon .000371 .000662 *
" 000305 .00201
Oryzaephilus .00552 L0112 "
" 00789 .02607

3. ALLETHRIN

8) General remarks: Insecticidal properties of allethrin:

a) Screening tests have indicated high activity vs. human body lice both in insecticidal and ‘‘knock-down’’
effect; high activity as a larvicide vs. A&des aegypti, Culex gquinquefasciatus; good activity as a space and

residual spray vs., Musca and as space sprays vs. mosquito adults.

9) Chemical structure and toxieity: Allethrin, allethrin isomers, allethrin analogues:

a) Allethrin isomers vs. Musca domestica
Isomer Relative Toxicity
DL-Allylrethronyl DL-cis-transchrysanthemate 1.0 {(standard)
L- Allylrethronyl D-trans-chrysanthemate .66
L- Allylrethrony! L-trans-chrysanthemate .026
D~ Allylrethronyl D-trans-chrysanthemate 3.88
D- Allylrethronyl L-trans-chrysanthemate .18
b) Optical- and stereo-isomerism: Effects on toxicity for insects:

{1) DL-Allylrethronyl D-chrysanthemate (trans) as a water spray is twice as toxic for Phaedon coch-

leariae, Plutella maculipennis as DL-Allylretiironyl DL-cis-transchrysanthemate; DL-allyirethronyl
DL-trans-chrysanthemate is more than twice as toxic for Phaedon, Plutella as the DL-cis-chrysanthe-

mate.

(2) Topically applied, or injected, the D-trans-chrysanthemate of DL-allylrethrolone is 40 times as toxic

as the L-trans-chrysanthemate for Plutella and 50 times more toxic for Dysdercus fasciatus.
(3) The effectiveness ratio varies with the test insect: For Oryzaephilus surinamensis {spray tests)

DL-allylrethronyl D-{rans-chrysanthemate is 1.2 times as toxic as DL-allylrethronyl DL-ecis-trans-

1801

1183

934,935

chrysanthemate. Vs. Tenebrio molitor {topical application} the toxie ratio of the forementioned isomers

is 3.5. Vs. Macrosiphum solanifolii, Plutella maculipennis, Phaedon cochleariae (spray tests) the toxic

ratio of the two isomers is 2.
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4)
Insect Relative Toxicities
Pyrethrins DL-Allylrethronyl- DEL-Allylrethronyl-
(standard) D-transchrysanthemate DL-cis-transchrysanthemate
Plutella maculipennis 1.0 3.98 1.82
Macrosiphum solanifolii 1.0 .123 058
Phaedon cochleariae 1.0 .399 .2
Oryzaephilus surinamensis 1.0 .479 406
(5) Allethrin vs. Musea is equally effective compared with natural pyrethrins, but inferior to natural 2291
pyrethrins vs. Periplaneta, Tribolium, Oncopeltus and certain other insects. Vs. Musca allethrin may 961
be more toxic than mixed pyrethrins of natural origin, but is said to synergize less well with piperonyl 2752
compounds. Vs. Anopheles quadrimaculatus (larva) the MLDjgo is 0.2 ppm and the next lowest con- 353
centration yielding 98% kill is 0.1 ppm. 2020
¢) Properties of DL-allylrethrolone esterified with carboxylic acids related to chrysanthemic and pyrethric 1892
acids; effects vs, Musca domestica as sprays in kerosene:
(1) The following acids gave esters with pronounced ‘“knock-down® effect but low killing action:
CH; H 9 H H H H 0 H CHs H 0O
HLC=C (CH). c\ /C—C—OH i1 HC C=¢cC —c\ /C—C—OH ; (HiC); C— CHy c\ /C—-C—OH;
C C C
H H ,/0 H (I,;—-cli H o
H C\ /C—- C—OH; C\ /C—C‘— OH
< C
(2) The following acids gave esters with 0.03 times the toxieity of DL-allylrethrolone D-trans-chrysan-
themate:
CHs CH, H , H CH;H H P H P,
BRC=C—¢( C—C—OH; HC—C=C—C C—C—OH,; O,N—C cC-—Cc—o0Hn
NS N /
c C C
H. (CHs): (CHa),
(3) With 0,16 times the toxicity of DL-allyirethronyl D-trans-chrysanthemate:
H H H 0
(HsC)s C—Cm—-C\—\——H-/C—C'—OH
c
(CHs)2
{4) With 0.05 times the foxicity of DL-allylrethrolone D-trans-chrysanthemate:
d) Changes in the alecholic {allylrethrolone) component and toxicity:
{1) Side chain modification and effects on Musca domestica in spray tests, allethrin standard: 1651
Side Chain KD Ratio Mortality Ratio
Methyl 0,44 0.97
Ethyl N .85
n- Propyl .44 .86
n- Butyl .39 .8
2- Isobut-2-enyl .59 .65
2- Isopent-2-enyl .39 .13
(2} Toxicity comparisons between allethrin analogues, prepared as 2-alkenyl-3-methyl-cyclopent-2-en-4-
ol-1-onyl D-trans-chrysanthemates, and natural pyrethrins:
{a) As kerosene spray, allylrethronyl D-transchrysanthemate is 6.6 xs as toxic for Musca domestica. 1162
(b) As kerosene spray, methylallylrethronyl D-transehrysanthemate is 3.5 xs as toxic for Musca,
{c) As kerosene spray, but-2' -enylrethronyl D-transchrysanthemate is 1.5xs as toxic for Musca.
{d) As agueous contact spray, ailylrethronyl D-transchrysanthemate is 2xs as toxic as methylallylre- 934
thronyl D-transchrysanthemate for Phaedon cochleariae.
{e) As kerosene spray, DL-furfurylrethronyl DL-cis-transchrysanthemate is 0.33 times as toxic for 1161
Musca domestica as allethrin.
{f) DL-Cyclopentenylrethronyl DL-cis-transchrysanthemate is = to allethrin in toxicity. 1456
e) Miscellaneous structural considerations:
(1) With chlorination of allylrethrolone side chains to give 2' -and 3' -Chlorallylrethrolones toxicity 1159
declines to ca 0.5 that of corresponding unchlorinated compounds.
(2) Substitution of phenyl for methyl at Carbon 3 in the cyclopentenolone ring, or of allyl for H at Carbon 1148
5 yields decline in effectiveness vs. Musea (ca 0,15 the toxicity of allethrin).
(3) The D-trans-chrysanthemate of 3-hydroxy-8-nonene-2,5-dione, an uncyclized analogue of allethrin is 1148

less than 0,09 times as toxic to Musca domestica as allethrin, but has good ‘knock-down'’ effect.
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(4) KD and mortality ratios {Standard, Allethrin) of various chrysanthemic acid esters vs. Musca: 1456
Ester KD Ratio Mortality Ratio
Piperonyl 0.38 0.29
Vanillin .15 .43
Anisic .18 .56
Guaiacol .18 .36
Eugenol By .45
Benzyl .16 LT0
Phenyethyl 13 A2
Menthol .14 .22
Borneol .18 .74
Cycliohexanol By .58
Methyleyclohexanol .14 AT
Diethylaminoethanol .14 b6
Furfurylcarbinol .21 .34
Dimethylhexenol .18 .38

ALLYL BROMIDE {3-Bromopropene; 3-Bromopropylene; Bromo-

allylene.)

Ty

P Molecular weight 120.99
C|— ¢ C, Br Synthesis, see Ref. 1746
H H
GENERAL
In tests of 309 aliphatic compounds, evaluated as insecticidal fumigants, allyl bromide stood 10th in order of 2670
effectiveness. Halogen substitution in the lower aliphatic hydrocarbons yields a number of effective insecticidal 3390
fumigants. Among the volatile, halogenated fumigants, bromine analogues generally compare favorably with, 2537

and may even surpass in effectiveness, the corresponding chlorinated compounds in toxicity to insects. For
example, ethylene dibromide, g.v., is somewhat more toxic than ethylene dichloride for Tribolium confusum,
The weakness of allyl chioride as an insecticidal fumigant is inflammability.

PHYSICAL, CHEMICAL

A elear, eolorless liquid; toxie, irritating, penetrating, pungent, of unpleasant odor; inflammable; m.p. -119°C;

b.p, T1.3°C; d¥ 1.398; n%y 1.46545; highly volatile; slightly soluble in water; miscible with many organic solvents;
for example, aleohol, chloroform, ether, carbon disulfide, carbon tetrachloride. Containers should be kept

tightly closed.

TOXICOLOGICAL

1) Toxicity for higher animals:
a) Stands among the most toxic of the halogenated hydrocarbons. 12,3211
{1) When exposed at concentrations of 100, 5¢, 20, 1C mg/1, rats and Guinea pigs show, in but few minutes,
intense irritation of mucous membranes.
(2) Lung and liver lesions, general slight liver changes follow exposure.
(3) For rats, Guinea pigs narcotic action is weak.
(4} Somg/deaths have occurred among rats, Guinea pigs exposed for 4 hours to concentrations as low as
1 mg/l.
{5) Death is apparently caused by lung injury and possibly by kidney damage. Survivors, however, procede
to complete recovery.
{6) For man, the odor, intense irritation, lachrymatory properties should make allyl bromide amply self-
warning,
{7) No industrial poisonings have been recorded for either allyl bromide or aliyl chloride.
{8) Maximum allowable concentrations have not been established.
b} In man, exposed to allyl bromide, irritation of the mucous membranes of eyes, nose, respiratory tract 1045
and lungs has been observed. Vertigo has been noted.
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¢) Tests of toxicity using rats, Guinea pigs; five animals/test Eroup: 12
Rats Guinea Pigs
Conc. Exposure Dead Survivors Cone. Exposure Dead Survivors

mg/1 hrs no. no. mg]i hrs. no, no,

1 2 0 b 1 1 0 5

1 3 0 5 1 2 1 4

1 4 1 4 1 3 0 5

1 6 1 4 1 4 5 0

1 7 0 5 i [ 5 0

1 8 5 0 1 9 5 0

1 9 5 0 10 0.5 0 5

10 0.5 0 5 10 1 0 5

10 1 0 5 10 2 5 0

10 2 4 1 50 0.166 0 5

10 2 2 3 50 0.25 0 5

10 3 5 0 a0 .5 2 3

10 4 5 ; 50 0.5 5 0

20 0.5 0 5 50 0.5 2 3

20 1 1 4 50 0.75 4 1

20 2 5 0 50 1 5 0
50 0.5 0 5
50 1 4 1
50 1.25 5 0
50 2 5 0
100 0.25 0 5
100 0.5 4 1
100 0.5 b 0
100 1 5 0

2) Toxicity for insects:
a) Certain alkyl and aryl halides, among them allyl bromide, have on insects an irritant effect. Toxicity, 2537
however, is not necessarily a property of these substances.
(1) Aliyl bromide has high toxicity, as a fumigant, for those insects against which it has been tested,
b) Quantitative:

Ingect Route  Dose Dosage Expo- °C Remarks n-Butylbromide
mg/l  sure CH; (CH;); Br
hrs MLC, mg/1

Sitophilus oryza fumig MLC 17 1 25 Empty flasks, 20 1. 382 3380
Sitophilus oryza fumig MLC 1 24 25 Empty flasks, 20 1, 22 3390
Sitophilus oryza fumig MLC 6 24 25 In wheat grain. 89 3390
Tribolium confusum fumig MLC 23 1 25 Empty flasks, 20 1. 318 3390
Tribolium confusum fumig MLC 3 24 25 Empty flasks, 20 1. 32 3390
Tribolium confusum fumig MLC 10 24 25 In wheat grain. 102 3390
Tribolium confusum fumig LCs 9 5 25 Empty flasks. — 3390
Limonius canus fumig LCs 4.2 5 T1°F Flasks, 11 ¢ 500g soil. - 1958
Limonius californicus fumig LCs 4,2 5 TI°F Flasks, 11 ¢ 500g soil, — 1958
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ANABASINE  [L-2-(3'-Pyridyl)-piperidine; Neonicotine (<DL form))

H_H
H
H H
He ™= H Molecular weight 162.24
lf H Synthesis [See Ref. 2830]
H =
N H
GENERAL [Refs: 2615,2854,2419,2855,2417,2418,1580,2856,2664,2665,2108 ]

An alkaloid, closely related to nicotine which it resembles in all its biological properties, isolated from the
woody, perennial plant, Anabasis aphylla, Chenopodiaceae, whose alkaloidal content ranges from 1.0-2.6%, the
greater concentration being found in young growth. May also be isolated from Nicotiana glauca, “tree tobacco,”
of alkaloidal content approximating generally 1.0% but reaching 8% in some bictypes and hybrids. Anabasine
is extractable from plant tissues with water, dilute acid, ethylene dichloride, steam distillation. Synthesized
as neonicotine in which anabasine, the L-rotatory racemer, accounts for most of the biological activity. Used
insecticidally as anabasine sulfate.

Also consult Nicotine,

PHYSICAL, CHEMICAL

In the pure state, a viscous, colorless liquid, darkening rapidly in air; C = 74.03%, H= 8.7%, N = 17.27%; m.p.
9°C: b.p. 280.9°C; d™® 1.048; n})" 1.5443; v.p. 2.5 mm Hg™; [@ 3% -82.20; miscible, in all proportions, with
water; soluble in most organic solvents (note its extraction from plant tissue by ethylene dichloride); alkaline
in reaction, forming salts readily with acids, metals; stable. Commercial anabasine is said to contain: Ana-
basine 21.52%, lupinine 7.52%, aphylline, aphyllidine 10.45%, total sulfate 12.19%, sulfuric acid 1.68%, other
substances 1.24%. Sold as anabasine sulfate in water solution. Chemically distinguishable from nicotine by
precipitation from solution in methanol as the silicofluoride; nicotine remains in solution. The vapor pressure
is sufficiently high to permit a short range fumigant action on insects.

TOXICOLOGICAL
1) Toxicity for higher animals:
Animal Route Dose Dosage (mg/k)
Guinea Pig 5C LDsg 22 1319
Rabbit iv MLD 3 1318
a) Six times as toxic as rotenone, q.v., and only slightly less toxic than nicotine for Caranssius auratus, gold 1145
fish., 2815
b) Readily absorbed, like nicotine, through intact skin and mucous membranes.
¢) Residues of sprays, when used on food plants, are too evanescent to be hazardous.
d) Symptoms of acute and sub-acute intoxication:
{1} Onset of symptoms after exposure is rapid. 2221,1145
{2) Signs: Increased salivation, giddiness, headache, nausea and vomiting, mental confusion, visual
disturbances, photophobia, cold extremities, asthenia, rapid breathing, faintness, convulsions and
clonic spasms. Death in respiratory failure.
2) Phytotoxicity:
a} None reporied.
3) Toxicity for insects:
a) General remarks:
(1) Particularly effective vs. aphids; 5-10 times as toxic as nicotine vs. Aphis rumicis, = A. fabae, 1115,2606
(2) Order of toxicity for Aphis rumicis, based on LCs as spray: Anabasine > L-S-nicotine = DL-B- 2606
nornicotine > DL-j3-nicotine > DL-¢ -nicotine = DL-¢ -nornicotine.
(3) Less toxic than nicotine vs. Culex pipiens (larva), Carpocapsa pomonella, Oncopeltus fasciatus, 457,2832
(4) More toxic than nicotine, nornicotine vs. cabbage, pea, Nasturtium aphids and Paratetranychus citri. 298
{5) Anabasine, applied to Aphis spp. as contact spray in alkaline medium, in which the alkaloid exists as 1642
free base, is twice as toxic as the equivalent solution of anabasine sulfate,
(6) Inferior to nicotine as an intestinal poisen for silkworm, grasshoppers. 353

22
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b) Quantitative:

Insect Route Dose Dosage Remarks
Aphis rumicis contact spray LCs 5 mg/100ce  With 0.25g Na oleate/100ce. 2606
Aphis rumicis contact spray LCic 166 mg/100cc With 0.25g Na oleate/100cc. 2606
Lygaeus kalmii*(eggs) spray LCso 0.18% S.E, = 0,01, 2858
*[Cyo, nicotine = 0.11%, quinoline = 0.12%, piperidine = 0.28%, pyridine = 19.6%.
{1) Toxicity of anabasine {base), anabasine sulfate, vs, adult Scirtothrips citri on lemon tree leaves, by 2182
contact and fumigant action:
Substance Conc. Dosage Residue Age Kill{%) in
{cc/1eaf) at Test Start 1day 2days 3 days 4 days
{days)
Alkaloid in He 1:1000 0.2 0 — 100 - -
113 " T L3 .2 2 29 60 — —
m " " " -2 0 91 100 — —
" " Tt Tt .2 1 94 100 — —_
T " 1" 1" .2 3 89 100 — —_—
" " " " .2 5 —_ — 90
" mon " .25 0 90 100 - —
" non 1:1500 .25 0 99 100 - -
" non 1:2000 " 0 57 67 T 78
Anabasine sulfate* 1:800 .25 0 91 100 - —
" " " .25 2 83 98 98 100
" " " -3 0 _— 100 _— —
" 1"t tt -3 0 100 — — _—
" " " N 2 - 93 100 —
" " 1:600 .3 0 — 100 - -
" " " .3 2 98 99 100 -
n " " .3 5 94 g5 97 99
CONTROL - - - - - 1.7
*40% anabasine base.
(2) Anabasine sulfate (40% anabasine base} diluted 1:400 in water and used as a spray produced only 2% 1450

mortality among first instar larvae of Hippodamia convergens, a lady-hird beetle predator of aphids.
¢) Pharmacological, biological, physiological effects on insects:
(1) By analogy with nicotine, anabasine enters the insect body through the cuticular surface, the penetration 353
peing more rapid through the unsclerotized or relatively less sclerotized regions. Anabasine is a rapid 2231

contact poison for insects. 2815,1058
(2) Penetration of undissociated anabasine through the cuticle of cast, empty, larval exoskeleta of 3049
Chironomus has been demonstrated; the results resemble closely those obtained with nicotine, 2604

{3) Anabasine, as a contact spray, in alkaline solution as the free base applied to Aphis pomi yielded twice
the kill given by equivalent solutions of anabasine sulfate.

(4) The fumigant action of anubasine, like that of nicotine, permits entry into the insect via the spiracles 2607

as well as via the integument. 1204,2187
{(5) The action of anabasine is neurotoxic, the site of action being the neuromuscular mechanisms. 353,2231
{6) With the central nerve cord intact the heart-rate of Pteronus ribesii larvae was increased four fold 3049

by anabasine; a lower rate of increase was noted in subjects with severed nerve cords.
(7) Pteronus ribesii larvae, dipped in 0.5% anabasine solution, were paralyzed in 2-15 minutes after dipping; 2709
1% solutions induced a marked but short term rise in respiratory rate.
{8) Convulsive movements, followed in 7-10 minutes by paralysis, attended application of 1% anabasine sul- 3049
fate to Pteronus ribesii larvae. Expulsion of fluid from mouth and anug indicated peristaltic gut
disturbances. Applied directly to the ventral nerve cord of Pteronus and Pieris brassicae larvae,
anabasine at concentrations as low as 0.00001% instantly halted pulsation of the dorsal blood vessel.
{9) Contact application of anabasine to Scirtothrips citri yielded instant ataxia and convulsions; in 10 1450
minutes paralysis ensued while slight leg tremor persisted for 2 days or until death.
{10) Anabasine blocks nerve impulse transmission at the synapse, but at higher concentrations than nicotine. 1450
(11} Applied to a ganglicn, anabasine “‘proofs’ or renders it refractory to subsequent nicetine treatment. 3295
Apparently involved for both agents are the same tissue receptors or action sgites.
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ANTIBIOTICS; ANTIMETABOLITES

Inclusion of data concerning the action on insects of compounds classed in the broad categories of antibioctics
and antimetabolites is not meant to suggest that, as yet, practically useful insecticides have been found among
them. The data are presented for their general toxicological interest,

1) Toxicity of microbial antibiotics applied by injection in water solution to adult Blattella germanica:

Compound Commercial Source LDso ( ug/insect)

d 2
Dihydrostreptomycin 80, Squibb 38 50
Neomycin S04 Upjohn 27 60
Streptomycein 50, Squibb 70 130
Terramyecin HCL Pfizer 90 185
Bacitracin Commercial Solvents 100 235
Penicillin G Sodium Upjohn 350 400-500
Penicillin G Potassium Bristol 300 400-500
Polymixin Nutritional Biochemicals 11 23
Aureomycin*

*Four 60ug injections, given every second day, were tolerated with negligible mortality. The substance is
soluble only to 3 %.

2) Chemical impairment of development in Musca domestica:
a) Effects of various substances and classes of substances incorporated in CSMA larval rearing medium
innoculated with eggs of Musca.
b) Classes of compounds: I = mitotic poison: II = antimetabolite; III = other biclogically active substances,

Compound Class Conc. Extra Days Imago Emergence
(% by wet) to Pupation
Ethyl carhanilate I 0.25 1 1]
Ethyl carbamate 1 .125 0 63
N, N-bis (2-Chiloroethyl) methylamine BC1 I .25 2 3
" tron " " T " I .0215 1 48
Sulfanilamide 11 .25 0 18
2-Pivalyl-1-indanedione II L0625 4 16
roon " " II 0313 4 2
2-Pivalyl-1-indanedione Sodium n 0313 3.5 33
p-Nitrophenol o 25 2 0
Benzimidazole II .25 3 43
p-Nitrobenzoic acid I .25 0 10
Menadione m 125 4 11
" m 0063 1.5 25
Piperonyl butoxide m 11 1 28

3) Compounds which yield complete inhibition of larval development in Musca domestica, Symbols for compound
classes are the same as in the preceding table,

Compound Class LECIOO (%)
Podophyllotoxin 1 ¢.122
Ethyl carbamate {urethane) I .25
Ethyl carbanilate (phenyl urethane)} I .5
Colchicine I L0683 **
2-Pivalyl-1-indanedione Sodium II 063
2-Pivalyl-1-indanedione II .125
2-Isovaleryl-1,3-indanedione Sodium I .0313%*
Coumarin II .25
Sulfanilamide I i
p-Nitrophenol 11 .5
Thiourea II .025
N-2-Carboxyethy! diethyl phosphoramidothionate m 013
Pyridine I1I 125
Phenothiazine I .25
Menadione I .25
0,0-Bimethyl-2,2,2-trichloro- 1-hydroxyethyl phospionate I L0079

24
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(5) Toxicity of arsenic and some other toxicants by each route: based on LDso!

Route
Parenteral
i
r
Enteral
"
"

n

Topical

L1}

"

Insect
Apis
Popillia
Oncopeltus
Galleria
Apis
Popillia
Oncopeltus
Galleria
Apis
Popillia
Oncopeltus
Galleria

Order of Toxicity (highest—lowest)

DDT arsenic parathion nicotine ethylene dichloride
parathion arsenic DDT nicotine ethylene dichloride
arsenic parathion nicotine DDT ethylene dichloride
arsenic DDT parathion nicotine ethylene dichloride
arsenic parathion DDT
arsenic DDT nicotine ethylene dichloride

parathion

arsenic parathion DDT

parathion
parathion
parathion
parathion

nicotine, ethylene dichloride

arsenic DDT nicotine ethylene dichloride
DDT nicotine ethylene Cl; arsenic

arsenic DDT nicotine ethylene dichloride
nicotine DDT arsenic ethylene dichloride

¢) Oral LDs; of several arsenicals for various insects:

Compound

Arsenic trioxide

Arsenic pentoxide
Sodium arsenite

"

Aluminum arsenate

17"

"

Zinc arsenite

Manganese arsenate
Acid lead arsenate

" "

Sodium arsenate
Calcium arsenate

"

Insect

Bombyx mori, 4th instar
Musca domestica, adult
Melanoplus femur-rubrum

1"

Melanoplus bivittatus

L)

"

Melanoplus differentialis

Bombyx mori, 4th instar

Melanoplus bivittatus, adult

M. femur-rubrum, adult

Asecia rapae

Datana ministra
Alabama argillacea

Bombyx mori, 4th instar

Yellow necked caterpillar
Catalpa sphinx moth, larva
Leptinotarsa decemlineata, 5th instar

Bombyx mori, 4th instar

Bombyx mori, larva full grown
Pieris rapae, 5th instar

Pieris rapae, bth instar
Anticarsia gemmatilis, 5th instar

Prodenia eridania, 5th instar

Malacosoma americana, last instar

Heliothis armigera, larva

Cirphis unipuncta, larva
Melanoplus differentialig, adult

Apis mellifera, adult
Apis mellifera, adult
Apis mellifera, adult
Apis mellifera, adult
Apis meilifera, adult

*Survival time after 0.4 mg/g = 20 hours,
*¥0,01-0.25 = intermediate zone.
**MLD as arsenic, per se,
***¥*¥Ag arsenic, per se,

d) Quantitative toxicity of sodium and lead arsenates:

Compound

Sodium arsenate

(Na; HAsO,4 * TH,0)

Insect

Anasa tristis, adult*
Ceratomia catalpae, larva** inj

Route

inj

Periplaneta americana, adult &  ftopical

(1}

1

A3

titopical
topical
topical
or
or
inj
inj

¢
4
?
d
1" 9
d
g
o inj***

Dosage

0.015-0.02 mg/g
0.18 mg/g

0.137 mg/g

ca. 0.36 mg/g
0.026 mg/g

0.09 mg/g
0.02-0.04 mg/g
0.015 mg/g*

0.1 mg/g

0.9 mg/g

>1.99 mg/g

0.15 mg/g**

0.02 mg/g

0.05 mg/g

0.062 mg/g

0.08 mg/g; 0.3 mg/g
0,086 mg/g
0.0273 mg/larva***
0.09 mg/g

0.1 mg/g

0.11 mg/g

0.14 mg/g
0.15-0.21 mg/g
0.17 mg/g; 0.26 mg/g
0.25 mg/g

2-4 mg/g

0.0043 mg/g
0.0005 mg/bee***
5.0 Lg/bea¥¥wk
1.8 ug/bee¥***
0.7 pg/bee****

LDy LDsq
(ue/g)  (ug/e)
10 20
10 20
30 100
- 500
- cal00
— >1600
80 250
600 2000
23 30
35 50
- ca2b

LD

(/e

40
30
300
1300

600
6000
45
70

27

206

455
2463
1742
2611
2611
2611

455
2611
2611

459
1381
1381
1103
1381

387

1743,2609

387

586
1742

944

943

944

387

1381,1742
1742
2617
2541

586

231
1852
1852

2219,2220
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d) Quantitative toxicity of sodium and lead arsenates (continued)

Compound

{Na:HAsO,-7H;0}

Acid lead arsenate
(colloidal)

1t

*%

T
Tt

***Bloodstream injection.
T¥tStomach injection.
#Average weight per insect: 0,096 (0.07-0.14)g.

Copper hydroarsenate
Copper hydroarsenate-arsenite

" 1"

" 1"
(1) T

" "

(1)

Compound

Lead arsenate
Calecium arsenate

Paris

green

Insect

Periplaneta americana,

1t "

17 "

Popillia japonica, adult
" " Tt

Periplaneta americana,

P. green + Cunarsenate
Cupric meta-arsenate

of dust for 10 seconds,

Compound

Copper hydroarsenate
Copper hydroarsenate - arsenite

Lead arsenate

Caletum arsenate

Paris green

Paris green - Copper arsenate
Cupric meta-arsenate

Insect

Rhagoletis pomonella

1" (3]

1.5 (1.0-2.3)g.

*Average weight per insect: 0.126 {0.08-0.16)g.

0.9 (0.7-1.15)g.

1.3 (1.0-1.9)g.

Route
adult ¢ inj***
"o injify
"og  injfif

topical #

inj
adult & t topical
" 2%} topical
1" df or
" Q or
"o inj
"e inj
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LD; LDsg
(1g/g) (ug/g)
- cad2
— <50
- ¢ab00
400 850

20 50
200 500
400 1200

b0 150
150 400
200 300
300 750

1300
2100
600
1000
750
1400

iRl

13

Rhagoletis cingulata

T

3]

Rhagoletis fausta

e) Toxicity of various arsenic compounds for 4 insect species; oral route; I = Leptinotarsa decemlineata 108
(4th instar, av. wgt. 0.075¢); II = Heliothis armigera (5th instar, av. wgt 0.315g); Il = Pieris rapae (5th
instar, av. wgt. 0,074g); IV = Melanoplus differentialis (av, wgt. & 0.88g, ¢ 1.45g):

LDgo + 5% limits (mg/g)
L I I v
0,13x.019 - 0.45+.07 2 0.16+.085 o 0.11£.051
0.25 (extra polation) - 0.24+ .02 2 0.10+.053 0.068+.024
0.073+.011 0.17+.038 0.21x.07 -
0,052+ .008 0.21+.083 - 0.18+.12 0.16+.086
0.035+.015 0.023+.008 0.013+.003 — -
0.051+.01 — - 0.048+.016 0.022+.01
(.040+.008 — - - —
(2) Relative speed of action of various arsenic compounds vs. Diabrotica duodecempunciata adults measured
as minutes required after application to yield 50% kill. Toxicants applied by rolling insects in 1 gram
Concentration Arseniec Compound
25% 50% 5% 100%
250 min. 145 min, 135 min. 100 min.
195 " 125 " g0 " 80 "
600 365 v 310 " 245
210 145 7 90 " 80
225 95 " 65 ¢ 55 T
i8g " 140 " 65 " g0 "
206 T 150 125 ¢ g8s
f) Relative toxicity of arsenites, arsenates for Rhagoletis by mouth: 2258
As Elemenial Arsenic (mg/g}
Lethal dosage Intermediate zone Sublethal zone LDsg
NazAsO; 0.16-0,32 0.051-0.15 0.016-0.048 0,10
NazAsQy 0.15-0.30 0,037-0.14 0.007-0.036 0.009
NazAsOs 0.11-0.34 0.042-0.10 to 0.023 0.08
NasAsO, 0.09-0.20 0.047-0.09 0.02 -0.045 0.07
NasAsO, 0,14-0.37 0.029-0.12 0.006 -0.027 0.07
g) Relative speed of action of various arsenic compounds vs. Rhagoletis, measured as mean hours required 2259

after application to yield 50% kill. Deposits from solutions or suspensions made up to contain 1g/100ce:

Compound

Lead arsenate

" tr

Calcinum arsenate

i 1t

Magnesium arsenate
Sucrose (Control)

T 1"t

Insect

R. pomonella

fausta
. pomonella
. fausta

o feslfe i)

[

I

. fausta

. pomonella

Mean Hours

165
90
78
62

240

310

250



Malacosoma americana (=II), Leptinotarsa decemlineata (= IV), Melanoplus differ

as net kill (%) after deducting % kill of normally fed controls,
contain 0,076g As:0; equivalent per 100cc:

Solutions and/or suspensions made to

Compound % Mortality In
- 3 days 6 days

I I m N v A I I m N ¥ A
Acid Pb arsenate 98 39.1 53.1 61.5 376 57.5 100 9L.7 865 723 311 76.3
Basic Pb arsenate 61.3 8.5 536 47 33 40.7 81.6 45 88.5 66,2 31.6 626
Calcium arsenate 96 12 4.3 67.5 63.6 58.8 100 69.1 89,6 66.9 32.6 71.6
Calcium arsenate (12,5 1,1 438 45,6 42,6 30,7 18.7 15,6 8l.4 47 32,6 41.8
(5 other commer- 24 | ] | | | | |
cial samples) ~{12.5 43 60,3 605 624 51.1 96.1 42,1 87.6 73.3 62.6
CONTROL (not fed) 12.2 0 4 20,1 61.2 28,6 15.3 43,7
CONTROL {fed) 0 0 1.9 14.6 355 10.4 0 T 55 20,7 67.4 18.9

10 days 20 days Av, Toxicity

I o0 m N ¥ &k I I W
Acid Ph arsenate - 84.5 87.3 52.5 100 81.1 —_ 100 100 100 1.6
Basic Pb arsenate 96 74,8 87.5 47 100 76.3 100 100 100 100 59.9
Calcium arsenate - 84 82,7 53.7 100 §1.3 — 100 100 100
Calcium arsenate g 22,9 22,2 B4.7T 40.6 100 45.8 29,2 20.5 100 10Q 39.9
(5 other commer- | | |
cial samples) " oo 69,4 87.7 53,2 7.1 100 51.9 63.6
CONTROL (not fed) 71.5 83.3 78.3 37.4 100 100 100 100
CONTROL (fed) ¥ 14,4 12,3 42,5 78.3 117.3 0 41.8 50,5 57.1

entialis (=V). Expressed
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h) Relative toxicity of arsenites, arsenates vs, Bombyx mori (=1), Hyphantria cunea (=II), Malacosoma 586
americana (=IIT), Apis mellifera (=IV). Toxicanis as solutions and/or suspensions made to contain 0.076g
of As;0; or As:0s equivalent per 100ce:
Compound % Mortality In
- 3 days —Gda-}%_ 10 days Toxicity for
1 oL Ix v Ay 1 B il v Av I o IV Ay 1 jid om Iv Av
Acid Pb arsenate 91 11 18 21 353 100 728 822 58 783 — 99.3 100 — 898 97 6l 66.8 39.5 66.1
Sodium arsenate 99 288 366 33 493 100 723 914 62 8L4  — 966 100 - 0BG 007 659 T8 475 723
Arsenate average 8 199 273 27 423 100 725 868 60 79,8 100 98 100 -~  99.4  OR3 63.5 TLE 435 a2
Zinc aTsenite 96 125 68.9 25  50.6 100 375 969 44 696 — 60.9 100 — &7 98.7 37 88.6 345 647
Paris green {1) leo 0.7 657 15 528~ 852 99 62 860 - 100 100 — 100 100 72 saz 385 747
" (2 100 385 593 26 558 ~ B6T 95 85 B4E  — 100 100 — 100 100 752 856 40 759
n "o(8) 98 16.5 539 22 481 00 723 976 57  BLT - 965 100 — 98.9 99.3 G625 83.8 305 712
Argenite average 98.5 2n7 6L9 218 518 100 704 97.7 545 60T 100 89.4 100 — 985 99.5 G60.8 855 381 7L
Londor purple 88 241 347 M 42 100 5T.1 92 33 705 - 947 100 — 952 90.3 BB.6 756 22 639
(arsenate + arsenite)
CONTROL o 0 0.6 0 ¢ 0 8.8 12 0 z6 231
i) Relative toxicity of arsenates vs, Bombyx mori ( =1), Hyphaniria cunea (=II), Hyphantria textor (= ), 586
Apis mellifera (=1V), Malacosoma americana (=V). Solutions and/or suspensions made to contain 0.076g
Asz0s equivalent per 100cc:
Compound % Mortality In
3 days 6 days
i1 I v ¥ Av I I I N VvV Ay
Acid Pb arsenate 91 29.9 47.6 21 18 41.5 100 95.3 84,2 b8 82.2 83.9
Barium arsenate 22 3.2 109 11 14 12,2 68 68.2 373 18 751 53.3
Copper Ba arsenate 61 10 11.%7 9 18,1 22 98 67.5 57 28 83.2 66,7
Magnesium arsenate 91 13.8 5.2 4 - - 100 85.2 465 31 -— -
Aluminum arsenate - 4.7 7.5 - - — —~ 80,8 336 -~ — -
CONTROL 0 0 4] 0 0.6 0 0.8 8.5 12 8.8
10 days Toxi€ity for
I © m § & T T I ¥ Vv &
Acid Pb arsenate - 100 100 100 100 97, 7.1 77.3  39.5 66,8 71.1
Barium arsenate 92 88.2 72.1 99 87.8 60,7 53.2 40.1 14,5 62,7 48,2
Copper Ba arsenate 100 95.2 82.7 100 94,5 B6.3 57.6 505 18.5 67.1 356
Magnesium arsenate — 100 83.8 - - 97 66,3 45,2 17.5 - —
Aluminum arsenate - 98,3 80.9 - - - 61.3 40,7 - - -
CONTROL 0 24,7 16.9 23.1
j) Relative toxicity of commercial lead and calcium arsenates vs. Bombyx mori (=I), Hyphaniria cunea (=1II), 586
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k) Relative toxieity of pure oxides of arsenic and various other arsenic compounds. Net mortality (%) after de- 586
ducting the % mortality among normally fed controls. Solutions and/or suspensions made to contain 0,076g
of As:0s o7 Asz05 equivalent per 100cc, Bombyx mori = I, Hyphantria cunea = II, Malacosoma americana =
IO, Leptinotarsa decemlineata = IV

Compound % Mortality In
- 3 days 6 days

I § m ©§ & I § © N &
Arsenic trioxide 40 21,6 4.6 19.2 21.4 58 67.3 50,5 23.1 49,7
Arsenic pentoxide 100 23.1 68.1 65,1 64.1 — 77.6 85.2 65.0 82,0
Caleium oxide 0 0 0 0.1 0 0 0 0 0.7 0.2
Calcium arsenate 96 12.6 54.3 64.8 56.9 100 69.2 89.6 63.4 80.6
Lead oxide 12.8 0 ¢ 30.5 10.8 31.9 0 1.5 46.3 19.9
Acid lead arsenate 96 39.1 53.1 50.4 59.6 100 91.8 86.5 51.2 824
Zinc oxide 0 0 0 4.3 1.1 0 0 0 12 3
Zinc arsenite 85.7 4.8 73.8 59.8 56.0 28.0 32.1 90 58.9 69.9
Magnesium oxide 0 ¢ - 5.1 - 0 0 - 9.5 -
Magnesium arsenate 96 7.2 - 73.8 - 100 51.6 - 70.3 -
Copper oxide 0 0 - 1] — 0 0 -— 0 —
Paris green 100 18.7 - 85.7 - - 67 - 64.9 -
Copper Ba arsenate — 10 - 63.1 — — 66.9 —_ 68.9 -
Barium oxide - 0 - 0 - - 0 - 4.1 -
Barium arsenate - 4.3 - 57.9 — - 43.7 - 63.4 —
Control {not fed) 12.2 0 0.4 - - 61.2 28.7 15.3 - —
Control (fed) Q0 0 1.9 14.6 4.1 0 0.6 5.5 20,7 6.7

10 days 20 days Av Toxicity

T TTH N A 2I &I T &
Arsenic trioxide 70 95.6 8.9 - 67.1 86 100 100 35.1 54.8 46.1
Arsenic pentoxide —~ 94,2 87.8 - 83.4 — 100 100 100 100 76.5
Caleium oxide 0 0 1.1 - 0.3 0 0 0 1.7 0.2
Caleium arsenate - 92.7 B7.7 - 83 - 100 100 100 100 73.5
Lead oxide 46.8 0 4.8 - 24,3 100 4.1 0 100 65.3 18.3
Acid lead arsenate - 93.7 87.3 - 81.6 - 100 100 100 100 74.5
Zinc oxide 2 0] 0 — 3.8 ] 0 0 24,1 35 2.8
Zing arsenite 100 66,7 86.9 - 14.8 — 70.2 100 100 97.8 66.9
Magnesium oxide 0 1.3 - - - 0 2.2 = 8.6 29.6 -
Magnesium arsenate - 84.% - - — - 74.8 — 100 97.9 —
Copper oxide 2 0 - — —- 2 25 - 0 27 -
Paris green — 93.1 — - — - 100 - 100 100 -
Copper Ba arsenate - 91.1 - — - - 100 - 100 100 -
Barium oxide - 6.4 - - - - .7 - 8.7 4T.2 -
Barium arsenate — 66.9 - - - - 66,3 — 100 93.7 -
Control {not fed) . 1.5 93.6 719.8 - - 100 160 100 — 100 -
Control {fed} 0 4.1 12.3 - 14.7 0 21 50.5 57.1 32.2

1) Relationship between toxicity and amount of arsenic rendered soluble by the insect, Analysis of dead and 586

dying insects made 24 hours after feeding commercial and laboratory prepared arsenic compounds. Apis
mellifera = I, Bombyx mori = I, Ceratomia catalpae = IIT;

Compound % Arsenic
sol* in H,O sol* in bodies of made sol¥ in juices of
(contro) 1 T W Ay I O W Av
Acid lead arsenate {comm) 17.3 44,5 46 83.5 58,0 27.2 28,7 66.2 40,7
Basic lead arsenate {comm) 7.2 28.8 37.7 63.5 47.3 21.6 30.5 56.3 36.1
Calcium arsenate (comm) 35.7 78.6 60.6 84.7 74.6 42.9 249 49 38.9
Arsenic trioxide (comm} 5.2 64.8 33.9 20 39.6 59.6 28,7 14.8 34.4
Barium arsenate (lab) 30.5 69.4 30.3 64 54,6  38.9 v} 33,5 24,1
Calcium meta-arsenate (lab) 2.4 41,8 39,1 22,6 34.5 394 38.7 20.2 321
Paris green {comm) 15.9 98.3 44.3 71 71.2 824 284 55,1 55.3
Paris green + lime 11.0 91.8 37.4 61.2 63.5 80.8 26.4 50,2 52,5
Magnesium arsenate (comm) 37.9 80.3 59.9 98.7 179.6 424 22 60.8 41,7
London purple (comm) 33.2 84.3 484 95,1 75,8 51,1 15,2 61.9 42,7
Zin¢ arsenite (comm) 6.0 58.4 63.8 73.9 65.4 52.4 7.8 67.9 59.4
Copper Ba arsenate {iab) 6.2 74.6 59.2 58,8 64.2 68.4 53 52,6 58,0
Arsenic pentoxide (pure) 100 88.4 70.9 89.6 83 - - - -

Sodium arsenate (lab) 100 73.4 544 89,7 725 — — - -
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Compound Toxicity H:0 Sol* As Av amt As/insect analyzed
based on based on total {mg)

I 1  As in sample (%) I I II Ay
Acid lead arsenate {(comm) 78.5 0.61 0223 .1212 .0126 .052
Basic lead arsenate (comm) 61.7 1,73 .0142  ,0803 .0158 .0368
Calcium arsenate {comm) 65.5 .20 L0098 ,1245 .0189 L0511
Arsgenic trioxide (comm) 69.5 38.0 0091 ,0914 .0285 043
Barium arsenate (lab) 51 .68 .0105 .,0694 .0138  .0312
Caleium metaarsenate (lab) 17.5 .04 .0120 .0676 L0160 L0302
Paris green (comm) 79.5 3,62 L0087 ,1203  .0143 0478
Paris green + lime 66.7 3.52 0075 L1157 .0276 0503
Magnesium arsenate (comm) 71 4.64 .012 .1460 .0173  .0584
London purple (comm) 73.7 9.3 L0068 1315  ,0305  .0563
Zinc arsenite {comm) 7.5 1.25 L0132 1430 L0220  .0594
Copper Ba arsenate (lab) 66 6.27 .0058 .0675 .0177  .0303
Arsenic pentoxide (pure) 78.5 100 0165 1130 .06 0632
Sodium arsenate {lab) 82.4 100 .018 0068 .01689  .0439

*Sol = soluble.

m

—

{1) Caleium meta-arsenate is the least soluble and arsenic pentoxide is the most soluble of the tested
compounds in the insect body.

{2) Arsenic pentoxide and sodium arsenate, although totally water soluble before ingestion, were recovered
only to 75% as water soluble As.

(3) The greater the per cent of As made soluble by the inseet juices, the greater is the toxicity rate of an
arsenic-containing compound.

(4) Percentage of water soluble As in original samples is unrelated to toxicity save in the case of com-
pounds completely water soluble.

(5)In general the greater the average amount of As in the insects analyzed the higher is the toxic rate of
that arsenical.

(6) Using average weights of undried insects fed on all 14 arsenic compounds and the average arsenic
content per insect:

Insect Average Wgt (mg)  Arsenic Content (mg)
Apis 28 0.0119
Bombyx 1370 0.1063
Ceratomia 1620 0.0219

(7} None of the water extracts of arsenic-fed insects showed alkaline reaction, and the highest acid reaction
was pH 5.8; average pH, 14 arsenicals:

Apis PHE.0
Bombyx pHS.T
Ceratomia pHG.1
Relation of the quantity of water-goluble arsenic to the toxicity of various arsenic compounds. Test in-

sects: Bombyx mori = I, Hyphantria cunea = II, Malacosoma americana = III, Leptinotarsa decemlineata,
larva = IV, Melanoplus differentialis = V, Hyphantria textor = VI. Comm = commercial product, lab =
lahoratory grade, pure = chemically pure:
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586
586
586
586

586

586

586

Compound Insects Water Soluble As Net Toxicity (%) After
- - Based On Total As Deduction of Control Mortality
Basic lead arsenaie (lab) I IT, If, IV 1.15 21.5
" " " (eomm) " 1.73 60.9
Acid lead arsenate (lab) tr .57 59.6
Arsenic trioxide (pure) " 17.77 46.1
Arsenic pentoxide (pure) " 100 76.5
Zinc arsenite (comm) " 1.25 66.9
Acid lead arsenate (new process) I, I, IV .69 66.9
noon " (comm) I, I, 10, 1V, V .61 68.9
Calcium arsenate (comm} " 41 70.0
" 11" Tt " .88 39.9
" " " " 1.31 59.2
" " " " -20 60.1
T " ™ " -52 43.1
" " rn " 5.20 65.9
" " (lab) " .88 52.5
Caleium meta-arsenate (lab} m, 1Iv .04 3.6
Monocalcium arsenate (lab) " 89.26 81.2
Na arsenate + Bordeaux Mixt. IO, Vv, VI - 61,7
Paris green (comm) " 3.52 65.5
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m) Relation of the quantity of water-soluble arsenic to the toxicity of various arsenic compounds. Test in- 086
sects: Bombyx mori = I, Hyphaniria cunea = II, Malacosoma americana = III, Leptinotarsa decemlineata,
larva = IV, Melancplus differentialis = V, Hyphantria textor = VI, Comm = commercial product, lab =
laboratory grade, pure = chemically pure: (Continued)

Compound Insects Water Soluble As Net Toxicity (%) After
Based on Total As  Deduction of Control Mortality

Magnesium arsenate {comm) I, I, v, vi 4.64 50.2

Barium arsenate (lab) " .68 43.6

Copper Ba arsenate (lab) " 6.27 48,9

Aluminum arsenate (lab) I, 1v, VI 1.91 39.3

(1) Pure arsenic pentoxide and laboratory mono-calcium arsenate, both readily water soluble, showed high 586
insect toxicity; however some arsenic compounds, almost insoluble in water, showed toxicities almost as
great.

(2) The toxicity of insoluble arsenic compounds does not seem to be based on the water-soluble arsenic 586
present but rather on the stability of the particular substance and the ease of its breakdown in the insect
body.

n) Amounts of arsenic consumed by cerizin insects in feeding tests involving various arsenic-containing com- 586

pounds. Insects: Hyphantria textor, larva = I, Leptinotarsa decemlineata, larva = . d = insects dried;
wd = insects washed and dried:

Compound mg As/larva Av. As {(ppm) In Net Toxicity
larvae  feces (mortality of control deducted)
I I I pis I 1 IL
Acid lead arsenate wd 0017 d .0017 (comm) 359 141 527 — 62,1
" " " d .0025 d .0038 (lab 395 327 1114 68.6 97.9
Calcium arsenate (comm) wd ,0014 d .0026 303 205 748 - 62.7
' " " d .0024 d .0026 481 - 1125 59.1 -
Basic lead arsenate (comm} d .04 d.0o02 691 168 330 48,9 534
Calcium arsenate (lab) d4.0033 d.0043 436 311 851 15,1 61.8
Calcium arsenate + lime d .004 d.,0042 674 330 355 6.3 61.9
Barium arsenate (lab) d 0027 d .0049 399 350 3656  3L.8 50.9
Magnesium arsenate {comm) d.005 d.0029 747 223 539 36,5 57,1
Na arsenate + Bordeaux Mixt. d .0016 d.0028 303 257 818 59.3 51.8
Zinc arsenite {comm) d .0055 d.0018 917 172 903 63.6 54,7
Paris green (comm} d .005 d .0024 911 206 946 62.6 959.5
Aluminum arsenate (lab} d .0028 - 383 — 840 32,0 -
Copper Ba arsenate {lab} d4.0053 d.0051 613 460 308 41,8 54.7
CONTROL (feces) - - — — 15 —

o} Toxicity of several arsenic-containing compounds, and various samples of such compounds tested as 206
stomach poisons by feeding on dusted leaf squares to Alabama argillacea, bth instar; note variations with
compound, with sample, with particle size, efc.:

Compound Dosage Range mg/g Relative
Ag,0;  As,0y Asg,0s As20s sublethal intermed. lethal LDs Toxicity*
(Total (H,O sol {Total . {H.O sol zone Zone zone
%) ) %) ) (meg/g)
Paris green (I.D. 3673) 58.4 2.33 — — (.,001-,004) (L01-.03) {.04-.67) .01 25
Calcium arsenate (I.D. 3672) - - 43.5 0.11 (.010-.06) (.07-.46) {.47-1.35) .25 1
Paris green 3673 +'Ca arse-
nate 3672 .
1.D. 36878 P.g.**10: C.A.90 — 0.38 45.4 0.10 .02 (.03-.08) (.09-.34) 04 6.3
LD, 3738 P.g. 7.5:C.A.92,5 5,06 - 44,72 0.03 (.02-.04) (.05-.15) (.16-.22) 09 2,8
Calecium arsenate LD, 3671 - — 40.5 0.14 (.01-.08) (.09-.21) (.23-,52) .18 1.4

" " I.D. 3737 - — 42.1 0.03 (.01-.06) (.07-.22) (.23-.47) 19 1.3

o " I.D, 3174 - - 43.57 0.18 (.01-,086) (.07-.15) (.16-.72} .12 2.1

" " I.D, 3208 - - 41.0 .11 (.04-.07) (.08-0.2) {.21-.41) .18 1.4

" " 1.D. 3209 - - 43,14 0.11 (.03-.50) {51-1.0) (1.05-1.24) 72 0.3

Lead arsenate 1.D. 3674 - — 311 0.22 (.004-.008) {(.01-.03) (.04-.38) 02 12.5

*Relative toxicity referred to calcium arsenate 1.D. 3672 as the standard.
**P.z, = Parig green.
**3+C,A, = Calcium arsenate.

(1) Calcium arsenate 3174, coarsest particle size yielded 85% kill;
" " 3208, medium particle size " 64%
3209, finest particle size " 27% ™ in cage tests vs, Anthonomus grandis.
(2) Calcium arsenate 3671 and 3737 are finer in particle size than 3208 but not as fine as 3209,
p) Toxicity for insects of organic arsenical compounds employed as stomach poiscns:
(1) Data for 61 organic arsenicals tested vs. Tribolium confusum for insecticidal effectiveness is reviewed
in Reference 1618,

" "
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Phytotoxicity:
a) Toxicity of various arsenic compounds for the cranberry bean, London horticultural variety, in humid
chamber tests, Leaves dipped in suspensions of arsenic compounds of various strengths:

Compound % of Leaf Area Injured At Concentrations Of
0.05% 0.1% 0.125% 0.2% 0.3%
Copper hydroarsenate trace 2 4 4 1
Copper hydroarsenate-arsenite trace 1 5 8 2
Lead arsenate frace 3 4 20 20
Calcium arsenate 19 58 65 53 72
Paris green 70 100 100 100 100
Paris green-Calcium arsenate 20 62 38 81 93
Cupric meta-arsenate 7 90 61 96 99

b) Soluble arsenic is intensely toxic to plants by any route of entry, therefor in insecticidal use on plants
arseni¢ compounds are applied in as insoluble a form as possible. Sufficient solubilization of the arsenical
in the insect body is depended upon to achieve insect killing. Still, insolubility dees not entirely lift the
phytotoxic hazard for any arsenical, Weathering and other influences may release soluble arsenic in
phytotoxic amounts.

{1) Soluble arsenic may enter a plant via the leaf cuticle, principally where this is thinnest on the leaf
undersurface, via trunk, limbs, twigs (particularly if the bark is damaged) in which case death of a
whole tree or of the affected limbs and twigs may ensue, or via the roots in trees especially if the
upper roots are damaged. Permeability of the plant is enhanced by moisture, high humidity, lime, leaf
or bark wounds, and insect damage. Direct damage may be done to fruit and foliage by tissue plasmolysis.

(2) Arsenic acts on the plant as a protoplasmic poison which alters and impairs fundamental cell activities.
Acute phytotoxicity is revealed by blackening of foliage and death of leaves, the older leaves being more
susceptible. Basal foliage is killed before terminal foliage and chlorophyll is destroyed. Arsenic ab-
sorbed from foliage is not translocated to the roots, while arsenic taken up from the soil is deposited
chiefly in the leaves, reaching, in tolerant plants, very high levels. The usual symptoms of plant damage
on apple trees and other pome fruits as examples are: Spot or marginal burning, necrosis, or red,
brown or purple discoloration. Leaf yellowing with the yellowing advancing from areas of spot damage
followed by leaf-drop. Rapid absorption over the whole leaf surface yields quick leaf-drop.

(3) A rapid rise in respiration follows intake of arsenic by the leaf, with yellowing and leaf-drop ensuing if
the rate inecreases by more than 50%. In oats, responding to arsenite in water at1ppm, transpiration de-
clined. Sub-toxic amounts of arsenic may stimulate plants physiclogically to promote growth and speed
fruit maturity,

{(4) Any circumstance which inereases the amount of soluble arsenic available for plant uptake enhances
arsenical phytotoxicity, Temperatures above 80°F, humidity (fog, heavy dew), slow drying conditions,
application time, atmospheric chemicals, e.g. NaCl, CO;, tend to enhance plant hazard, Soap increases
hazard by promoting solubilization in “‘soft’ waters but decreases hazard in “hard”’ waters.

(5) The peach tree is particularly sensitive to arsenic damage and shares this sensitivity with other drupes
viz. the plum and cherry trees. Pomes, {apple, pear and quince trees) are arsenic sensitive. Beans,
cucumbers, oats, and lettuce are highly sensitive plants. Grasses are, in general, resistant but some,
for example blue grasses, are sensitive, Most shade and ornamental trees are less sensitive than
pomes but still susceptible to damage; even conifers may be harmed under certain conditions by calcium
arsenate. 1311,57,

{6) Arsenites are in general more phytotoxic than arsenates but in each class variation exists. Lead arse-
nate is least phytotoxic in orchard use,while calcium arsenate is most hazardous for such purposes,
““Safening’’ substances are often combined with arsenic compounds to trim or minimize plant harard.
Among such ““safeners' are: Lime (for some), metallic oxides viz. ferric oxide, zinc sulfate, zinc

sulfate + lime. 29567,1191,1177,97,

(7) Accumulation of arsenic in the scil as a result of insecticidal application in orchards tends to be limited
to the upper 8 inches of the soil bed. Arsenic becomes fixed in soils, the speed and proportion being
influenced by soil type. Accumulated scil arsenic reduces productivity of soils, the yield of crops,
germination of seeds and growth, the degree of effect being roughly proportional to the soluble arsenic
in the soil. Such effects are well-known on certain old orchard soils. 618,3170,23,

PHARMACOLOGICAL, PHARMACODYNAMIC, PHYSIOLOGICAL, BIOCHEMICAL: INSECTS:

1) Arsenic compounds are for insects essentially “stomach’’ poisons, but they may exert contact action as well.

2)

In Periplaneta, exposed to sodium arsenite, absorption is via the midgut whence arsenic passes to haemolymph
and tissues. Periplaneta and Locusta have shown heavy arsenic concentration in midgut tissue with none in
fore- and hind-guts,

Insect responses which affect or limit arsenic intake:

a) A repellent action is known for arsenicals; for example, sodium arsenite is avoided by some: Euxoa,
Euproetis, Locusta migratoria. Locusta also avoids Paris green.

b) In Euxoa, sodium arsenite inhibits, then produces, spasm of the anterior midgut sphincter which leads to
vomiting, Pieris rapae larvae do not show this response,

¢) Digestive sedatives, for example, bismuth subcarbonate, in¢rease toxicity of lead arsenate for Popillia
japonica.

d) The cathartic effect of some arsenicals leads to elimination of the poison before absorption. Sodium meta-
arsenite, and Paris green are purgative for Euxoa and Pieris, costive for Locusta. Lead arsenate in-
creases, AspO; decreases food passage time in Periplaneta.
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Insect differences in arsenic absorption:
a) Euxoa larvae absorb much less intaken arsenic than Pieris and Locusta and pass less to the tissues. 3206
35-40% of ingested arsenic appears in tissues of Pieris and Locusta, 20% in Euxoa. In Periplaneta 12% 970
of argenie (taken as sodium meta-arsenite) passes, ante-moriem, to the tissues, As’™, as Asi O, is only 2303

slightly absorbed from gut by Tenebrio and Phlegethontius.

Efficiency of removal of As from the insect body:
a) High efficiency of removal via the Malpighian tubules is shown by Euxoa in which a 10-fold dosage increase 3206
does not increase tissue arsenic as in Pieris, Locusta.

Effects of insect gut pH:

a) In Musca, arsenite solutions of various pH are equally toxie by ingestion. 2463

b) pH of the insect gut is a prime factor in toxicity. For example, Ca arsenate (solubility decreases to ca. zero 3108
in alicaline media) is excreted unchanged from the gut (pH 8-9) of Bombyx mori larvae. For Dixippus, gut
pH 6.6, Ca arsenate is an active poison.

¢} Pb arsenate solubility is enhanced in alkaline media; thus for Carpocapsa pomonella, gut pH 8.5, although 3108
it has 1/3 less As than Ca arsenate, it is equally toxic.

d) Arsenic salts of weak acids liberate free arsenic and arsenious acids. Phosphoric acid is the principal 1593
inseet gut acid; thus: Pb arsenate — Pb phosphate (insoluble) + arsenic acid {soluble) or arsenate iomn, 3031
The relative degree of dissociation to soluble arsenic in phosphate buffers at the gut pH of 9 insect species
parallels the relative toxicities of Pb-, Ca-, and Mg- arsenates.

e) Soluble As, as dissociated arsenical ions, is less toxic than undissociated arsenic acids. For example, Na 814
arsenite, Paris green are little toxic to some larval lepidoptera of gut pH 9,2-9.7, the arsenic being present
consequently as dissociated salts. For Locusta migratoria, gut pH 6.8, acid radicals (thus undissociated
Na arsenite and Paris green} show high toxicity.

Effects of temperature:

a) Prodenia eridania and Anticarsia gemmatilis larvae, fed Ca arsenate, acid Pb arsenate, or Cu arsenate 943
and held at 60°F yielded a mortality 2-fold greater than at 80°F, although the mortality was later in develop-
ment,

Symptoms of poisoning; sequential:

a) In Prodenia eridania larvae given Pb arsenate: Stopped eating, regurgitated, became inactive {followed 3349
in some by temporary activity) died without convulsions.

b) In Blatta orientalis nymphs given As:Os: Watery diarrhoea, feeble movements, paralysis with spasmodic 1007
twitching on stimulus, death.

¢) In Periplaneta americana given arsenites, arsenates by injection: Decreased activity, loss of equilibrium 2327
and of recovery reflexes, general asthenia, weak response to stimulus, no response to stimulus, death,

d) In Apis mellifera adults given As;O; at 0.76 ug/bee: Average life was 5.4 days (conirols 8.4 days), in- 2327
activity with few deaths 2nd day after feeding; rapidly dying on 3rd day with swollen, dragging abdomens,
staggering, inability to fly.

Histological, histopathological effects:

a) Prodenia larvae, 3 hours after oral poisoning by Pb arsenate while in the stage of feeble movement showed: 3349
Cells of midgut epithelium in disintegration with loss of the striated border, dissolution of cell membrane,
cytoplasmic vacuolization, nuclear changes with chromatin clumping, dispersion, dissolution. Similar re-
sponses attended Ca arsenate, Ca arsenite, As20;. Paris green produced little histopathology.

b) Effeets similar to the above followed Na and Ca arsenates but not Paris green in Vanesgsa larvae, Locusta 3349
nymphs. Massive epithelial desquamation of midgut in Vanessa; in Locusta epithelial cell plasmolysis 2510
and denudation stripping bare the basement membrane. 2439

¢) Blatia, fed As;Os, showed decline in haemocyte count from 37,000 to 7000 per cc with elimination of the 1007
large cell types. Similar effects noted in Locusta + the increase of small haemocytes and frequent mitosis. 2762
In Schistocerca given Na arsenite by contact similar effects followed, also with frequent mitosis, Callip-
tamus yielded similar effeets with, also, the presence of abnormally large haemocytes.

d) Blockade of haemocytes in Periplaneta enhanced arsenical toxicity suggesting these cells as a possible 3383
detoxification site.

e) Arsenicals produced decline of blood volume due to water loss via alimentary hyper-secretion. 1592,2407

Physiological, biochemical effects:

a) Bombyx mori larvae fed Na arsenate showed decrease in heart rate; the same by injection brought increase 456
in heart rate.

b) In Leptinotarsa: As produced no effect on digestive enzymes or the oxidases, peroxidases, or proteases of 998

the Malpighian tubules whose ability to excrete salts remained unimpaired. 2459
¢} As yields apparent damage to SH {sulfhydryl) containing enzymes., SH groups suggested as arsenite ion 3192
receptors. Glutathione and cystein protect (mammals) against As. A marked decrease, 20-80%, of free 3193
SH groups attends As intake. 999
d) Leptinotarsa larvae poisoned by arsenates or arsenites showed decreased 0O: consumption with Qe increase. 997
e} Tsolated Carpocapsa tissues in presence of Na arsenate showed 30-50% decline in O; uptake. 1243
f) Insect dehydrogenases are poisoned by arsenite. 2762,2846

g) At concentrations much greater than the decisive lethal dose in tissue preparations of Carpocapsa respira- 3385
tory enzyme inhibition declined. An inflection in the concentration-effect curve {criterion: survival time)
occurred for Blatta and Periplaneta given, by injection, NaAsO; and Na,HAsO,.
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h) At low dosages, As has been found harmless and even ‘‘chemotherapeutic’’ for some larval lepidoptera.

10) Trivalent and pentavalent As:

a) Differences in toxicity between As*™* and As*+++* have heen noted in some cases but not in others,
Arsenite inhibits some enzyme systems which arsenate does not affect. Arsenate may partly replace
phosphate in yeast glycolysis.

b) For Malacosoma and Datana larvae arsenate is greatly less toxic than arsenite,

¢) As:0; and Na arsenate proved less depressant to Leptinotarsa respiratory rate than As;Os and Na arsenite,

d) Vs. Apis mellifera and Locusta migratoria arsenite and arsgenate are approximately equal in toxicity.

e) In arsenical poisoning, arsenates are believed to be reduced to arsenites. The toxicity of arsenates is
increased by sulfite and by zinc dust which enhance reduction.

TOXICITY AND HAZARD OF ARSENIC FOR HIGHER ANIMALS

1) Quantitative:

35

2038

164

454
997
454,2439

3107

Animal Route Dose Dosage Remarks
Man or Toxic 0.21-10 ppm In water. 159,3379,960
Man or MLD 130 mg/average man As As:04 (100mg As perse). 448
Man or MLD 2 mg/k 2815
Man or LD 12 ppm In water. 547
Rabbit or LDgs 20 mg/k As ASxOs. 1870
Rabbit or LDy 100 mg/k As lead arsenate. 1870
Rabbit or LDso 50 mg/k As calcium arsenate. 1870
Dog or LDso 85 mg/k As Ag.04, 1870
Dog or LDgo 500 mg/k As lead arsenate. 1870
Dog or LDgo 38 mg/k As caleium arsenate. 1870
Pig or MLD 500 mg/animal Argenic element, 25083
Sheep or MLD 850 mg/animal Arsenic element. 2593
Cow or MLD 2000 mg/animal Arsenic element. 2593
Horse or MLD 2000 mg/animal Arsenic element. 2593
Guinea Pig or MLD 14 mg/k As lead arsenate. 2404
Laboratory Animals or MLD 5-100 mg/k As As,0.. 2921
Mammals or MLD 100-500 mg/k As lead arsenate, 1870
Fish Medium Toxic 1.1 ppm Arsenic element. 2400,1060
Crappie Medium Toxic 15 ppm Arsenic element. 3233
Bluegiil Medium Toxic 15 ppm Arsenic element, 3233
Minnow Medium Toxic 20 ppm 36 hrs exposure; Na arsenite. 1276
Minnow Medium Toxic 250 ppm 36 hrs exposure; Na arsenate. 1276
Bass Medium Harmless 6 ppm Exposure ¢a, 10 days. 3233
a} In drinking water, the following concentrations with long exposure have proved toxic: 0.21 ppm, 0.3 - 1.0 960
ppm, 0.4-10 ppm. 159,337%
b) Fowl and pigs have succumbed to a single feeding containing 0.1 grain arenic per ounce of ration. How- 3103
ever, in selenium poisoning, animals have been treated with 12-15 ppm arsenic in water. 5 ppm, as 2074
Na:HAsO0; has counteracted selenium poisoning in pigs and rats, 537
2) Chronic toxicity of arsenic:
a) Save at high dosages, arsenic does not tend to be cumulative. Sheep have survived 500 mg/day and cattle 2593
and horses 2000 mg/day without development of symptoms.
b) In man, chronic arsenosis is slow of onset, not becoming patent for 2-6 years. In drinking water the 159
following concentrations have been reporied safe: Refs, 2054
0.05 ppm [62,2400,1229]
0.1 ppm [3089,3119,2272,159,1815]
0.15 ppm [ 2400,960,2718 ]
0.15-0.25 ppm [3119]
0.2 ppm [ 62,2351}
1.0 ppm (temporarily) [62]
¢) As employed in arsenical cattle-dips, arsenic is highly poisonous and has presented under some circum-
stances a high hazard. Arsenic may be absorbed through the unbroken skin and acute poisoning by this
means has brought death in from 1-2 days. Less acute effects of poisoning have been skin blistering,
cracking and peeling, diarrhoea, emaciation, anorexiza, obvious signs of pain in the affected animals. Even
a dip dosage normally deemed safe may in wet weather, or if animals are overheated, prove poisonous.
Indiseriminate and careless voiding of arsenical cattle dips may seriously contaminate soil and water
sources,
3) Residue hazards:
a) Resgidue hazard of arsenicals:is high. 353,2815
h) Alfalfa fodder containing 650 ppm calcium arsenate has been fatal to cattle. 347
¢) Sprayed on alfalfa at 2 Ibs/acre (residue = 10-90 ppm) presented no hazard. Cattle and sheep fed alfalfa 1063

sprayed at 3 lbs per acre showed no toxic signs. Decrease or halt in weight gain began with fodder sprayed

at 8 tbs/acre.
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d) Even on fodder sprayed at 8 lbs/acre with ealcium arsenate (residue of 140 ppm) the intake of cows and 2593
horses {30 Ibs forage) gives less than the 2000 mg of As;Os which is tolerated.

e) Na arsenite residues have a higher hazard, being toxic or lethal to cattle feeding on grasses sprayed at 2593
1.5 Ibs/acre in locust control and receiving a total accumulated dosage of 4.2g (= to 2g As element).

1) Residues have been 2 problem for animals pastured in orchards treated yearly at 100 lbs/acre, At 25 lbs/ 2404
acre chickens are unharmed, sheep show symptoms but recover, calves show mortality, At 8,5 lbs/acre
calves are subject to anorexia,

g) Sheep, exposed to lead arsenate and excreting 2-5% of the intake, must accumulate Tg (1.5g As element) 2983
for fatality.

h) Residues on fruits have been considered a hazard to man., In England maximum permitted levels over the 353
years have ranged from 0.025 grain/lb apples (as As:0s) to 0.01 grain (1.4 ppm)/Ib apples to 3,6 ppm in 1079
1940. Arsenic is not absorbed into the fruit itself but remains on the surface. Unless natural weathering
reduces residue below danger level, washing of fruits in dilute acid is a necessary prelude to marketing.

Wine made from arsenic-sprayed grapes, and oil from arsenic-sprayed olive trees are said to be arsenic-
free,
PHARMACOLOGICAL, PHARMACODYNAMIC, PHYSIOLOGICAL (HIGHER ANIMALS)
1) Trivalent arsenic {As:0s for example) is an acute gastrointestinal irritant whose symptoms imitate those of 1220
cholera in some regards,

a) Within one hour after intake a feeling of throat tightness and acuie stomach pain ensue; vomiting becomes
constant with blood in the vomitus; diarrhoea and excessive urination with blood in the stools and urine,
follow; the skin is pale, chill; blood pressure declines; severe thirst is characteristic. Coma and death
within the day attend acutely toxic intake.

b) Emergency measures: Emetics, lavage, purgation. Ferric hydroxide as antidote is useful only if given
very early.

2) Symptoms of chronic arsenosis in man:

a) Pigment deposits about neck, armpits, eyelids; palmar and plantar hyperkeratosis, cedema of face and 12206
ankles; chronic diarrhoea; apathy and extreme dullness of mind. Half of the documented cases have shown
keratosis and skin lesions predominantly, one fourth have exhibited gastric signs, one fifth have shown
such neurotoxic signs as: Tremors, cramps, neuritis, paralysis and epileptiform fits.

b} Arsenic-caused skin lesions have become cancerous and pre-cancerous; As.0s; is considered a carcinogenic 3225
agent.

3) Acute poisoning in livestock:

a) Signs are ulceration and necrosis of stomach, depression, coma, a characteristic facies (horses especially), 2593
Calves have shown hindquarter paralysis advancing cephalad, rapid respiration, convulsions followed by 2404
death in tetany,

b) Sheep have tolerated arsenite dips of concentrations 0.2% (as As,0s). 60-90 mg are absorbed cutaneously 1527
but there is concomitant exeretion via urine and saliva.

¢) Wound mortification may follow arsenic-containing dips, 725

4) Chronic poisoning in livestock:

a) Symptoms may begin with skin thickening and peeling, Calves have exhibited anorexia, asthenia, stiff 2593
joints, diarrhoea, cachexia. 2404

b) Arsenic intoxieation apparently does not exhibit marked or characteristic histopathology. Hepatic fatty 353
degeneration and kidney pallor may follow more frequently after arsenates rather than arsenites.

¢} Arsenic is eliminated via urine, faeces and other secretions and excretions; it may appear in the milk of 2815
exposed animals. Accumulation, when intake outstrips excretion, is chiefly in the liver and to a lesser 2593
extent in the kidneys, 448

d) Trivalent arsenic inhibits and has profound effects on cell respiratory mechanisms, being a protean and 3224
protoplasmic poison. 3225

e) Arsenic combines with, and inhibits, iree SH (sulfhydryl) groups and dehydrogenating enzymes {not as 3192
arsenate per se but must first be converted to arsenite for this effect). Cysteine and glutathione, SH 3193
contzining substances, are protective.

f) 2,3-Dimercaptopropanol (BAL; British anti- Lewisite) is protective and chemotherapeutic in arsenic in- 886
toxication. BAL, given intramuscularly, increases the rate of As elimination. BAL controls skin lesions 2489
and other manifestations caused by trivalent As. The detoxification mechanism follows:

CHy-SH C1 CH:-8
(:JH -SH + _AsCH=CHCl — (::H . ——As CH= CHCL+ 2HCL
CH,-OH Cl CH:-OH
{BAL) (Lewisite)
HAZARD OF ARSENIC FOR BENEFICIAL INSECTS
1} Vs. Apis mellifera, honey-bee:
a} Arsenic is extremely toxic to bees; as As;Q; the MLD is 0.2-0.5 ug/bee. 286,2192 2541

b} In apple orchards, Pb arsenate is not applied until flower petal fall, at which time the bee-hives are sealed,
¢} Arsenic is fatal not only to the field worker bees but via the nectar and pollen kills or decimates the colony
entire,
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d) The chemical sense of bees does not, evidently, detect arsenic-sprayed plants.
e) Death of bees may begin within 3 hours of exposure to Pb arsenate in open, nectar-secreting flowers.
f} Bees caged on Pb arsenate sprayed trees showed 69% mortality; on dusted trees 499 mortality with
mortality of caged controls being 19% in the same period of time.
g) Caleium arsenate is intensely hazardous for honey-bees, 907,906,911,2540,2808
2} Toxicity via oral route of arsenic and fluorine compounds for Apis mellifera: 1852,231,290
Arsenicals LDy, Fluorine Compounds LDso
(as As element)} (1g/bee) (as F element) (pe/bee)
Sodium arsenate 1.8 Sodium fluoride 6.0
Calcium arsenate i Sodium silicofluoride 24.0
Acid lead arsenate 3.0 Cryolite 4.2
a} Calcium arsenate in coarse particles, (diameter 18-28 ) is much less toxic than in fine particles (2-3 p), 231
b) Acid lead arsenate (particle diameter average: 28u) may show an LD;, dosage up to 185 pg/bee. 231
ARSENIC TRIOXIDE (*“Arsenic’’; White arsenic; Arsenious oxide;
Arsenious acid anhydride; Arsenic sesqui-
oxide.)
As04 Molecular weight 197.82
GENERAL 2815
White arsenic, as arsenic trioxide is commonly known, is the usual source of arsenic for commercial arsenicals 353
used as insecticides. Like other arsenic-containing insecticides, arsenie trioxide is employed chiefly as a 24407
stomach poison for inseects in baits and traps, Under proper conditions, arsenic trioxide shows a potent contact 2221
action in insects. The compound is intensely poisonous for animals and plants and presents a high hazard, 1059
PHYSICAL, CHEMICAL
A white amorphous solid or a crystalline powder; the amorphous masses may be glassy; m.p. (oetahedral
crystals) 275°C, (monoclinic crystals) 313°-315°C; b.p. (sublimes above 150°C, the crystalline forms sublime
unchangeod, and without fusion, when rapidly heated; amorphous forms fuse before subliming;) d 3.71; v.p. 66.1
mmHg"*"; soluble in water to 1.7 parts/100 at 16°C, 10.4 parts/100 at 100°C; solubility is ordinarily given as
2%-4% in distilled water at room temperatures; solution in pure water is slow but in dilute acids and bases
rather rapid; soluble in dilute acids, alkalis, carbonate solutions; practically insoluble in organic solvents such
as aleohol, chloroform, ether; in water solution becomes arsenious acid (sensu stricto), HaAsO;, which by com-
bining with bases ylelds salts—arsenites; arsenic acid is formed irom arsenious acid by the action of fairly strong
oxidants; odorless, tasteless {properties which enhance the toxic hazard for animals).
1) Arsenic trioxide equivalents of some common, commercial arsenic insecticides:
As:0; Equivalent Insecticide Equivalent
Ingecticide Lbs/100 lbs Lbs/100 Ibs As,0,
Lead arsenate 28.5 350.9
Caleium arsenate 36.2 276.2
Paris green 56.8 176.1
London purple 36.2 276.2
TOXICOLOGICAL
1) Toxicity for higher animals:
a) Solutions when ingested are more toxic than the solid compound, 2791,2921
Animal Route Dose Dosage Remarks
Man or MLD {?) 130 mg/man 2815
Man or Toxie 100 mg/man 2221
Man or Toxic 0.4-10 ppm In water. 2954
Mouse sc LD 11-13 mg/k 1477
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a) Solutions when ingested are more toxic than the solid compound. (Continued} 2791,2921
Animal Route Dose Dosage Remarks
Rat (Albino) sc 1D 8 mg/k 1372
Rat {Norway) or LDso 138 + 13 mg/k 790
Guinea Pig or LD 20-39 mg/k As the sodium salt. 288
Guinea Pig sc LD 13 mg/k 447
Guinea Pig ip LD 16 mg/k 1477
Rabbit or LD 14 mg/k 1676
Rabbit or D 14-30 mg/k As the sodium salt, 1477
Rabhbit or LDg 20 mg/k 1870
Rabbit sC LD 7-10 mg/k 147%
Rabbit iv LD 6 mg/k Death in 7-20 hours. 1703
Cat sc LD 4.7 mg/k 1477
Dog or LDso 85 mg/k 1870
Dog or LD 30-70 mg/k 1477
Dog sC D 6 mg/k 1477
Dog iv 1D 3-5 mg/k 1477
Pig or MLD 500 mg/animal 2593
Sheep or MLD 850 mg/animal 2593
Horse or MLD 2000 mg/animal 2593
Cow or MLD 2000 mg/animal 2593
Fish Medium Toxic 10 ppm 3231
Bass Medium Toxie 10 ppm 10 days exposure, 564
Fish Medium Harmless 1 ppm 353
Fish Medium Harmless 2-7 ppm 1-7 days exposure, 2400
Fish Medium Harmless 5 ppm 2400
Fish Medium Harmless T ppm 1-7 days exposure. 92,386,939
Trout Medium Harmless 10 ppm 1 month exposure, 2271
Minnows Medium Harmless 17.1 ppm 17.1 hour exposure. 2400
Mussels Medium Toxic 16 ppm 3-16 days exposure. 939
Mussels Medium Harmless 8 ppm 939
Planaria Medium Toxic 40 ppm 939,2400
Fish Food Organisms Medium Toxic 2-4 ppm Includes aguatic insects, etc.  564,939,3021
Zotplankton (some} Medium Harmless 5 ppm 2716

2) Chronic toxicity for higher animals:

a) Not, strictly speaking, a cumulative poison save in high chronic intake. 353
(1) 1-6 weeks required for complete excretion, chiefly via urine and feces. 353
{2) More arsenic is deposited in the tissues when caleium arsenate is given than when arsenic trioxide is 446

fed. Marked species variation noted in storing capacity; for example, dog stores much less than rat.
{3) Normally eliminated much faster ihan lead, a truly cumulative agent. 2815
{4) Sheep tolerated 500 mg/day, catile and horses 2000 mg/day without symptoms. 2593
(5) Development of tolerance (‘‘arsenic fastness™) is claimed for human ‘‘arsenic eaters,” 2815
As:04 to kill in these cases is probably attributable more to the coarse form in which the compound is 1400
taken than to any particularly marked tolerance, Fatalities do cccur among ‘‘arsenic eaters.”’
{6) The importance of the form in which As:0s is taken is illustrated as follows: 2815,1400

LD, oral, in solution for rats = 75 mg/k or less.
LD, oral, undissolved, particles 2.5-12.5p= ca 100 mg/k.
LD, oral, crystals, particles of much coarger grain = as much as 500 mg/k,

3) Pharmacological, pharmacodynamic, physiological, etc., in higher animals, {Also consult the section titled,
Arsenic and Arsenicals, General Treatment):
a) Symptoms of intoxication (Man);

(1) As,0Os is a severe gastrointestinal irritant. In man, within 1 hour of intake: Consiricted feeling at
throat, sharp, severe stomach pain followed by confinued vomiting, diarrhoea, excess urination, with
blood present in all effluvia; skin cold and pale, respiration and blood pressure depressed, coma
followed by death within the day.

2221
353

(2) Chronie effects in man include: Diarrhoea, skin pigmentation, dermatitis, keratosis of palms and soles, 2221

puffy oedema of face and limbs, paralysis of limbs (sometimes), mental apathy approaching imbecility, 353
convulsions.
(3) Arsenic trioxide is known to induce skin cancers. 3225
b) Symptoms of intoxication (Livestock):
(1) In acute poisoning: Stomach ulceration, necrosis, Profound general depression passing over to coma; 2593
a characteristic facies is notable, particularly among horses. Calves show a progressive paralysis 2404
beginning in the hind-legs and advancing forward, increased respiration, convulsions and death in tetanic
spasm.
¢} As.0s is a general protoplasmic poison of protean action and effect, toxic to all plant or animal cells of 151
whatever type. The ultimate action sife is probably the systems of cell respiration.
(1) As: Os brings a specific, irreversible inhibition of respiration in the cell. 2412 3224
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(2) Evidence of a profound action on cell systems is afforded by the carcinogenic properties of AszOs. 3225
This is manifested, in the opinion of some, by the uncoupling of the respiratory and fermentative
activities of protoplasm with a consequent irreparable damage to aerobic respiratory systems.

(3) Combines with free SH groups of the dehydrogenases (arsenate does not) as trivalent As. SH-rich 3192
substances (cysteine, glutathione, ete.) exert a protective action. 3193
{4} Pentavalent As probably must be reduced to As**+* before manifesting toxic effect in the body. 2815

4) Phytotoxicity:
a) Intensely phytotoxic and sometimes used as an herbicide and weed-killer. At concentrations of 1 Ppm 353

As303 blackens the vascular bundles of leaves and kills leaf tissue by chlorophyli poisoning. Bean and
cucumber plants are particularly sensitive; turnips, cereals and other grasses are relatively tolerant.

In practice, however, As:Os is not applied directly to plants for inseet control, Still, the phytotoxicity of
other arsenic-containing insecticides is chiefly due to the release, under certain conditions, of soluble
As:0s in the form of arsenicus acid. Old orchard soils which from arsenical spraying have built up 4-12
ppm of AspOq in the upper layer (particularly in sandy, humus-poor soils) become very unproductive.
As,0s, per se, presents a marked soil accumulation hazard. Certain plants may concentrate high amounts
of As;Og; for example, Pentia incana can concentrate as much ag 355 ppm in the parts of the plant above
ground.

5) Toxicity for insects:

Insect Route Dose Dosage Remarks

Apis mellifera, adult or LD 0.76 pg/bee 0.5ug/bee as As perse. 586
Bombyx mori, 4th instar or LDy, 0.015-0,02 mg/g Leaf sandwich.*

Chironomus, larva Medium c 1.96 ppm

Chironomusg, larva Medium Tolerated 1.9 ppm

Mayfly, nymph Medium Tolerated 3-14 ppm

Insects (aguatic), larvae Medium Tolerated 10-20 ppm -
Melanoplus bivittatus, adult or LDss 0.026 mg/g In bait. At 0.4 mg/g STE33 hrs,
M. femur-rubrum, adult or LDss ca 0.036 mg/g In bait.

M. femur-rubrum or LDgo 0.137 mg/g In bait,

M. differentialis, adult or LDz 0.09 mg/g In bait.

M. differentialis, adult or LDy 0.11 mg/g In bait.

Musea domestica, adult or LDs 0.18 mg/g Sirup; as As+++0.14 mg/g.

*As,05 LDs; = 0.02-0,04 mg/g.
**3T = Burvival Time.

a) Asy0; vs. Musca domestica adults, t day after emergence from pupae: 2463
Zone Number Body Weight(mg) Survival Time(hrs) Dosage (ug/g) LDso(1g/g)
M* R** M R M R
Lethal 7 14.4 (13-15) 11 ( 1-36) 325 (307-349)
Intermediate 21 14.2 (13-17) 10 ( 1-15) 220 (109-280)
" 16 15.4 (13-19.3) 26 (16-50) 228 (152-298) 180***
" 7 14.0  (13-17) 103 (51-144) 197 (181-217)
" h2 15.3 (13-20) Survived 186 (111-302)
Sub-lethal 6 16.5 (15-19) Survived 95 ( 95-105)
*Mean; **Range; *¥*as Ast++= 140 pg/g,
b) Vs. Melanoplus differentialis:
Zone Number Survival Time (hrs) Dosage (ug/g)  LDso{pe/e) 2617
Lethal 22 56 (32-84) 150-440
Intermediate 17+ 80 (22-144) igpf 110
" 14%* - - soH
Sub-lethal 4 Survived 20-40

*Died; **Survived; tMean Lethal Dose; ttMean Recovery Dose.

c) Relative toxicity of pure arsenic oxides. Administered on foliage of appropriate food plants sprayed with 586
solutions or suspensions made to contain 0,076g of the respective oxides per 100cc distilled water. For
grasshoppers administered in bran mash baits:

Insect Oxide Mortality (%) In
3 days 6 days 10 days 20 days
Bombyx mori (larva) Asg 0y 40 58 70 86
T 7 %] As;04 100 — - -
Control, unfed - 12.2 61.2 71.5 100
Control, fed - 0 0 0 0
Hyphaniria cunea (larva) A0 21.6 67.3 95.6 100
" " " As05 23.1 77.6 94,2 100
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Relative toxicity of pure arsenic oxides. Administered on foliage of appropriate food plants sprayed with
solutions or suspensions made to contain 0,076g of the respective oxides per 100ce distilled water. For
grasshoppers administered in bran mash baits: (Continued)

Insect Oxide Mortality (%) In
3 days 6 days 10 days 20 days
Control, unfed - 0 28.7 93.6 100
Control, fed - 0 0.6 4.1 21
Malacosoma americana {larva) A0 4.6 50.5 78.9 100
" " " As0p 62,1 85.2 87.6 100
Control, unfed — 0.4 15.3 79.3 100
Control, fed - 1.9 5.5 12.3 50.5
Leptinotarsa decemlineata {adult) As,Os 19.2 23.1 - 35.1
" " " As 05 65.1 65.0 — 100

Control, unfed - -
Control, fed - 14.6 20,7 — 57.1

(1) Average mortality (%) all species before deducting control mortality:

A5203 = 94. 6%

As:Qs = 100 %
{2} Average toxicity: As:0z = 46,1%; As:05 = 76,5 %,
Amount of water-soluble arsenic and toxicity. As.O; and As.0; given as solutions or suspensions made
to contain 0.076g oxide per 100cc; grouped data gathered in tests vs. Bombyx mori, Hyphantria cunea,
Malacosoma americana, Leptinotarsa decemlineata:

Compound Water-Soluble As (%) Net Toxicity (%)
ASzO:] 17.8 46.1
Ag:05 100 76.5
Vs, Melanopius adults; comparative toxicities by oral administration of toxicants in baits:
Compound LDso {ug/g) For
M. bivittatus M. femur-rubrum M. differentialis
Arsenic trioxide 26% 360 (ca.) 90
Sodium arsenite 15%* 100 -
Sodium fluosilicate 100%*=* 120 -
Sodium fluoride 40 {ca.} - 110
*Burvival Time at 40pg/g= 33 hours,
Tt tr " " " = 20 tr
" L " " " - 33 "

*kk

586

586

2611

f} Used vs. grubs of Popillia japonica in the soil, As:0, yielded greatly variable results, acting in this respect 1026

no differently than other arsenicals such as arsenates of aluminum, di- and tri-calcium, manganese,

6) Pharmacological, pharmacodynamic, physiological, ete., insects:

a)

b)

c)
)

The following histopathological sighs may be noted in larvae of Prodenia eridania a few hours after
poisoning but prior to death: Epithelial cell destruction in gut with cell disintegration, loosening of
epithelium from basement membrane, cytolysis, cytoplasmic vacuolization, ¢lumping, dispersion or dis-
solution of nuclear chromatin, disintegration of the striated border, breakdown of the cell membrane.

In Blatta, after oral poisoning by As:Os, 2 marked reduction in haemocytes has been noted. The reduction
ranged from counts of 35,000 per cc dewn to 7000 per ce, with the disappearance of the larger cell types.
Similar effects occurred in Locusta.

In Leptinotarsa decemlineata As:O; caused a marked decline in respiratory rate.

In Periplaneta americana a cathartic effect, markedly reducing the food passage time through the gut, was
observed.

3349

1007
2511

297
2917
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GENERAL

9

Molecular weight 244.01

{Arsenomethane As-1, 2-disulfide;
Compound A-42)

A substance which has shown insecticidal promise, being highly toxic for Tribolium confusum, Blattella

germanica, and certain other insects.

CHEMICAL, PHYSICAL:

1) Synthesis:

a) Methylation of sodium arsenite -» disodium methylarsonate.
b) Reduction - sulfurization of disodium methylarsonate by sodium sulfite, sodium thiosulfate, hydrochloric
acid, — arsenomethane disulfide.

2) A solid; m.p, 93°C; b.p. (with decomposition) 250°-260°C; d%*" 1.14; v.p. 0.0006 mmHg®", 0.005 mmHg™",
0.02 mmng ; volatility: 0.14% evaporation in one week under atmospheric conditions; solubility: in water,

1g/500ce (distilled water) in 24 hr, very soluble in CS:, somewhat soluble in naphtha, chloroform, ethyl ether,

slightly soluble in kerosene, ethanol, methanol, methylated naphthalenes, insoluble in xylene, toluene,

4,8% of total arsenic; properties are generally acidic,
salt-forming; tendency to dimerize; incompatible with strong bases, cationic surface active agents; keto-,
aldehyde, carboxylic, and earbonyl compounds impair insecticidal action.

peiroleum ether, benzene; water soluble arsenic

3) Formulations:

a) As dusts (with which the best results are obtained); as water wettable powders; for example, arsenomethane
disulfide 50% by weight + Ca {(OH): 48% by weight + “Daxad # 21"’ 1% by weight + Duponol WA powder 1%by

weight.
TOXICOLOGICAL

1} Toxicity for man and higher animals apparently corresponds to the general range established for inorganic
arsenical ingsecticides, No quantitative {oxicological data are available for laboratory animals,

2) Phytotoxicity:

a) Maximum concentrations which have been used without plant injury:

Sprays Dusts
Plant Concentration Ca(OH). Applications Concentration  Applications
(lb/gal) (corrective) (no.} [¢A)] (no.)
Potato 0.5 - 1 1 % in Attaclay 1
Tomato 0.25 - 1 1 % in Attaclay 2
Tomato - - — 5%in Attaclay 1
Pepper 0.25 - 2 10% in Ca{OH): 1
Cucumber 0.25 - 1 - -
Corn 0.25 1 1 - —
Bean —_ - - 0.5% in Attaclay 1
Peach 0.01 - 1 3.0% in Ca(OH); 1
Peach 0.1 0.2 1 — -
Peach 0.025 - i - —
Pear 0.25 1 1 1% in Attaclay 3
Pear 0,025 - 1 1% in Attaclay 1
Apple 0.075 - 1 0.5% in Attaclay 2
Apple 0.25 - 1 — -
b} Minimum concentrations yielding plant injury;

Potato 0.75 . 1 3,0% in Attaclay 1
Tomato 0.25 - 3 1.0% in Attaclay 3
Tomato 1.0 4.0 1 10.0%in Attaclay 1
Pepper 0.5 - 3 - —
Pepper 1.0 4.0 1 - —
Cucumber 0.5 - 1 1.0% in Attaclay

41
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b} Minimum concentrations yielding plant injury:

Sprays Dusts
Plant Concentration Cal{OH). Applications Concentration  Application
{Ib/gal) (corrective) (no.) (%) (no.)
Corn 0.05 - 1 0.5% in Attaclay 1
Corn 0,25 0.5 1 1.0% in Ca(OH): 1
Bean 0.075 - 1 0.8% in Attaclay 1
Bean 0.05 - 1 - -
Pear 0,075 - 1 - -
Pear 0.25 0.5 1 - —
Apple 0.075 — 2 0.5% in Attaclay 3
Apple 0.25 1.0 1 5.0% in Attaclay 1

(1) Phytotoxicity, in inert carriers, is near or beyond the margin of safety. The danger of injury to plants
is reduced by correctives, for example, hydrated (slaked) lime.

¢} Arsenomethane As-1, 2-disulfide, and others, toxicity for cotton seedlings growing in a hydroponic 894
medium;
Compound % Seedlings Damaged Beyond Recovery At Concentrations Of
1: 100 1: 1000 1: 10,000 1: 100,000 1: 1,000,000
Arsenomethane As-1,2-disulfide 100 70 12 10 g
Copper aceto-arsenite 100 100 100 38.47 9.1
Tricalcium arsenate 58.85 76.93 9.1 7.7 0
Acid Lead arsenate 100 100 33.3 0 0
DDT 0 b 0 0 0
Chloroarsenomethane As-1,2-disulfide 100 100 100 0 0
Control seedlings mortality % 0 0 0 0 0
3) Toxicity for Ingects:
a) LDs, dosages of arsenomethane disulfide compared with LDg, dosages of some other insecticides: 2635
LDs; {concentration %) For
Insecticide Tribolium Epilachna Blattella Leptinotarsa
confusum varivestis germanica decemlineata
Calecium arsenate 2.0 5.0 2.5 4,0
Rotenone 0.25 0.15 4.5 0.25
DDT 0.0156 — 2.0 2.5
Parathion 0.0005 - - -
Arsenomethane disulfide {crude) 0.015 2,0-4.0 0.25 1.0
" " (pure) 0.005 - - -
b) Toxicity of arsenomethane disulfide for various insects: 2635
Insect LDs, (approximate) On Remarks

Tribolium confusum
Termite (sp?)

Sitophilus granarius
Attagenus piceus
Grasshopper (sp?)
Grasshopper (sp?)
Grasshopper (sp?)
Pgpillia japonica
Epilachna varivestis
Leptinotarsa decemlineata

0.005% in medium
0.05% in medium
0.1% in medium

{1.0% mortality after 30 day)

0.5 Ib/gal spray — LDog
4.0% in poison bran
5.0% dust in Ca{OH).
5.0% dust in Ca(OH).
2-4% dust in Ca{OH);
5.0% dust in Ca(OH):

wheat flour
soil, sawdust
whole grain
soy-wheat flour
grass

grass

grass
smartweed
bean plants
potato plants

Grass slightly ‘“‘burned.”

Severe injury to plants.
Severe injury to plants.
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AZOBENZENE (Azobenzide; Diphenyl diimide; Azobenzol; Benzene-

azobenzene)
H H H H
H -N=N- H Molecular weight 182,22
H H H H
GENERAL: [ Refs. 1001,1000,257,1394]

An insecticidal and acaricidal compound of rather highly specific action. Primarily employed as an acaricide
and having its greatest value as a thermal ‘*smoke,’’ or low vapor pressure furmnigant, to control two-spotted
red spider mites, Tetranychus bimaculatus, on greenhouse plants.

PHYSICAL, CHEMICAL : [ Refs. 2221,2231,353,900,2815]

Orange-red dyestuff; a erystalline solid; m.p. 68°C; b.p. 293°C [Ref. 2221], 297°C [Ref. 2231 I; &% 1,203; v.p.
4x10°° mmng5 "; appreciably volatile; sublimes at temperatures much below the boiling point; insoluble in
water; soluble in most organic solvents, for example aleohols, ether, glacial acetic acid; odor is sweetish and
not unpleasant; stable, under ordinary conditions. Replacement of the azo bridge, -N==N-, by — CH,OCO- ,
as in benzyl benzoate, q.v., or by -80s, as in diphenyl sulfone and p-chlorophenylphenyl sulfone, g,v., does not
markedly reduce the acaricidal properties. Smoke, deposited as minute drops on surfaces is stable at 20°C,
although the setting point is 60°C. 2807
Formulations:
a) As water pastes with 70% azobenzene in diatomaceous earth io be applied to hot water pipes and volatilized
as a greenhouse fumigant.
b) In mixtures, with 40% azobenzene, to be ignited for production of thermal “‘smoke’ in greenhouses, under
tents, efc.
¢} As dusts, wettable powders, and miscible concentrates for spray preparation,

TOXICOLOGICAL :

1) General:
a} Toxic to rats if fed or injected in considerable quantity. 258
b) The vapor, as used in greenhouse fumigation, is not considered particularly dangerous. A felt-pad 258

respirator is deemed a sufficient precaution,

2) Phytotoxicity:
a}) Not generally considered hazardous to plants when used at acaricidal concentrations. Roses and asparagus 2120
fern are subject to damage.

(1) Rose flowers, produced from buds present at time of treatment, fide badly and must be discarded,. 2870
286734
(2) Baintpaulia (African violet) is highly susceptible to damage, 353
(3) Phytotoxic to apple trees; 0.1% sprays defoliated the tree leaving the fruit on branches. 947 1512
(4) Used in the field at 0.05%, azobenzene has caused leaf-fall of apple trees; at 0.1% severe fruit fall 1808
has occurred; at 0.03% considerable pest control of Metatetranychus ulmi on apples may be had with 00

only slight damage to foliage. -
b) Less danger of plant injury to roses if used as a dust, which is tolerated at higher temperatures than the 1357

fumigant vapor or smoke.

3) Toxicity to Insects and Acarina:
a) Quantitative:

Insect Route Dose Dosage Remarks

Mosquitoes {culicine) {larvae) Medium ICseor> 5 ppm Exposure 16 hours; larvae 4th instar. 1001
Periplaneta americana (adult) &  Topical LDso 0.8 mg/g Average weight insect = 0,9g(0.7-1.15g). 2219
Periplaneta americana (adult) ¢ Topical LDy, 1.3 mg/g Average weight insect = 1,3g(1.0-1.9g), 2219
Periplaneta americana (adult)  Topical LDygo 1.1 mg/g Average weight insect = 0.9g(0,7-1.15g). 2219
Periplaneta americana (adult) ? Topical LDygo 2.0 mg/g Average weight insect = 1.3g(1.0-1,9¢). 2219
Periplaneta americana (adult} Topical LD, 0.5 mg/g 2219
Periplanetz americana (adult) ¢ Topical LD, 0.85 mg/g 2219
Periplaneta americana (adult) & inj LDso 0.43 mg/g Average weight insect = 0.9g(0.7-1.15g), 2219

43
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3) Toxiciiy to Insects and Acarina:
a) Quantitative:

Insect Route Dose Dosage Remarks
Periplaneta americana (adult) ¢ inj LD, 0.62 mg/g Average weight insect = 1.3g(1.0-1.9g). 2219
Periplaneta americana (adult) o inj LD:ao 0.57 mg/g Average weight insect = 0.9g(0.7-1.15g). 2219
Periplaneta americana (adult) § inj LDyoo 0.82 mg/g Average weight insect = 1.3g(1.0-1.9¢). 2219
Periplaneta americana (adult) o inj LDo 0.32 mg/g 2219
Periplaneta americana (adult) ¢ inj LD, 0.5 mg/g 2219
b) Action of 10% azobenzene dusts in bentonite against several crop ingects: 1394
Insect Exposure (days) % Mortality
Experimental Control
Leptinotarsa decemlineata {adult) 7 100 0
Epilachna varivestis (larva) ) 100 0
Epilachna varivestis (adult) 3 100 0
Malacosoma americanpa {larva) 2 90 0
¢) Action of azobenzene + whiting dusts on Tetranychus bimaculatus: 1394
Concentration (%) Mortality In 48 hr (%)
20 100
bl 100
2 95.4
1 94,3
0.5 80.8
4) Azobenzene in the economic control of insects and Acarina:
a) Ineffective, in the field, vs. Epilachna varivestis, although it has been used against this insect. 353,918
h) Effectively controls mosquitoes as a larvicide at 1 part in 200,000 parts water. 1001
¢) Used as a greenhouse thermal fumigant (70% azobenzene + 30% inert paste in diatomaceous earth) gave 1394
90-99.75% kill of all stages (including eggs) of Tetranychus bimaculatus; dosage = 1 lb mixture/40,000 i
d) Outstanding in the control of Tetranychus bimaculatus cn Lima beans. 1619
e} Effectively controlled Brevipalpus spp., which resist parathion. 1357
f) As a dust at 25%, thoroughly applied, effectively controls most spider mites on roses; a 50% dust is pre- 1357

ferable if the unsightliness of inert residues on plants must be avoided.
g} Effeciive in control of Tetranychus bimaculatus, Paratetranychus ilicis, Brevipalpus spp.,‘‘broad mites.” 1357
h) Highly toxic, in laboratory experiments as a 0.1% spray, for the summer eggs of Metatetranychus ulmi. 1808
The same concentration vielded 75% mortality of adult females. In the field, an 0.03% spray on apples,
yielded considerable control of M. ulmi without (or with siight) damage to foliage.

5) Other azo-compounds, both more toxic and less toxic for culicine mosquito larvae than azobenzene: 1001
a)} Compounds more toxic than azobenzene {(LCs, 16 hr = 5 ppm) for culicine larvae:
Compound LCs (or more) 16 hrs {ppm)

4-{p-Bromophenylazo)-o-cresol 1.42

4-{p-Bromophenylazo}-resorcinol 1.42

4-{p-Bromophenylazo)-m-cresol 1.66

p-Bromophenyl azophencl 1.66

4-{2,5-Dichlorophenylazo)-o-cresol 1.68

4-(2,5-Dichlorophenylazo)-m-cresol .

4-(2,5-Dichlorophenylazo)-resorcinol

1-Phenylaza-2-naphthylamine

2

2
4-{p-Todolphenylazo)-o-cresol 2.

3
4-(p-Nitrophenylazo)-resorcinol 3

b} Compounds as toxic as azobenzene:

Compound LCso {or more) 16 hrs {ppm)
4-(p-Bromophenylazo}-5,6,7,8-tetrahydro-1-naphthol 5.0
1-(p- Bromophenyliazo)-2-naphthylamine 5.0
p-{2,5-Dichlorophenylazo}-o-cyclohexylphenol 5.0
p-(2,5-Dichlorophenylazo}-phenol 5.0
¢} Compounds less toxic than azobenzene (LCs 16 hr = 10-100 ppm):
(1) Phenylazo-o-cresol {5) 1-(0-Tolylazo)-2-naphthylamine {9) p- Phenylazo-diphenylamine
(2) Phenylazo-m-cresol (6) 4-(2,5-Dichlorophenylazo)-3-ethoxyphenol  (10) p-Iodobenzene
(3) p- Phenylazoaniline (7) 4-(2,5-Dichlorophenylazo)-2,5-xylenol

(4) p- Phenylazophenol (8) p-Phenylazo-dimethylaniline



11. BARIUM SILICOFLUORIDE

o)
U
6} Azoxybenzene, CsHsN=N—CgH;, a close relative of azobenzene, is also toxic to insects, being effective
against the European corn-borer, and superior in effectiveness against the larvae of Cochliomyia americana.

7) Screening tests,
a) Highly rated as an insecticide for lice; some ovicidal activity.
b) Highly rated as a mosquito larvicide.
¢) Good rating in “KD* capacity for fleas; some ovicidal activity,
d) Superior rating, at least = to DDT as a tck toxicant; high rating for “KD** activity vs. ticks,
¢} Good rating for “KD’* activity vs. chiggers; some killing activity,
f) High rating for repellency vs, Aides aegypti
g) High rating for residual activity vs. A, aegypti; some activity vs. Musca,

8

—

Specificity of action:

a) Used in greenhouses as a dust (20% azobenzene 80% whiting) to control red spider on carnation plants,
azobenzene showed little effect on Phlyctaenia rubigallis, the greenhouse leaf tier, or on several species
of Aphids,

9N Pharmacological, physiological and biologicaly insects:
a} Neurotoxic,
{1} Yielded a marked and immediate rise in Q» consumption in the poisoned insect,

1

BARIUM SILICOFLUQORIDE  (Barium fluosilicate)

BaSiFe Molecular weight 279,42,

GENERAL [ Rets. 1940,2120,2106,2815,353,2221]

Introduced experimentally as an insecticide in 1926, but now of declining interest in insect control, As anin-
secticide if may be classed in same general order of activity and usefulness as acid lead arsenate. Has the

same high phytotoxic potential of other silicofluorides, and is very poisonous to man and animals. Recommended,
in Europe, as a substitute for hazardous zinc phosphide in mole cricket control. For most purposes cryolite,
rotenone and chlorinated hydrocarbons are displacing this substance. Has an advantage over sodium silico-
ftuoride in that, being much less soluble, it may be used as a dust or suspension on tolerant growing plants,

PHYSICAL, CHEMICAL [ Refs, 2221,353,2815,129]

White crystalline powder; odorless; highly poisonous and easy to mistake for other substances of common houge-
hold use; d 4.3; slightly soluble in water, 0.03% at 21°C, 1 part in 4000 of cold water,1 part in 1110 parts water
at 100°C, the resulting solution being acid in reaction; decomposed by alkalis; incompatible with lime sulfur,
Bordeaux mixture, nicotine sulfate, and other soluble sulfates, with which it yields barium sulfate and phytotoxic
soluble silicofluorides; corrosive to metais (the commercial product contains 8% cryolite to protect containers
and metal sprayers).

Formulations:
a) As a powder or dust, for example 1:3 in tale, for Epilachna varivestis and various flea and blister
beetles.
b) As “Dutox,” 72% barium silicofluoride + 8% eryolite.
c) Baits; sprays at 4 Ibs/100 gallons water.

TOXICOLOGICAL

1) Toxicity for higher animals:

Animal Route Dose Dosage Remarks
(mg/%)
Rat or ILDgeca 175 As a suspension in water.
Rabbit or MLD 175
Chicken or LD 190

Pigeon or LD 170

45

406
2563

1801

2815

353

96

1951
2312
1750
1750
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a) Toxicity depends on the amount of fluoride ion in solution. Toxicity is enbanced by any circumstance 353
which brings the compound into solution, 129

b) Poisonous to man, domestic animals and wild life, but less toxic than sodium fluoride because of relative 353
insolubility. 129

2) Chronic toxicity: )

a) Chronic intoxication with fluorine compounds, depending on severity, may produce such signs and symptoms 545
as tooth mottling, anorexia, general cachexia with bone fragility, stiffness of hands and signs of respiratory
paralysis.

b) 0.0904% F in food, daily, from fluorides, fluosilicates (inciuding Ba fluosilicate} brings death in 9-11 days. 2888

3) Hazard:

a) Residues: Apples from trees sprayed with barium silicofluoride show average residues, before scrubbing, 2815
of 5,6 ppm,

(1) Tolerance limit for fluoride on apples (1338) is 2,8 ppm.

b) A prinecipal hazard is mistaken ingestion of roach powders containing barium silicofluoride when confused 353
with food products. Coloring of such powders, as a warning, is a requirement in some localities. 129

4) Phytotoxicity:

a} Phytotoxic, but due to insolubility, may be used on plants with proper precautions. 2371

b) Injurious to foliage and fruit of peach tree, 2106

¢} May, at moderate doses, ‘‘burn’ grape foliage and shoots. 258

d) Harmless, at 1500 lbs/acre, to blue grasses, sensitive to equivalent dosages of lead arsenate. 2027

5) Toxicity for Insects:

a) Insect Route  Dose Dosage Remarks
Ascia rapae (5th instar) or LDss 0.43 (0.34-0.67) mgle Death in 20-48 hr, 944
Bombyx mori (4th instar) or LDsy 0.09-0.12 mg/g 2819
Bombyx mori (4th instar) or LDy 0.17 mg/g In leaf sandwich. 459

b) Comparative toxicity and solubility of barium silicofluoride, other fluorine-containing compounds, and 2819
acid lead arsenate:

(1) Test insect: Bombyx mori (4th instar); oral route,
Compound Grams Soluble/100ecH0"*C LDy, (mg/g)
Barium silicofluoride 0,025 0.09-0.12
Sodium fluoride 4,054 0.11-0.15
Lead fluoride 0.066 0.25-0.40
Sodium silicofluoride 0.762 0.10-0.13
Potassium silicofluoride 0.177 0,07-0,10
Sodium fluoaluminate 0.061 0,06
Potassium fluoaluminate 0,158 0.08-0.10
Acid lead arsenate — 0.086
PHARMCOLOGICAL, BIOLOGICAL; INSECTS
1) See the general treatment titled Fluorine, Fluorides, Silicofluorides,

a) Primarily a stomach poison, possibly with some contact action. 2815,353

b} Prodenia larvae, poisoned with barium fluosilicate: At first sluggish with oceasional convulsive spasms 3349
declining until death in flaceid paralysis.

(1) In contrast to sodium fluoride, sodium silicofluoride poisoning yielded no histopathology in Prodenia.

2) Certain strains of Carpocapsa pomonella manifest ‘‘acquired’ resistance to barium silicofluoride. 1602
EFFECTS ON BENEFICIAL INSECT POPULATIONS

1) Used as “‘Dutox,”” spray, (barium siiicofluoride + sodium flucaluminate) at 1§ lbs/50 gal water an average 1450

kill of 14 % (11-18%) of adult Hippodamia convergens was noted; larvae: 0-2% kill; eggs: no kill.

USES IN THE ECONOMIC CONTROL OF INSECTS

1} Vs. Scapteriscus, Gryllotaipa: Effective. 1750
2) Vs. Protoparce sexta. (Control with DDT requiring 10 lbs/acre is considered too costly.) 36,37
3) Vs. Ancylis comptana, Leptinotarsa decemlineata: Effective. 358
4) Vs, Epicauta spp: Quick control with 25% dusts at 25 lbs/acre. 353
5) Vs, Diabrofica melanocephala, D. duodecempunctata: 75% kill; superior to other inorganic dusts. 1233
6) Vs. Sitona cylindricollis: 40% controi was the maximum achieved, 353

7) Thermobia domestica was controlled by 4% baits.

353
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BEES AND INSECTICIDES: BENEFICIAL INSECTS AND INSECTI-
CIDES: {For a bibliography to 1950 see Ref. 2333)

Il SUMMARY [Refs. 3099,1330,1704,910,429,3098,231,296.927,2815,996,2192,427]

1) Arsenicals:
a) All arsenicals, for example, Paris green and calcium arsenate, as used on blooming plants in orchards,
cotton fields, alfalia and clover plantings, etc., are intensely hazardous and harmful to bees. The toxic
potential is long lasting, and the effect is carried to the hive itself.

]

Organic and other insecticides:

a} Safe for bees, when properly applied to blooming plants:

(1) Toxaphene, {Perhaps the least toxic, by mouth and contact, of all the chlorinated hydrocarbons, A 10%
dust, an alfaifa in bloom, caused less than 10% mortality in the working honeybee field force.)

{2) Phencthiazine, {Almost non-toxie to bees.)

(3) Methoxychlor. (Oral toxicity slight; contact toxicity high; residue hazard slightly less than that of DDT.}

(4) Sulfur.

(5) Ryania. (Only slightly toxic to bees by contact.)

(6) Nicotine. (Virtually harmless in the field; oral LDso: 50 pg/bee.)

Safety for bees on flowering plants questionable (conflicting experiences):

(1) DDT. (Toxicity affected by particle size; LDg, in range of 20°-36°C, = 32-560 ug/bee.)

{2) DDD. (Less toxic than most chlorinated hydrocarbons; residual contact hazard.)

{3) Chlordane,

¢) Unsafe, hazardous, for bees on flowering plants:

(1) BHC, (100-250 times as toxic as DDT in normal temperature range; highly toxic orally, by contact and
by residual action.)
(2) Lindane. (¥-BHC; as above.}
{3) Aldrin, (Highly toxic orally, by contact, residually and by fumigant action.)
d) Very hazardous and destructive to bees on flowering plants:
(1) Parathion. (Most toxic of all; 3 times as toxic as pure y-BIC [ lindane].)
(2) Dieldrin. (Hazard persists for at least 1 week after application.)
(3) HETP, (No residual action: high stomach and eontact toxicity.}
(4} TEPP, (High stomach and contact toxicity; residues kill for 2 days at least.)
(5) Arsenic. (All forms are hazardous,)
{6) Derris. (Dust lethal to bees visiting plants in bloom.)
(7) S8abadillz. (Highly toxic, but no residual hazard; 100% kill on dusted alfalfa.)
(8) Pyrethrum. {Highly toxic by direct contact {0.001% solutions) and orally; 0.01%sprays and 0.02% dusts,
however, are considered safe in the field.)
(9) Rotenone. (Highly toxic by direct spray contact (0.125%) oral toxicity very high.
(10) DNOC, DNCHP. {Exceedingly toxic to bees; rarely, if ever, used on plants in bloom.}
{11} Malathion and Diazinon. (Very hazardous to bees on sprayed alfalfa,)

e) The organic insecticides which have been tested are generally considered safe for honeybees in flowering
fields and orchards 48 hours after application. Dieldrin, however, renders fields hazardous to bees for at
least 1 week.

f) Systox®, applied after 6 P.M. and before 7 A.M. when bees are not foraging, is apparently absorbed
rapidly enough by plants not to be a hazard on alfalfa.

g} CS-708 controls pea aphid and in laboratory trials is virtually non-toxic to bees.

g

3) “Danger Index” of certain insecticides for Apis mellifera: 1330
) Ca_ o ver In dex: 'Where Ca = concentration of insecticide applied in agriculture in % (a measure of the
a - g " extent of exposure) and Ct = the concentration which contains the absolute IDss in 10 ce

Ct

of solution,
b) The higher the index, the greater is the hazard of the toxicant for honey bees.
¢) LDs, determined by direct feeding of the toxicant via micropipette.

Ingecticide Concentration Used LDg, (pg/bee) Danger Index

In Practice (%) at 28°C at 36°C at 28°C at 36°C
DDT* (weitable powder) 0.1 300 560 0.03 0,02
DDT (emulsion) 0,05 10 30 0.5 0.02
BHC (wettable powder) 6.01 0.37 0.2 3 5
Parathion {emulsion) 0.01 0.1 0.09 10 11
Calcium arsenaie (wettable) 0.4 5 4 8 i0

*LDso, in the temperature range from 20°-36°C, = 32-560 ug DDT/bee.

47



48 12. BEES AND INSECTICIDES; BENEFICIAL INSECTS AND INSECTICIDES

H) TOXICITY OF INSECTICIDES OF VARIOUS CLASSES FOR API5 MELLIFERA {ADULT):

1) Arsenicals: (Bees cannot, apparently, discriminate arsenical-sprayed from unsprayed trees. Minimum
iethal dose of arsenicals generalized as 0.2-0.5ug/bee.)

Calcium arsenate:
Oral LDy (as the element) 0.7ug/bee (fine-medium); 0.6p¢/bee {commercial); 1.3 ug/bee (coarse).
Oral LD;u (as the element) 0.9pg/bee {fine); 1.0ug/bee (medium); ca2pug/bee {coarse).
Oral LDy {wettable powder) 5ug/bee at 28°C; 4ug/bee at 36°C.

Sodium arsenate:
Oral LDy, (as the element) 1.81g/bee.

Acid lead arsenate:

Oral LDs (as the element) 5.0pg/bee.
Oral LDseo (as the element) cal5.0pg/bee (fine); ca350ug/bee (coarse)

2) Fluorides, fluosilicates, fluoaluminates:

Sodium fluoride:
Oral LDs, (as fluorine) 6.0ug/bee.

Sodium fluosilicate:

Oral LD, (as fluorine) 24.0ug/bee.

Cryolite:
Oral LDs, (as flugrine) 4.2pg/bee {fine); 5.5ug/bee (medium); 13ug/bee (coarse).
Oral LDyop (a5 fluorine) calBug/bee (fine); cadug/bee (medium); caTlug/bee (coarse).

3) Chlorinated hydrocarbons:
Aldrim: Oral LDs 0.25ug/bee.
DDT: Oral LDg 4.64g/bee (at room temperatures); 12,0ug/bee at 95°F.
DDD: Oral LDse 16.0ug/bee.
BHC (y90%): Oral LDs 0.1508/bee.
Chlordane: Oral LDy, 1.2ug/bee.
Toxaphene: Oral 1.Dso 22,0pg/bee.

4) Grganophosphorus compounds:
Hexaethyl pyrophosphate: Oral LDso 0.29 12/ bee.
Tetraethyl pyrophosphate: Oral LDs, 0.75ug/bee.
Parathion: Oral LDs 0.07pg/bee (high contact toxicity, strong fumigant effect; hazard = to that of calcium
arsenate,)

5} Other itoxicants:
Nicotine: Oral LDs, 50ug/bee (virtually harmless in the field).
Pyrethrum: Oral LDs, 0.3ug/bee; LC (as contact spray) 0.001% solution.
Rotenone: Oral LD 0.6uz/bee; LC {as contact spray) 0.125% solution.

8) % Mortality of Apis mellifera exposed to various doses of arsenicals:

Dosage (tg/bee) % Mortality After

Average life

(as arsenic element) in days 1 day 2 days 3 days
Acid lead arsenate
c.1 8.3% 0 3 5
0.8 11.35 0 0 0
1.6 10,84 0 0 2
6 6.56 1 2 18
12 3.79 0 17 41
24 1.39 28 85 97
48 0.91 60 99 100
CONTROL 16.24 0.1 0.4 1.4
Calcium arsenate
0.1 1
0.8 88
1.6 100
CONTROL 1.4
Arsenic pentoxide
0.1 4
0.8 43
1.6 100
CONTROL 1.4

206
2192

1852
231
1330

1852

1852
1852
231

290
231

231
231

910
910
910
910
410
910

910

910
910,1330
3098

231
2815,927
995

3]



12. BEES AND INSECTICIDES; BENEFICIAL INSECTS AND INSECTICIDES

7} Toxicity of various practical field formulations of chlorinated hydrocarbon insecticides for Apis mellifera:

3% v-BHC + 5% DDT + 40% sulfur (dust) contact LDsy 1.9 Ib/acre.
3%y -BHC + 40% sulfur {dust) contact LD 2.3 1b/acre.
5% DDT + 82% sulfur (dust) contact LDsg 9.6 lb/acre,
10% Chlordane + 40% sulfur (dust) at < 76°F only slightly toxic at 29.95 lb/acre

at  86°F toxicity at 29.95 Ib/acre greatly increased.
20% Toxaphene + 40% sulfur (dust) at 36 1b/acre yielded only 5% mortality,

8) Relative toxicity of insecticides for Apis mellifera (adult) based on the Lis and hy the most effective route of

administration:
Toxicant Most Effective Route Relative Toxicity
Arsenic enteral 1
Parathion enteral, fumigant (?} i
DDT parenteral 43
Ethylene dichloride fumigant 10,435
Nicotine parenteral 11,304
9) Toxic effects of certain insecticides on Apis mellifera:
Toxicant LDs, 72 hrs  Stomach Contact Poison Fumigant
{uz/bee)  Poison Time Time Action Time
(hrs) (hrs) (hrs)
BHC {90% y-isomer) 0.15 3-24 0.1-0.5 0.5-1.5
Chlordane 1.21 5-24 0.1-0.5 1.5
JH-118 {chlordane relative) .25 6-144 1-2 4
DDD 16.0 2-72 2 0
DDT (roomitemp.) 4.6 1-48 5+ 0
{(95°F) 12.0+ 5-120 B4 0
HETP 0.29 2-24 1-48
Parathion 0.07 1-24 0.5 3-6
TEPP 0.75 1-24 0.5
Toxaphene 22.0 5-24 1-3 0

10} Toxic effects of

various ingsecticides on Apis mellifera:

a) Cage tests; contact: Deposits on paper covering 60% cage surface; oral: Insecticide fed in honey-water;
spraying, dusting: From a 2-foot distance in closed room; dust lg/cage; spray 4cc/cage.

% Mortality After

Insecticide; Method

Cryelite (synthetic)

, Spray
t

[ 13
" "
(1] 1

L4 "

" 5% dust, 1g at

, contact (0.002g/cm”)
" ™"

, oral 1:800 in 1:1 honey, IO
, spray 1:400

50% wettable 1:400, contact

4 ft

" .025%, in 1:1 honey + H:O oral

" 5%, dust 1g at

2 it

" acetone sol, .002g/cm® spray
" " " ,001g/cm® spray
", 0004g/em® spray

" '

" wett, pwdr. .0625% 1:800 in 1:1 honey + H:O oral

tt tt

" " "

", 1:400, .01g/50cm” contact
, 1:400 spray 4cc at 2 ft

24 hrs 48 hrgs 72 hrs
75 75 -
0 40 60
100 —_ -
10 25 65 (100% affected at 72 hrs.)
65 75 85
5 15 25 {100% affecied at 72 hrs.)
100 - —
5 15 15
0 100 -
90 95 -
100 - -
100 - -
100 - -
30 100 -
10¢ —_ -
20 35 50

b) Pyrethrins: (An extract containing 0.69% pyrethrins) + piperonyl cyclohexenone 8.92% (referred to here-

after as ‘‘extract’’)

e) Dust: Piperonyl cyclohexenone 5% + pyrethrins 0.004% (referred to as “‘dust’’)
% Mortality After

Insecticide; Method

Extract 1:600, spray lce/50cm’
(0.0023 mg/cm®) dried 12 hr, contact
Dust, 1gat 2 ft

Extract, 1:1200 in honey-H:0O 1:1

Dust, 1g at 1 ft

Extract, 1:400 (0.25%) spray 4ce at 2 It
Extract, 1:10 in acetone ,138 mg/cm”

24 hrs 48 hrs 72 hrs
0 0 0
0 0 0 Bees irritated,
0 20 20 Bees repelled.
15 15 15 KD 100% in 30 min.
0 0 0
15 15 i5

49

3248

206

910
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50 12. BEES AND INSECTICIDES; BENEFICIAL INSECTS AND INSECTICIDES

¢} Dust: Piperonyl cyclohexenone 5% + pyrethrins 0,004% (referred to as ‘‘dust’’) {Continued)
% Mortality After

Insecticide; Method

Rotenone
Extract, 2.5% rotenone, 1:400 spray
Derris (ground), 3.6-4% rotenone, dust
0.75% dust
Exiract, 1:10 in acetone, ice/50cm®, dried contact
Extract, 1:800 in 1:1 honey-H.0O, oral
Derris, ground, 1.5 1Ib/100 gallons, oral
Sabadilla
20% dust, 1g at 2 ft
moomomonor (new bees, same cages)
20% dust, 0.1g at 2 ft
20% spray, 0.1g/50cm” dried 42 hours
above surfaces aged 9 da; (new bees)
HETP
6% dust, 1g at 2 ft
e " (same cages, new bees})
8% dust, 0.1g at 2 ft
0.1g/50cm’ dried 18 hr, contact
1:1600 aqueous spray, 4cc at 2 ft
0.1g/50cm” aged 9 da, contact
Dimethoxy trichloroethane (Dianisyl trichloroethane)
1:800 in 1:1 honey + Hz0, oral
1:400, spray
0.5g/50cm”, contact spray
0.1:200 spray
1:400 in 1;1 honey + H.O
.02g/50cm’®
Phenothiazine
1g/50cm®
1:800 in 1:1 honey + H;O, oral

i1) Toxicity of pesticide dusts for Apis mellifera, tested under precise conditions of temperature, humidity,

24 hrs 48 hrs 72 hrs
0 0 0
5 45 45
0 0 0
0 10 15
25 30 30
30 45 45
100 - — 85% kill in first hour.
100 - —
75 80 100
100 - — 100% kill in 8 hours,
— _— 100
100 o — B0% Kkill in 3 hours.
100 - -
50 70 -—
100 — — 100% kill in 3 hours.
95 100 -
0 19 20
0 0 0
0 0 0
100 - -
0 0 0
5 80 85 Ready feeding.
100
0 0 i)
0 10 10

time, by the vacuum jar dusting method. Dusts applied at various dosages:

Substance Concentra- Mortality (%) At Various Times After Treatment
{at 400 mg dosages) tion{(%) 2hrs 4hrs B hrs 12 hrs 24 hrs 48 hrs 72 hrs
DN 111 10 91 97 100 - - - —
Sabadilla 20 11 51 8b 99 100 - -
Aldrin 2 2 18 35 99 100 - —
Lindane 1.5 - 60 6 97 100 - -
Methyl parathion 2 38 67 71 84 100 - —_
Metacide 2 76 78 76 76 100 - -
Parathion 2 21 39 66 72 100 - —
Malathion 2 i6 23 30 50 100 - -
EPN 2 60 80 75 a0 99 100 -
Endrin 2 0 14 71 96 99 100 -
BHC 2 1 30 50 95 99 100 -
Dieldrin 2 1 19 38 90 99 100 -
Chlordane 5 0 1 18 22 99 100 -
Diazinon 5 0 24 47 71 99 100 -
TEPP 1 36 36 38 a0 98 100 —
Heptachlor 2 0 15 49 82 94 100 -
Calcium arsenate 70 2 3 17 54 79 94 100
Perthane (Q-137) 5 0 19 58 83 93 94 a5
Isodrin 2 ] 0 11 37 72 94 95
DPbT 5 1 31 46 73 91 91 91
Compound 1189 5 0 0 1 1 4 54 79
NPD 4 1 24 59 69 Tl 71 72
Tartar emetic 99 0 7 12 29 41 48 53
Chiorobenzilate 4 0 0 10 34 45 48 50
Cryolite 50 0 G 6 20 28 34 37
Methoxychlor 5 0 6 i 12 36 36 36
Bis-{p-chlorophenyl) ethifiyl carbincl

(Compound 876) 10 ¢ 1 2 3 3 7 34

131
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Concen-

Substance tration Mortality (%) At Various Times After Treatment
%) 2hrs 4hrs 6 hrs 12 hrs 24 hrs 48 hrs 72 hrs

Ryania 40 0 0 4 21 28 30 31
Toxaphene 10 0 0 1 8 8 26 30
CMU [3-—(p-Chlor0pheny1)—1,1—dimethyl
urea] 10 0 0 1 3 5 26 30
CS8 708 5 0 2 8 17 22 26 26
R-242 10 0 2 4 10 23 25 26
1,1-Trichioro-2,2-bis- {p-ethyl phenyl)
ethane (Q 128) 5 0 5 5 6 16 21 24
Sulfur 98 0 ¢ 1 2 8 19 24
Aramite 3 0 0 0 4 15 19 21
DDD 5 3 5 6 9 16 17 20
DNOCHP 10 — 2 4 10 12 13 17
Rotenone 1 0 0 1 6 8 12 16
Ovotran 7.5 0 0 0 7 12 15 15
Chiorinated terpene 5 0 2 3 ki 8 12 14
Pyrethrins 0.26 1 2 4 6 8 11 13
Demeton i 0 0 0 2 5 10 13
Compound 923 10 0 3 4 4 4 9 13
Neotran 7.5 1 2 3 4 6 9 11
CONTROL - 0 0 1 2 4 7 9
Allethrin 0.26 1 1 1 2 4 6 9
DMC 10 0 0 0 2 3 5 7
Copper-8-hydroxyquinolinate
(Cunilate) 5 1 2 3 4 4 5 5
Nicotine 3.6 1 1 1 2 3 3
{at 200 mg dosages)
DN 111 10 91 97 100 - - - -
EPN® 2 31 48 86 99 100 - -
Sabadilla 20 3 37 80 97 100 - -
Lindane 1.5 0 0 49 96 100 - -
BHC 2 0 0 52 93 100 -— —
Heptachlor 2 0 7 46 92 100 - -
Chlorthion (Compound 22/190) 5 16 55 64 83 100 - -
Metacide 2 70 72 72 86 100 - -
Aldrin 2 1 15 32 81 100 - -
Dieldrin 2 [} 0 26 81 100 - —_
Diazinon 5 19 31 54 74 100 - -
Malathion 2 17 21 26 54 100 - -
Methyl parathion 2 46 70 90 94 99 100 -
Parathjon 2 36 50 66 73 98 100 —
TEPP 1 37 37 37 45 96 100 -
Arsenomethane As-1,2-disulfide 5 1 12 34 35 73 94 96
Isolan 1 3 45 75 87 93 95 95
Endrin 2 0 7 61 86 87 92 92
Chlordane 5 0 1 2 16 46 67 92
Potasan 2 1 4 34 79 81 83 84
G- Ethyl-2-thioethylethyl thionophos-
phate (Compound 21/116) 2 0 22 36 60 68 73 75
Perthane 5 0 8 46 63 72 T2 72
DDT 5 i 11 25 44 61 65 65
Calcium arsenate 70 [ 2 3 6 18 45 63
Isodrin 2 1 1 1 11 28 26 62
Compound 1189 5 0 1 1 1 4 36 62
Compound 21/199%* 5 0 1 10 22 27 39 44
NPD 4 0 2 14 25 27 28 30
DDD b 2 3 4 6 15 18 28
Schradan 2 0 1 16 15 21 23 26
Methoxychlor 5 0 1 2 3 23 24 24
DNOCHP 10 0 3 5 18 20 21 23
Toxaphene 10 0 1 3 4 9 18 21
Sulfur 98 0 0 1 1 1 10 17
Rotenone 1 ¢ 0 1 6 8 12 15
1,1—Trich10ro-2,2-b'1s—(p—ethylphenyl)
ethane (Q 128) 5 0 0 0 0 11 12 13
Demeton 2 0 1 2 4 5 8 9

*=0,0- Diethyl—O-(3-chloro—4~methyl-4—hydro—7-hydr0xycoumarin.
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11) Toxicity of pesticide dusts for Apis mellifera, tested under precise conditions of temperature, humidity, 131
time, by the vacuum jar dusting method. Dusts applied at various dosages: {Continued)
Concen-
Substance tration Mortality (%} At Various Times After Treatment
(at 400 mg dosages) (%) Shre 4 hrs 6 hrs 12 hrs 24 hrs 48 hrs 72 hrs
CONTRGL — 0 0 1 2 4 1 9
C8-708 5 0 o 0 2 2 3 4
Substance
{at 100 mg dosages}
gpn® 2 8 54 94 100 - - -
Lindane 1.5 0 0 a8 95 100 - -
Metacide 2 65 B7 89 84 100 — —
Methyl parathion 2 2 3 48 84 100 - -
Parathion 2 22 44 57 73 100 - -
Dieldrin 2 0 0 15 687 100 — —
BHC 2 ¢ 0 44 98 99 100 -
Diazinon 5 0 6 36 62 98 100 -
Heptachior 2 0 ¢ 9 71 26 100 -
TEPP 1 28 28 29 47 95 100 -
Aldrin 4 0 12 24 59 99 99 100
Malathion 2 15 20 25 52 99 99 99
Chlordane 5 1 2 3 12 28 50 5
Endrin 2 0 1 31 54 56 61 63
Isodrin 2 1 i i 7 20 49 54
Compound 1189 5 0 0 0 2 17 34 48
DDT ) 0 1 9 21 44 46 47
Heptachlor 0.5 0 1 2 4 13 36 46
Calcium arsenate 70 0 1 2 5 10 20 28
1,1-Trichloro-2,2-vis- {p-ethylphenyl)
ethane {Q 128) 5 3 5 ] 16 17 19 23
Perthane 5 G 0 12 16 21 22 22
CMU [3(p-Chlorophenyl)-1,1-dimethyl
urea) 10 0 1 1 1 3 11 17
Methoxychlor 5 0 3 4 6 14 15 15
Sulfur 98 0 0 1 2 5 12 13
NPD 4 0 1 6 8 9 9 13
Demeton 1 0 3 3 4 4 9 i1
DDD 5 ] 0 0 0 4 6 11
CONTROL - C 0 1 2 4 ki 9
DNOCHP 10 0 3 3 4 6 8 2
Toxaphene 10 0 b} 0 2 3 5 7
CS-708 3 0 1 2 4 4 4 4

{1} Highly toxic to bees: DN-111, EPN, Sabadilla, Lindane, BHC, Heptachlor, Chlorothion,® Metacide®,
Aldrin, Dieldrin, Diazinon, Malathion, Methyl parathion, Parathion, TEPP®, Compound A-42, Isolan,
Endrin, Chiordane.

Moderately toxic to bees: Potasan®, Compound 21/116, Q-137, DDT, Calcium arsenate, Isodrin,
Compound 1189, Tartar emetic, Chlorohenzilate, Compound 21/199, Cryolite, Compound 876, Ryania,
NPD, DDD, R-242, Schradan, Methoxychlor, DNOCHP, Aramite®, Toxaphene.

Relatively safe for bees: Sulfur, Rotenone, Ovotran®, Chlorinated terpene, Compound Q-128,
Pyrethrins, Compound 923, Neotran®, CMU, Demeton, Allethrin, DMC, Cunilate, C8-708, Nicotine.

1iI) OTHER BENEFICIAL INSECTS

1) Laboratory tests of various insecticides used as dusts on three species of beneficial insects. Adult insects 1404
placed on plants previously treated by vacaum dusting:

Substance, Concentration As Dust Insect Mortality (%) In 24 Hours
Collops vittatus Hippodamia convergens Coleomegilla maculata

DDT, (5%) 38 6 32
Perthane, (3%) 23 6 12
Strobane, (5%} 10 18 12
Heptachlor (2.5%} 41 30 38
Toxaphene (10%) 32 12 35
Endrin (1%} 27 10 18

Dieldrin (2%) 36 4 24
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Substance, Concentration As dust Insect Mortality (%) In 24 Hours
Collops viftatus Hippodamia convergens Coleomegilla maculata
Parathion (2%) 65 78 298
Malathion {5%) 47 90 100
Chlorothion (5%) 64 82 100
Diazinon (4%) 37 66 100
CONTROL 11 4 0
Lowest Significant Difference
at 5% level. 20 24 26
2) Insecticides and Orius sp., Geocoris sp., Chrysopa sp., Hippodamia sp.: 3171

a) DDT, Toxaphene, Parathion, Dieldrin, Endrin, Demeton: All are toxic to some degree to the above-men-
tioned beneficial insects.
(1) Parathion and Toxaphene + DDT mixture are highly toxic.
(2) Toxaphene, Endrin, DDT are moderately toxic, with DDT the least toxic,
{3) Demeton has but a limited toxicity,
b} Chrysopa sp, (larvae) and Orius sp. are relatively tolerant to a wide variety of insecticides.

13

BENZENE HEXACHLORIDE (BHC; 1, 2, 3, 4, 5, 6-Hexachlorocycio-

hexane)
H cl
cl \c/ H
N N
H/l l ~.Cl _
Cl\C & _-H Molecular weight 290,85
B >c< ~ci
cl H
GENERAL [Refs. 353, 2231, 2815, 3174, 873]

The term benzene hexachloride, BHC, designates a mixture of stereoisomers, known for more than 125 years.
A superior general treatment is found in the paper of the discoverers of the insecticidal virtues of BHC,
and Raucourt. As an insecticide, BHC has extraordinary versatility. The active insecticidal ingredient of the
isomeric complex is 7-1,2,3,4,5,6—hexachlorocyclohexane (lindane) q.v. A potent stomach poison insecticide
which also possesses a persistent contact and fumigant action. More toxic than DDT.

PHYSICAL, CHEMICAL: {Refs, 2579,2848,1751,2638,1853,171]

BHC (crude, tech.): Amorphous, grey-white to brown powder or solid of persistent musty, mousey odor; a
sterecisomeric mixture of the o »B,7,0, e forms + small amounts of heptachlorocyclohexanes and octachloro-
cyclohexanes; pure @.8,y, isomers are known as white, crystalline golids; the physieal characteristics of the
tech. mixture are variable and not sharply defined. m.p. {tech.); Melting begins at 65°C, the mixture of all
isomers melts at 115°-130°C,

Melting point and vapor pressure of individual hexachlorocyclohexane isomers:

o B8 y ] €
Amount in Tech.BHC(%) 5 70 12 7 3
m,p., °C 159-160 309-310 112-113 138-139 219-220 {mixt, decomposes
158 312 112.5 138 219 at 288°C)
v.p., mm Hg0°C 0.06 0.17 0.14 0.09 -
v.p., mm Hg20°C 0.02 0.005 0.03 0.02 -
v.p., mm Hg20°C 25x107°  28x1077  94x10" 1,7x 10" -
v.p., mm Hg60°C 0.33 .58 0.48 0.34 -

Melting point of impurities: Heptachlorocyclohexane = 85° -86°C; octachlorocyclohexane = 147°- 149°C:
The a -isomer volatilizes with steam; the B-isomer is nonvolatile with steam, but sublimes.
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Solubility: Neither the tech. mixture, nor any of the individual isomers, ie soluble in water; the order of solubility
in organic solvents is: & Sy e >a > . Amount actually soluble in distilled H,0 at 20°C: o =10ppm, §=>5ppm,
v =10ppm, & =10ppm.

a} Solubility of hexachlorocyclohexane iscmers in various solvents: 2848
Solvent g/100g Solvent At 20°C
a g Y s
Acetic acid, glacial, 4,2 1.0 12.8 25.6
Acetone 13.8 10.3 43.5 71.1
Benzene 9.9 1.9 28.9 41.1
n- Butanol 1.6 0.7 4.4 19.4
n-Butyl acetate 10.8 7.1 31.5 54.4
iso-Butanol 0.9 0.4 3.0 13.5
Carbon tetrachloride 1.8 0.3 6.7 3.8
Chloroform 6.3 0.3 24.0 13.7
Cyclohexane 1.4 0.8 4.6 2.7
Cyclohexene 5.5 1.0 17.4 14,6
Cyclohexanol 1.9 0.6 4.6 17.3
Cyclohexanone 17.3 12.1 36.7 49.4
Decahydronaphthalene 2.9 0.4 8.1 10.4
Diacetone alcohol 5.4 2.9 21.0 30.5
Diethyl carbonate 10.2 4.1 28.4 46.3
Diesel oil 1.5 0.3 4.1 9.2
Dimethyl acetal 14.3 3.4 38,7 54.7
Dicxane 33.6 7.8 31.4 58.9
Ether 6.2 1.8 20.8 35.4
Ethanol 1.8 1.1 6.4 24.2
Ethyl acetate 12.7 6.9 35.7 58.5
Ethylene dichloride 7.9 0.6 28.9 27.3
Ethylene glyceol 0.3 0.1 0.6 4.1
Ethylidene chioride 2.7 0.7 20,2 19,5
Glycerine 0.02 nil 0.06 0.2
Methanol 2.3 1.6 T.4 27.3
Methyl acetate 13.6 6.7 27.7 62.1
Methyl propionate 13.0 7.9 37.8 61.6
Monochlorobenzene 7.4 0.4 23.4 21.4
Naphtha (230°-270%) 5.8 1.5 18.1 30.4
Odorless distillate (198" -257°) 0.8 0.02 2.0 1.1
Paraffin (138°-212°) 1.2 0,05 3.2 4.6
Perchloroethylene 2.4 0.1 7.4 3.5
Pentane 0.9 0.1 2.2 1.6
Petrol ether 40°-60° 0.7 0.1 2.1 1.8
Petrol ether 60° -80° 1.0 0.2 2.7 1.8
Petrol ether 80°-100° 1.0 0.2 2.9 3.2
Petrol ether 100°-120° 1.3 0.2 3.5 3.5
n-Propanol 1.6 1.1 5.2 21,1
iso-Propanol 0.6 0.4 2.8 18.0
Toluene 9.0 2.1 27.8 41,6
Trichloroethylene 3.7 0.3 14.7 7.6
White oil 0.7 0.02 1.9 1.1
Xylene 8.5 3.3 24,7 42,1
H:0 (distilied) 10 ppm 5 ppm 10 ppm 10 ppm
Stable toward light, heat, air, moisture, strong acids. Dehydrochlorinated by alkalis at ordinary temperatures: 1751
a,y,b,eisomers in alkaline alecohol yield 3 moles HC1l/mole and 1,2,4-trichiorcbenzene (65-86%), 1,2,3-tri- 19
chlorobenzene (5-15%), 1,3,5-trichlorobenzene (6-15%. The g-isomer, dehydrochlorinated by refluxing, yields 844
largely 1,2,4-trichlorobenzene as do the other isomers under the same conditions. Dechiorination rate not 2058
correlated with relative toxicity (for insects) of the isomers. 1299,642
a) The rate constants for alkaline dehydrochlorination at 20°C:
o = ca0.169 I/sec/mol {Ky): B=3x10"" (K,); 5=0.110 (K.}
v = 0.045 (K,} where:
c.gcl +on K¢ B cl o+ B0+ CL
€, B, Cl, + OH _ C,H, Cl, +H,Q+CL
C,H,CL +OH _Bs_ CgH,Cly + B0+ Cl
The odor and taste of BHC, which contaminate foodstuffs, are major drawbacks to full use of the insecticidal 1824
potential, 2924

a) Reports suggest that chlorination at -8°C, or the refluxing of tech, BHC with aluminum chloride, followed
by ether extraction, yield an odorless, iasteless produect.
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A full treatment of stereochemistry of BHC may be found in Ref. 2231.

Formulations:

1} Wettable powders; dispersible and miscible liguid concentrates; dusts; paints; preparations for vaporization; 2848
contact and residual sprays.
a) y-Isomer, stable to high temperatures, may be used as an insecticidal smoke.

TOXICOLOGICAL

1} Toxieity for higher animals:

a) LDs values range from 0,3-15g/K for mice, rabbits, rats, cats, sheep, chickens, ete. Acute oral LD, for 353

b)

d

—

=

animals = ca. 1 g/k. 185,1290
(1) Estimated LD of a commercial mixture for man = 0.4g/K. 2221
Animal Isomer Route Dose Dosage (mg/k) Remarks

Rat o or caLDsq 500 1851

Rat a or LD 1700 (LDso 7 days 1.7 g/k. Ref. 2848} 887

Rat B or calDg, > 6000 (No deaths in 7 days Ref. 2848) 1951

Pike* 8 Medium Toxic 2 ppm ***And other northern fishes.”” 503

2026

Mouse v or LDsq 26 805

Rat ¥ or LDso 7 days 190 2848

Rat ¥ or LDso 177 805

Rat v or LDgq 200 687

Rat ¥ or LDg, 125 1951

Rat ¥ sC LDso 50 687

Rat ¥ ip LDg, 35-85 Amount depends on solvent. 598

Guinea Pig ¥ or LDso 100 In peanut oil, 687

Guinea Pig v or LDsg 127 3362

Guinea Pig ¥ sC LDsy 100 In peanut oil, 687

Rahbbit ¥ or L, 60 3362

Rabbit v or LDso 20¢ In peanut oil, 687

Rabbit v ct LDso >4000 Dry inunction. 1952

Rabhbit v ct LDsp > 180 In solution. 1852

Rabbit W sc LDse 75 In peanut oil, 687

Rabhit v iv LD 4.5-6.0 2208

Goldfish y Medium Tolerance Limits, 0.09 ppm 10 days exposure. 828

Pike* ¥ Medium Toxic 0.05 ppm *“And other northern fishes” £03

2026

Fish v Medium Tozxic 1-10 ppm 1192

Rat e} or LDsu 900 3063

Rat & or LDsg 1000 (LDsg 7 days 1.0 g/k Ref. 2848 1949

Pike* 5 Medium Toxic 0.2 ppm *¢And other northern fishes.’

Mouse BHC(y12-13%) or LDgq 700 Commercial preparation of

tech. BHC. 1083

Rat BHC(312-13%) ar LD 1250 Commercial preparation of 2849

tech. BHC. 3064

Goldfish BHC (tech} Medium Tolerance Limitss  0.24 ppm 10 days exposure. 828

Trout BHC (tech) Medium Disabling 1 ppm As an emulsion. 595

Trout BHC(tech) Medium Disabling 10 ppm As acetone solution. 595

Goldfish BHC+DDT Medium LCs5q 3 ppm 10 days exposure. 827

General remarks on toxicity of BHC:

(1) Toxicity of tech. and commercial samples varied with isomer proportion {particularly the amount of 2848
y-isomer present) formulation and animal tested. 1949,2849
{a) Average toxic dose for mammals in general = 125 mg/k y-isomer.

(b) Toxic dose (man) is less than that of DDT, but BHC is not readily absorbed by skin, mouth. 1221 448

(2) LDsy, values of 2 early preparations for mice, rats, rabbits, guinea pigs, cats, sheep, chickens, 1290
pigeons = 1000-15,000 mg/k,

(3) For some fish less toxic than DDT; bluegills tolerated 0.45 ppm, 215
(a) Trichlorobenzene, dehydrochlorination product of BHC, is toxic in low concentration to fish. 3019

(4) Highly toxic to some invertebrates (e.g. isopods) other than insects. 2302,1507

{a) No apparent toxic effect on earthworms.,
Sub-acute effects; chronic toxicity; tolerat ed and sub-lethal dosages:

{1)Comparative toxicity BHC, DDT, methoxy-DDT, chlordane, for livestock: 3277
Insecticide Animal Wgt {Ibs) Dosage Results
(g/k)
BHC{106%) Sheep 86 2 Extreme symptoms in 6 hrs: Spasms, blindness; normal 5th day.

BHC{10%+) Sheep 124 1 Slight nervous symptoms in 24 hrs. Quick recovery.
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{1) Comparative toxicity BHC, DDT, methoxy-DDT, chlordane, for livestock: 3277
Insecticide Animal Wgt  Dosage Resulis
(Ibs)  (g/k)
BHC(10%y) Sheep 90 0.75 Slight nervous symptoms in 24 hrs. Normal in 48 hrs.
BHC(10%) Steer 710 0.125  No eifect.
DDT Sheep 85 2 Extreme nervousness, spasms in 24 hrs—5 days, Normal 9th day.
pDT Sheep a7 1 Muscle tremeors, incoordination; normal in 48 hrs.
nDT Sheep 93 0.5 Slight nervous symptoms for 24 hrs.
DDT Steer 540 0.5 Nervous twitching, incoordination; normal on 6th day.
methoxy-DDT Sheep 115 1 No effect.
methoxy-DDT Sheep 83 2 No effect.
methoxy-DDT Steer 540 0.5 No effect.
chlordane Sheep 8 2 Severe nervous and respiratory symptoms 16 hrs; death in 3277
48 hrs.
chlordane Sheep 123 1 Severe nervous and respiratory symptoms 16 hrs; death in 48 hrs.
chlordane Sheep 103 0.5 Incoordination, nervousness, blindness; normal in 5-6th days.
chlordane Steer 820 0.05 No effect,
(9)Cattle reported unaffected by 75,125 mg/k. Calves: Severe harm at 300 mg/k. 32717,1083,3330
{3) Dogs tolerated with litile effect 400 mg/k BHC containing 35% y-isomer. 1083
{4) Rats: Highest levels tolerated without tissue damage when given in diet for 104 weeks: 2231
{a) Tech. BHC - 10 ppm {d)y-Isomer - 50 ppm
(b) & ~-Isomer - 10 ppm {e)5-Isomer - < 800 ppm
(c} g -Isomer - < 10 ppm
(5)Rats: Dietary levels at which gross effects ensued: 2231
{a) Tech. BHC - 100 ppm (c)p-Isomer - 10 ppm
{b}a -Isomer - 100 ppm (d)y-Tsomer-100 ppm
(6) Rats: y -Isomer, non-toxic at 200 ppm in diet for 4 wks; growth reduction at 400 ppm; fatal to many at 817
600 ppm; fatal to 75% at 800 ppm.
{T)Rats: Tolerated, with normal growth, 500 mg/k in diet {for 57 days. 3064
{8)Rats: Tolerated y-isomer at 30 mg/k/day. 3064
{9) Rats: Retarded growth when fed § at 100ppm, @ at 800ppm, » at 1000ppm, BHC tech.at 00ppm. 1016
{10) Mice: Survived 40mg/k, distributed in oral doses over a period of 30 days. 1083
(11)Cattle: Tolerated 125 mg/k/week, orally, to protect from tsetse fly, ticks. 3330
{12)Comparative effects, chlorinated hydrocarbon feeding. Dogs: 203
Substahce Dosage Total Estimated Sex Results
{mg/k) Given Total
{active (active
ingredients) (mg) ingredients)}
BHC {wettable) 5 1,188.69 71.35 ? No effect.
" " 10 2,684.94 159 o No effect.
" " 15 1,699.32 102 J No effect.
" " 20 4,389.58 264 o No effect.
BHC tech. (33-36% ) 100 6,504 2168 d  No effect.
moonmo 200 12,816 4272 d No effect.
" " o 300 12,681 4227 d Slight diarrheea, nervousness, dilated pupils.
woonooonon 400 11,160 3720 d No effect. ’
6% y-isomer 25 5,110.46 306.8 Q No effect,
"en v 50 13,244 795 d No effect.
ven " 80 13,164.7 790.8 d Slight diarrhoea, vomiting, anorexia.
"o N 75 8,496.6 910 o Slight diarrhoea, vomiting, ancrexia.
Toxaphene (25% chlorinated
camphene) 20 . 638 159 d Convulsions, exireme salivation in 12 hrs.
" " 30 1,008 252 d Convulsions, tremor, diarrhoea in 2 hrs,
" " 40 1,017.6 254.4 Q Convulsions, tremors in 12 hrs.
" " 50 1,544 386 ? Convulsions, kill in 3 hrs.
" " 80 2,289.6 572.4 o Convulsions, kiil in 2 hrs.
" " 70 2,226 556.5 d Convulsions, kill in 3 hrs,
" " 80 2,035,2 508.5 Q Convulsions, kill in 3 hrs.
Chlordane (wettabie 50%
active ingredient) 200 7,224 3862 I+ Clonic spasms in 12 hrs.
" " 225 5,931 2065.2 2 No effect.
" " 250 5,110 2555 ? Slowed respiration,
" " 300 11,586 5793 o Clonic spasms, tremor in 4 hrs.
Chlordane (wettable) 400 10,544 5272 ? Tremors, salivation, convulsions, blindness.
v " 500 10,220 5110 4 Tremors, convulsions, prostration.
" " 700 6,356 3178 =) No effect.
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(13) Mammals in general: Toxic level = 400 ppm daily intake in the diet. 1949
(14) Effects of topical application: Dips, sprays, dusts, inunctions:
{a)Man: Used as scabicide withoul adverse effect. Application of 15-20g of 1% mixture in vanishing 1221

cream or lotion over entire skin surface of adult and allowed to remain 24 hrs. was effective in
scabies without apparent dermal absorption hazard, Second, third applications at weekly intervals
were without hazard, Sensitization, irritation at this dosage not reported. Available as 1% BHC
(U.S,P.) lotion, ointment under various proprietary names.

{b) Animals: y-Isomer hazardous in 1 inunction at 50 mg/k; repeated inunction at 20 mg/k; irritating, 1949

(e)Cattle: Single spray, 1.5% suspension ¥~isomer gave 100% kill; 0.05% emulsions y-isomer were fatal 407
for calves: 0.25% spray harmless for adult cattle. Maximum Tolerated Dose; Calves = < 0.05% 2571
suspension as single spray, Sheep, goats, pigs tolerated single dips, sprays with 0.5% y-isomer.

(d) Cattle survived i dip in 5% v-Tsomer suspension without symptoms, 407

{e)Cattle, sheep, goats, pigs, horses survived without symptoms 8 dips within 1 month in 1.5% y-isomer 407
suspensions. T

(f} Rats tolerated, without symptoms, daily cutaneous application for 14 days of 5% emulsions, y-isomer, 2850
to ears and tail.
{£) Mice, prevented from grooming, survived 1 dip in 5% y-isomer emulsion: died following 1 dip in 10% 2850

emulsion,
{(h) Dogs, cats: Safe as 0.5% y-isomer dry dusts; frequent use on cats hazardous. 2571
(i) Poultry: unsafe, hazardous, and not to be applied directly. 2571

(15} General remarks:
{a) Danger as a chronic toxicant: When properly used, minimal and less than that of DDT. Range cattle 2571
withstood, without clinical signs, 10 applications at 2 week intervals of 0.2% wettable powders,

(b) On young animals: Use against lice, fleas, ticks, mites, biting flys is limited by toxic hazard; not 129
to be applied to calves under 3 months of age; for pouliry, use only as a roost paint.
(c) Special care is recommended in mixing concentrates. Contaminated skin is to be washed at once, 2345

contaminated clothing removed at once. Avoid breathing of vapors, dusts, sprays, and the contamina-
tion of food for men and animalis.
{d) The mammalian toxicities of the isomers differ; 2120
a:-Low acute, chronic, cumulative toxicity.
8:-Low acute; high chronic, cumulative toxicity.
yi-Some acute mammalian toxicity; not a chronic, cumulative poison.
8:-Low acute, chronic toxicity; irritant to mucous membranes,

(e) Residues present a problem because of odor and taste, and the cumulative, chronic toxicity potential 129
of some isomers,
(f) Only the y-isomer is effective for livestock pests; most animals tolerate it well, 2571

PHARMACOLOGY; BIOCHEMICAL, PHYSIOLOGICAL ACTION: SYMPTOMATOLOGY:

1)

2)
3)

4

—

5
6

7

The acute symptoms of intoxication are those of central nervous stimulation with rise in blood pressure, fall 2208
in heart rate; encephalogram of the Grand Mal type. These symptoms are ascribable to the y-isomer. The
£, & isomers are central nervous system depressants.

a) In laboratory animals: Excitation, hypersensitivity, tremor, spasms, convulsions, ataxia, paralysis and 1290
death. 2208
(1) Tremor, convulsion controlled by barbiturates (e.g. pentobarbital) and partly by £ and 8 -isomers, 2208

which are CNS depressants.

b) In older cattle: Hypersensitivity, tremors and finally general paralysis, 333C

¢) In calves: Hyperstimulation, profuse salivation, eye-rolling, grinding of teeth, twitching, excited behavior, 407

convalsions and/or depression, dullness, anorexia, refusal to drink, blindness and finally opisthotonus,
limb threshing and agonized death.

BHC counters the convulsive symptoms of metrazole, picrotoxin, nikethamide. 1499
In man: The onset of symptoms may come in 1-2 hours, death in 24 hours. 129
a) Oil and epinephrine to be avoided in treatment of BHC poisoning. 129
Histological and histopathological changes have been noted in liver, kidney, bladder, gastrointestinal tract, 407
heart, lungs, brain, and nerve cord. 1083,3330
a) Fat droplets accumulate in cells of many organs, 185
Enlargement of liver, with hepatic cell swelling, in chronic intoxication. 1016,1953
With regular intake of BHC, storage occurs in the tissues, particularly in fat. Maximum accumulation 1016
oceurs in 6 weeks, Appears in milk of lactating animals. 2571
a) Elimination is rapid when intake stops; § -isomer more persistent than others, 26'71,708
b) y-Isomer appears in rat tissues (fat) shortly after feeding of 20 and 1000 ppm hegins, but there is no 1928
accumulation.
¢) y-Isomer is rapidly metabolized in vivo, 1950
Experimental evidence does not support the theory that BHC serves as an antimetabolite for inositol in cell 817,

metabolism. 2848,1004,2208
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PHYTOTOXICITY:

1) At insecticidal levels not generally hazardous, except to gucurbitaceae, but at higher levels BHC interferes 129
with seed germination, growth, yield and may cause root deformation and cytogenetic changes by induction of 1853
polyploidy (a colchicine-like effect), 2898
a) generally more toxic than DDT for plants; highly toxic to most germinating seeds and to roots. 294

(1) Corn is sensitive; muskmelons extremely sensitive; snap-beans are tolerant and strawberries unusually 294
tolerant.

{2} Markedly injurious to seed germination at 1-6 lbs/acre. Bean and corn seeds were seriously injured by 294
coating with BHC dusts.

{3)3 ppm (6 lbs/acre, soil 6% in deep) injurious to red clover, vetch, soybean; 30 ppm do serious injury. 294
Harmful at 20-50 Ibs/acre to wheat, oats, barley. Reported harmless to grain grops at 15 lbs/acre.

{4) At 50-80 lbs/acre, not harmful to eotton, tobacco, the following year; 100-200 lbs/acre have consistent- 294
1y ruined experimental plantings,

(5) Some potato varieties tolerated 80 lbs/acre; others were injured by 20 lbs/acre. 294

b} Musi not be used with potatoes, sweet potatoes, carrots, beets, or other root crops, or with peanuts or any 294
plant whose edible parts develop in the soil. BHC taints the flavor of such erops with a bad taste and un-
pleasant cdor.

(1) May, in addition, taint the meat, milk, butter of animals pastured on treated forage or given treated 129
food. 2120
¢) Pound for pound, lindane (y-isomer) is as toxic as tech. BHC. However, since only 3 as much is required 294

for an equivalent effect in insect control, much smaller quantities reach the soil.
d) Soil microflora: At 100-500 lbs/acre, soil fungi and nitrifying bacteria are suppressed for several months, 294
e) Persistence, soil accumulation:

(1) Less persistent than DDT, Large doses decompose at rate of 10% per year. 294
{2) Toxic effects for sensitive crops persist for b years on soils originaily receiving 100-200 lbs/per acre. 254
(3) The accumulation tendency is less than that of DDT, but accumuiation occurs on soils receiving sub- 294

stantial dosages.

2) Degree of plant injury due to BHC used at a rate giving a dosage of 27.5 1bs y-isomer/acre (1.01 Ibs/1000 fth). 2304

Plants Totally Destroyed Piants Partly Susceptible To Injury Plants Not Injured
Beet, (Detroit Dark Red) Beans (bush), (Burpee Stringless) Broccoli, (Italian)
Cantaloupe, (Hale's Best) Beans (pole), (Rogers, Blue Lake, Associated 12) Cabbage, (Golden Acre)
Chard, {Giant Lucullus) Beans (Lima), (Burpee’s Bush) Carrots, {Chantenay)
Corn, (Hummer, Golden Cross Bantam) Endive, (Green, Curled) Celery (sets), (Utah Green)
Cucumber, (Boston Pickling) Lettuce (from seed), (Grand Rapids} Kohlrabi, (Early Purple)
Onion, {White Bermuda) Lettuce (sets), (New York Head) Mustard, (Southern Curled)
Peas, (Blue Bantam) Pepper (sets), (California Wonder) Parsnips, (Hollow Crown)
Potatoes (White Rose) Tomato (sets), (Chatham, Golden Jubilee, Radish, (Crimson Giant)
Pumpkin (Pie) Pritchard, Boany Best, Stokedale) Rutabaga

Spinach (Noble Giant)

Squash (Table Queen, Crookneck)
Tampala

Tomato {from seed) (Bonny Best)
Watermellon {Klondike)

a) Control, lasting over 5 months, of the following weeds: Chenopodium album, (lamb’s quarter), Amaranthus 2304
retroflexus, (pigweed), Convolvulus arvensis, {bindweed) was had with BHC,

b) No effect noted on weed grasses or Senecio vulgaris, (groundsel), 2304
3) Additional chservations on phytotoxicity:

a) May scorch or injure radish, turnip, kale, spinach, and beet seedlings. 2988
b) Used as a greenhouse “‘smoke,” may damage roses. 482
¢) Used at 30 lbs/acre, damages squash foliage. 482
d) As 3% dust damaged cantaloupe, cucumber at 30 Ibs/acre; as 1% dust at 175 lbs/acre injured sweet corn. 349
e) As 0,1% suspensions, injuricus to tobacco seedlings. Above 1.6 lbs (tech.)/acre BHC suppressed root 820

development in seedling tobacco. BHC (tech.) dust at 2,25 Ibs/acre on 11 day seeding tobacco gave tem- 123

porary stunting and distortion; to 11 Ibs/acre the effect was transitory. At 37.5 lbs tech. BHC/acre many
plants were killed, others seriously stunted. Considerable mortality in 3 week old tobacco at 75.6 lbs tech.

BHC/acre.
f) At 275 lbs/acre injuricus to lettuce, pepper, beans, tomatoes, beets, cantaloupe, chard, corn, cucumber, 1262
onion, peas, potatoes, pumpkin, spinach, squash, watermelon.
g} Injurious to roots of peas at 60 lbs/acre. 2726
h} Growth of legumes inhibited by 30 ppm in soil. 3325
i} 200 ppm in soil injured onions; 800 ppm killed onions. 2204
j} 200 ppm in soil injurious to wheat, flax, cabbage, beet, cress; 25 ppm was injurious to oats. Rye is the 2898
least susceptible cereal.
(1)y-Isomer apparently not the phytotoxic principle. 80
(2) 5 -Isomer alone found toxic for leaves, stems, 2698
k) Applied in sand culture to Norway pine seedlings at a rate equivalent to 1 ppm crude BHC and 8 oz 2838

y-isomer/acre, root malformations resalted,
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(1) Polyploidy, multinucleate cells, cytological malformations of the root tip meristem, increased in
chromosome number (aneuploidy) resulted.

{2) A colehicine-like response after 8.5 da
of chromosomes from nucleus, chroma

TOXICITY FOR INSECTS

1) Insect

Abdes aegypti (aduit}@

Atdes aegypti {adult)@
Anopheles quadrimaculatus (larvat
Anopheles quadrimaculatus (larva)
Apis meilifera {adult}

Blattella germanics

Blattella germanica

Blattella germanica

Cimex lectularius

Cimex lectularius

Epilachna varivestis (adult)
Epilachna varivestis {4th instar)
Epilachna varivestis (adult)
Epilachna varivestis (4th instar)
Leptirotarsa decemlineata
Leptinotarsa decemlineata
Melancoplus difierentialis
Melanoplus differentialis
Melanoplus differentialis
Melanoplus femur-tubrum

M. femur-rubrum

M. femur-rubrum

Musca domestica (adult) &
Musca domestica (adult) @
Musca demestica (adult)
Oncopeltus fasciatus

Oncopeltus fasciatus (adult) @
Oncopeltus fasciatus (adult} @
Pediculus humanus corporis
Pediculug humanus corporis
Periplaneta americana
Periplaneta americana
Periplaneia americana
Prodenia eridania {(5th instar)

Prodenia eridania (5th instar)
Sitophilus granarius
Tribolium castaneum
Tribolium castaneum
Calliphora spp {adults)

Route

Topical (spray)
Topical (spray)
Medium
Medium

or
Topical
Contact (residue)
Contact [residue)
Topical (spray)
Topical (spray)
Topieal
Topical
Topical
Topical
Topical (dust)
Topical {dust)
Topical (spray)

or

or
Topical

or

or
Topical (spray)
Topical (spray)
Topical (spray)
Topical
Topical
Topical
Topical (spray)
Topical {spray)
Topical

inj

inj

or

or
Medium
Medium
Medium
Topical

Dose

wﬁﬂ

LD!I]

LC oc*

ECi0024 hr

LDsy

LDgs

MED**

MEMP***

m 50

LDy

LDEKI

LDso6 days

LDso B days

LD 6 days

LCso2 days

LCy: 4 days

LDge

LD

LDs; 24 hr

L‘DSO

LDso

LDso

LDsg

LDso

L'c!-]ﬂ

LDso

LDso 6 days

LDsn b days
30

LDy

LDy

LDse

LDsy

LDy 4 days

LDsq4 days
LCs 5 days
LCs0

mﬁﬂ
LDsp48 hr

Dosage

3 e/

3.5 1g/g

0.2 ppm

1 ppm

0.15 pg/bee

3.8 ug/e

0.1-0.5 mg/1000cm®

10 min on 0.5 mg/1000cm®
0.051%

0.023 pg/insect (6 mg/k)
0.0574 (.0493-.0668) mg/g
0.0473 (,0382-.0568) mg/g
3.12 (0.739-11.1) mg/fg
1.83 (0.344-4.79) mg/g
4%

4%

3.4 1g/g

6.7 1g/g

5-10 ug/g

0.013-0.11 mg/g

ca 0.035 mg/g
0.005-0.01 mg/g

2.0 ug/g

3.0 g/g

0.17%

32.5 ug/g

2.48 {1.87-3.27) 1g/g
2.89 (2.56-3.27) ug/g
0.016%

0,003 pg/insect

5 ug/e

4 gfg

17 ug/g

21.9 (20.1-23.8) pa/g

1050 (855-1300) ug/g
0.4 ppm

0.142 mg/g medinm
27.6 mg/g medium
0.8 /g

¥s exposure gave disruption of the achromatic figure, extrustion
tids attached at centromere only.

Remarks

Given by author as 3 mg/k ¥-isomer.

Given by author as 3.5 mg/k y-isomer.
*Least ppm for 100% kill, 0.1 ppm gave 92% kill.
Crude BHC: 0.1 ppm gave 81.6% kill.

BHC, 90% y-isomer,

y-Isomer.

**zMinimum Effective Deposit. As BHC.
***= Minimum Exposure for Maximum Paralysis,
v-1somer in P31 oil sprayed at 0.36 mg/em’
y-Isomer,

y-Isomer in acetone.

¥-Isomer in acetone.

5-Isomer in acetone.

S-Isomer in acetone.

BHC in tale.

BHC in tale.

v-Isomer,

y-isemer in baits,

In xylene emulsion. y-isomer.

BHC (37% y-isomer),

BHC (37%y -isomer),

v-Isomer,

Given by author as 2,0 mg/k. In kerosene.
Given by author as 3.0 mg/%. In kerosene.
y-Isomer.

y-Isomer.

T8°F. y-Isomer in acetone or ventrum.

78°F, y-Iscmer in acetone on ventrum.
y-Isomer in P31 oil, sprayed at 0.36 mg/em®
1.5 mg/k.

v-Isomer in acetone.

y-Isomer, intra-abdominal.

¥-Isomer as emulsion intra-abdominal.
y-Isomer in leaf sandwich;/av. wgt.insect 0.4g

§-Isomer " "
y~=Isomer as dust by weight in grain,
Medium = wheat flour; y-isomer.
Benzene heptachloride mg/g wheat flour
y-Isomer in acetone.

2) Relative toxicity of hexachlorocyclohexane isomers for various insects:

Test Insect

Oncopeltus fasciatus
Epilachna varivestis
Prodenia eridania

Heliothrips haemorrhoidalis

Oryzaephilus surinamensis
Macrosiphoniella sanborni

Sitophilus (=Calandra) granarius

Ancpheles quadrimaculatus

Musca domestica
Blattella germanica
Tribolium confusum
Aédes aegypti

3) Resume of insects and other pests effectivel

Route BHC Isomer
¥ -] i) 6 £
Topical 1 >3700 >1800 >T400 >2500
Topical 1 > 520 > 220 55 > 410
or 1 > 97 > b3 48 > 110
Residue 1 1000 >10,000 10,000 >10,000
Residue 1 70 - 88 -
Residue 1 non-toxic - 16 -_
Residue 1 900 >B000 5500 -
Medium 1 250 >10,000 > 250 -
Residue 1 10,000 - 1300 10,000
Dipping 1 28 —_ 300 147
Residue 1 2800 — 7.3 53
Medium 1 >16800 - >1600 1500

¥ controlled by BHC in practical ecoromic dosages:

a) Orthoptera: Locusta migratoria, Gryllus domesticus, Blattella germanica, Blatta orientalis.

b) Anopleura: Pediculus humanus.

¢} Hemipfera: Cimex lectularias

d) Lepidoptera: Various leaf-eating larvae for example Pieris spp., Cheimatobia brumata, Tineola
bisselliella, Diaphania hyaliniata, Laphygma eridania, Pachyzancla bipunctalis,

e) Coleoptera: Various flea beetles, Phyllotreta spp., Phaedon cochlearis, Meligethes aeneug, Anthonomus
pomorum, Sitones lineata, Calandra granaria, Dermestes vilpinus.

) Hymenoptera: Various wasps, Vespidae, Ants, for example Lasius spp.

g) Diptera: Various mosquiioes for example Aédes aegypti, Ano

pheles gambiae, Anopheles maculipennis,

Theobaldia spp., ete., Musca domestica.,
h) Siphonaptera: Various fleas for example Ctenocephalis spp.
i} Arachnida: Dermanyssus gallinae,

i}
i} Crustacea: Woodlice, Oniscidae spp,

v. length insect 3-3.5em/.

b9

693
693
2020
762
910
187
1367
1367
413
413
2822
2822
2822
2822
873
873
1757
1757
1756
3266
3268
1756
693
893
1094
1757
2822
2822
413
413
2744
2744
846
282z

2822
2848
2823
2823
2744

2232

2822
2822
2822
2227
2040
2040
2848
642
157
157
157
157

2848
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4) Quantitative data: Relative toxicity of BHC isomers for vart
a) By topical application in aceton

insects held at 78°F.

(1) Oncopeltus fasciatus adult, 10-

13, BENZENE HEXACHLORIDE

Ispmer Amount
(mg/g)

a 9,23
4.42
3 4,62
b4 L0175
,0165
,00871
L00879
.00522

I.00438
00342

00246
L00167
L000781
006315
al 18.5
9,23
4,42
€ 6,33
acetone {112 insects)
acetone (14 insects)

g
¥, Mortality {corrected)

e solution to the ventrum;

60 individuals/trial.

32
0

0
100
100
95
95
79

53
66

LDy .00248 {.00187-,00327)

51
44
6
2
22

11
g
(]
5
T

(2) Epilachna varivestis & Q

« 29.7 0
12.8 0
B 12,6 i}
¥ 0.62 100
0.572 100
,243 100
,122 85
L0848 69
LDss 0574 {.0493-.0668)
L0573 56
,0188 3
& 12.6 T0
5.96 90
2.38 59
LDs 3.12 (.739-11.1)
1.28 25
0.657 4
0.297 T
0.0572 0
4 23.4 8
Benzene 23.3 95
hepta-
chloride 17.5 98
11.9 92
5.71 69

adults {10-80/trial)

ous insects:
mortality at 6 days after treatment corrected;

Amount (mg/g)

9.94

4,31

4.64
0175
,00837
00596
00452
00350

LDso .00289 (.00256-,00327)

00255
00173

.00809
.000329

18,9
9.94
4,31
6.4
(100 insects)
(33 insects)

4th Instar (10-50/trial)

% Mortality

(corrected)

19
14
T
100
93
95
65
62

39
27

3
0

25
14

12

44.8 g
17.6 0
17.6 0
915 100
604 100
.366 100
277 92
.185 a7
L0963 82
0723 35
LDso 0473 (.0382-.0588)
.0380 45
.0196 28
.00723 3
000624 0
89.5 100
44,8 100
19.2 8
13.1 64
9.55 70
3.69 68
1.94 68
LDs 1,83 (.344-4.79)

989 46
396 11
24.1 22
20,0 13
11.9 100
6.13 100
5.67 90
4.51 85
3.07 69
2,54 59
1.32 27



Isomer Amount
{(mg/g)
2.97
1.43
0.69
.33
acetone (50 insects)
acetone (61 " )

13."BENZENE HEXACHLORIDE

% Mortality (corrected)

adults

41
25
12
0
2
3

(3) Prodenia eridania: 5th instar, ca. 0.4g weight,

3-3.5cm length; oral route, leaf sandwich feed-

ing; mortality 4 days after treatment; insects
held at 78°F; 8-65 insects/trial:

Amount (mg/g)

.79
.67
.08

36

(99 insects)

(44

" )

% Mortality
(corrected)
4th instar

in wheat flour medium:

Isomer Dosage (mg/g) % Mortality {corrected) Isomer
14 2.14 0 ¢
2 1.26 0 B
¥ .0624 100 ¥
.0540 100(1_1)50 .0219 )
.0448 100\{.0201-,0238)
.0360 89
.0245 55
.0148 20
& 2,79 100
2.28 82(LDg 1.05 ))
1.72 76\(.855-1,30 )
1,28 5 £
.83 13 Benzene
hepta-
.40 0 chloride
€ 2.47 0
acetone
5) Comparative toxicity of BHC isomers used as fumi

a} Fumigation carried on in 970 cc jars, the atmo

Ispmer

Benzene heptachloride

Tempera- Exposure
ture {°F) {hrs)
59 24
68 24
86 24
99 24
68 24
86 24
59 4
59 8
59 24
68 4
68 8
68 24
86 4
86 8
86 24
99 24
68 24
86 24
59 24
68 24
86 24
59 24

s
by use of 5-10g amounts; mortality 4 days after

mg/g

Flour

100
50

0.5
4
.3
.2

1

15

125

.1
.09
100
100

30

25
20
15
10

No.

Insects

200
200
300
300
300
300
300

300
300
200
200
300

300
300
300
750

LCy.142
300\mg/g flou

ICs 27.6
300\mg/g flou

13

D3 =T b oo oo

% Mortality

78.3

34.3
25.3
12,3
3.5
1.0
46,7

48.0
34.0
23.7

2.0

gants. No contact with isomers except as vapours,

exposure:
b) Insects: I = Tribolium castancum adult 100-300/trial; II =
Il = Epilachna varivestis adult,

Hyphantria textor, larvae 6th instar 10-20/trial;

% Mortality {(corrected)

SO |

fee)
.O:-‘C)OOOH
-] ta

=i

— —
HRLWwRLoWwoooo oo O

w0 LS L

WS ORO OGN

phere maintained at saturation with the respective isomers

61

(4} Tribolium castaneum: BHC isomer toxicity; applied 2822
2823

2822
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b) Insects: I = Tribolium

IiI = Epilachna varivestis adult.

Isomer

Benzene heptachloride

Control

"

(1]

13. BENZENE HEXACHLORIDE

Tempera- Exposure
ture (°F) (hrs)
68 24
86 24
59 —
68 -
86 -

castaneum adult 100-300/trial; 1I = Hyphantria textor, larvae 6th insta

%, Mortality (corrected)

coo |

-t
o000 |l=l

£d, ¥

¢) Oncopeltus fasciatus, adult, 30-50/trial; fumigation carried out as specified above in "a.

Isomer

43

"
"
Lal
il
¥
™

"

Benzene heptachloride

(1}

"

Control

1"

1

Temperature (°F)

Exposure (hr)

%, Mortality (correcied)

59
68
86

24

2]
e G B e GO W G0 DO

[ o)

O M G0 B = R O

13
33
72
10
0
14
30
23
70
90
100
100
47
93
100
100
100
100
80
100
100
100
100
100

[y
oo

(2]
OO OO0 Oo

r 10-20/trial;

d) Time of exposure to air saturated with BHC, y-isomer, needed to give 50% mortality 4 days after treat-
ment:

Oncopeltus fasciatus

Insect

Tribolium castaneum

[0

"

1"t

Epilachna varivestis

[

(1]

1

"

Hyphantria textor

1]

"

1

]

T

(13

Temperature (°F)

Time of Exposure {hrs)

]
68
86
59
68
86
59

2.1
1
<1
17.5
7.1
3.4
>24
26.4
9.8
1

[ 7 ]

7.
8.
7.

2822
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6) Relative toxicity of BHC-isomers and related substances:

a) As dusts: Amount required as dusts applied to b) As spray: % concentration required for LC
grain to give 50% kill in 5 days of Sitophilus (50% kill) of Heliothrips haemorrhoidalis [Ref, 2227]
granarius [Ref. 2848]
Isomer Rel. amt. by Amount for 50% kill ICs% (%)
wgt for 50% kill
o 200 360 ppm 0.1
B practically non-toxic practically non-toxie >1,0
¥ 1 0.4 ppm 0.0001
5 5500 2200 ppm 1.0
DDT 15

(1) Of the following substances Spray concentrations greater than 0.1% were required to give 50% kills of H.
haemorrhoidalis:
¢-BHC; cr-heptachlorocyclohexane; B-heptachlorocyclohexane; ,8-1,1,2,3,4,4,5,6—octachlorocyclohexane;
a-1,1,2,2,3,4,5,6—0ctach10rocyclohexane; B—l,1,2,2,3,4,5,6—octachlorocyclohexane; 1,1,2,2,3,4,4,5 6-
enneachlorocyclohexane; 1,2,3,4,5,B-hexabromocyclohexane; 1,2,4-trichlorobenzene.

(2) Toxicity of ¥-isomer for H, haemorrhoidalis was not influenced by presence of other isomers, alone
or in combination.

b) Comparative toxicity of BHC isomers as solutions, w/w, in odorless distillate spray, for Musca domestica:
Isomer Concentration Of Spray w/w Mortality %
a 0.8 (saturation) 21
v 0.01 73
& 1,1 (saturation) 24
DDT 0.02 51

T} BHC, and isomers of BHC, as fumigants, smokes :
a) The fumigating action of BHC recommends it as an insecticide for insects inhabiting crevices of vegetation,
crinkled leaves (spinach ete.)
b} As a smoke in the open air at a dosage of 102 ibs ¥Y-isomer/acre, control of Glossina palpalis to the de-
gree of B0-90% has been obtained,

(1} Time, in hrs, for 100% kill of various insects exposed in space of 253 in® at T5°F, 62% relative humidity:
Insect Stage Time (hrs) For 100% Kill
- - BHC/253 in®

2.5g 5
Blattella germanica adult T0 80
Dermestes lardarius adult 216 216
D. lardarius larva 240 232
Ephestia kiiehniellg adult 18 16
E. kuehniella larva 168 168
Malacosoma americana larva 96 80
Oryzaephilus surinamensis adult 144 144
Tribolium confusum adult 260 250
Trogoderma sternalis adult 65 93
T, sternalis larva 228 212
(2) Initial kills by insecticidal smokes: y-BHC, DDT;

Insect Conditions % Mortality (24 hr after exposure)
DDT y-BHC
Culex molestus adult Under 1 layer straw matting 100 100
Culex molestus adult " 2layers " 100 100
% kill (7 days after exposure)

Cimex lectularius " 1layer ' " 30 90
Cimex lectularius " 2layers " " 8 90
Cimex lectularius Exposed on vertical paper 90 100

(3) Residual insecticidal effects, smokes of y-BHC and DDT: Kill of certain insects at various time
periods after the exposure of tested surfaces to smoke deposit:

Surface Insecticide Exposure % Mortality Of Cimex lectularius
(hrs) (on surfaces with deposits of stated age)
1 day 1 week 1 month 6 months
Horizontal DT 6 55 86 T
" " 17 100 100 100 75
" " 24 100 100 95 94
" y-BHC 6 87 72 - -
" " 17 98 89 26 —

" " 24 100 97 9 -

63

2227

2848

2848
1550

29486

426

426
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{(3)Residual insecticidal effects, smokes of y-BHC, and DDT: Kill of certain insects at various time periods 426
after the exposure of tested surfaces to smoke deposit:

Surface Insecticide Exposure % Mortality of Cimex lectularius
{hrs) {on surfaces with deposits of stated age)
1 day 1 week 1 month 6 months
Vertical DDT 53 4 24 - 5
" " 17 33 52 11 28
" " 24 36 4 22 6
" y-BHC 5] 27 8 - —
" " 17 45 12 12 -
" " 24 24 22 11 -

9 Mortality After Exposure
To Surfaces Treated 1 Week Before Test

Agdes aegypti Culex molestus

T DnT 3 57 —

" " 6 100 67

" 1 17 100 100

" +-BHC 3 100 -

" " 6 100 100

" " 17 100 100
Inverted DDT 3 17 -

" " 6 96 13

" " 17 38 98

" +-BHC 3 a4 -

" " 6 100 95

" " 17 100 100
(4) Estimated deposits mg/it’, space 2500 ft* (70m®), 1 smoke grenade/test. Grenades containing 110g 426

crude DDT (70% p,p' -DDT); 120g crude BHC {10-12% y-isomer) 60-70% DDT, BHC emitted undecom-
posed as particles <1uin diameter:

Hgt From Floor DDT ¢-BHC
Collecting Paper 2 Tests Collecting Paper 1 Test
Horizontal Vertical Inverted Horizontal Vertical Inverted
9-111t 20.4, 25.7 3.8, 5.9 39,55 30.9 10.1 6.0
6-7 It 13.0, 14,8 3.9, 85 3.9, 4.4 17.3 3.0 2.1
3-4 ft 14,0, 18.5 3.2 3.2 19.5 — -
8) BHC, as dusts, in the control of certain cotton plant insects:
a) Cage tests: insects placed on dusted plants at stated b) Cotton flea hopper: Insecticide application
time period after treatment: [Ref, 2979} at rate of 16 Ibs/acre as dusts: [Ref. 1661]
Insect y-Isomer Time Net Kill Insecticide Concentration % Kill in
%) After % (% active 24 Hrs
Dusting ingredient)
(brs) BHC 10 100
Chlorocroa sayi 1 28 75 " 5 100
" " 2 8 85 " 2.5 98-100
" " 10 19-43 100 " 1.25 93-100
Euschistus impictiventris 2 8-28 95 " 1 86
10 16-43 100 " .62 92
Lygus spp 5 3 100 " .31 83
Creontiades femoralis 5 15 190 " 3 a8
" .1 30
" .03 18
" .01 18
DDT-pyrophyllite 5 61
DDT-sulfur 4.6 (DDTY 85-100
Pyrophylilite control 0
9) Comparative toxicity BHC and other insecticides:
a) Toxicity of BHC and DDT as dusts and sprays on foliage 300
Insect Feeding Concentra- Deposit (ug/cm®) % Mortality (3 days)
BHC DDT tion(%) BHC DDT BHC DDT
Dusts
Phlyctaenia rubigallis much slight 0.5 g5 95 0 79
Prodenia eridania slight slight 0.5 110 110 96 1%
Oncopeltus fasciatus - - 1.0 125 125 75 17
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Insect Feeding Concentra-  Deposit (pg/cm?) % Mortality (3 days)
DDT tion (%) BHC DDT BHC DDT
Dusts
Diaphania hyalinata moderate much 0.1 115 115 100 54
Pachyzancla bipunctalis moderate much 0.1 a5 95 100 67
Altica bimarginata [t} 0 2.0 140 255 100 75
Pieris rapae moderate much 0.1 110 125 96 75
Cirphis unipuncta moderate moderate 0.5 85 115 83 71
Heliothis armigera much much 0.5 140 140 42 33
Peridroma margaritosa moderate moderate 0.5 95 85 83 92
Sprays
Pieris rapae moderate much .002 - - 96 13
Prodenia eridania much much .01 - - 58 29
Pachyzancla bipunctalis much much 002 — - 67 24
Diaphania hyalinata much much .002 - - 79 96
b) Toxzicity, as dusts. for larvae of Addes aegypti, BHC and others: 2848
Insecticide Lbs/Acre % Mortality After
1 day 2 days 3 days
BHC (crude) 0.5 0 23 93
" " 0.06 0 0 20
BHC (y-isomer) 0.5 0 a7 100
" " 0.06 0 33 80
DDT 0.5 0 43 97
" 0.06 ; 23 47
Cuprous cyanide 0.5 47 73 87
' " 0.06 30 40 65
¢} Toxicity, BHC and others, in poison baits for Locusta migratoria, laboratory tests: 2848
Insecticide Concentration (%) % Mortality, 48 hrs
BHC (crude 10-12% y-isomer) 0.02 62
" ( 1 1t L1} ) 0.05 96
Sodium arsenite 4.0 66
DDT 0.2 57
d} Comparative LDs, values, BHC and others: Melanoplus femur- rubrum: 3266,1756
Insecticide Route LDsc {mg/g) Remarks
BHC {37% yv-isomer) contact 0.011-0.013 At >.0129 mg/g 3 of 41 lived >2 days; at <{.112 mg/g 5
of 22 died bhefore 7 days.
BHC (37% y-isomer) or ca0.035 Death within 1-2 days.
BHC (pure y-isomer) or 0.005-0.01 -
Chlordane contact 0.0195-0.022 At >,0218 mg/g 3 of 32 lived >4 days; at <{.0195 mg/g
11 of 40 died before 4 days.
Chlordane or ca0.014 Death within 1-2 days.
Chlordane or 0.0125-0.025
DDT contact >1.635
DD'T or >0.26
Toxaphene contact >0.75
Toxaphene or 0,086-0.105 Death at end of 48 hours.
e) Toxicity, BHC, other chlorinated hydrocarbons, for Melanoplus femur-rubrum nymphs; field plot tests on 3266
alfalfa plantings:
Insecticide Rate Actual Insects Caged On Plots Insects Caged On Plots
Toxicant Before Treatment 30 Min After Treatment
(lbs/acre) {days) (% Kill) (days) (% Kill)
y-BHC (1% dust) 0.15 1 89.2 ki 10.1
13 " Tt rn 2 95-6 - -
reoon " 0.3 1 84,5 4 5
" " " " 2 91.0 7 20
" {0.5% dust) 0.15 1 72.8 7 11.3
" tr ™ r T 2 83.4 — —_—
1t 1 1t " " 4 91.4 — —_
™ " 1" " 1t 5 92.0 —_ —
e it " tt " 7 93‘1 —_— —
ron "o 0.3 1 88.7 3 14.3
t r " 11 tr 2 94.0 — —_
2 4.9
Chlordane (2% dust) 1.0 i 73.1 4 66,0
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e) Toxicity, BHC, other chlorinated hydrocarbons, for Melanoplus femur-rubrum nymphs; field plot tests on 3266
alfalia plantings:
Insecticide Rate Actual Insects Caged On Plots Insects Caged On Plots
- Toxicant Before Treatment 30 Min After Treatment
(lbs/acre) {days) (% Kill} (days) (% Kill)
5 83.5
Chlordane (2% dust) 1.0 2 98.1 7 93.2
" " 0.5 1 32.5 2 8.5
" " " 2 62.5 7 36.6
1 1" it 4 66.3 — —_—
Toxaphene (2% dust) 1.0 4 73.1 5 19.7
v-BHC (5,75% wet. pwdr) 0.173 - - 7 31.1
Chlordane (50% wet. pwdr.) 1,0 - - 7 311
2 8.2
Toxaphene (25% wet, pwdr.) 3.0 - - 4 78.1
" ft 1" —_— —— 5 83.6
" " 1 — —_— 7 91.8
BHC (10% ) 20% + xylene 70%} 0.075 2 40 5 5.2
+ Atlox 10454 10% w/w " 3 72,3 - -
" " " 5 80 _— —
" " 0.15 2 54.9 5 13.5
" 11 1 3 71.4 — —
it 1" " 5 78.0 —_ —
" " 0.3 1 100 ] 7.4
BHC (10% 7) 20% + dioxane 70% +}
Atlox 1045A 10% w/w 0.3 1 100 6 23.3
Chlordane 62% + xylene 33% + Atlox} .5 5 59.8 5 42
5% " 1.0 i 62.9 6 78.8
" n " 2 95.9 — —_—
Toxaphene 50% emulsion w/w 3.0 1 62 3 22.2
4 31.1
" " " 2 92 6 61.1
Control ki 2.2 - -
i) Effectiveness of BHC and other insecticides applied as dusts vs, various cotton plant insects. 1661
Insecticide Concentration Dosage % Mortality After
(% active {Ibs/acre) 1 day 3 days 5 days
ingredient) Boll Weevil (Adult)
BHC 10 32 34 86 95
" " 16 25 73 88
" " 8 20 64 79
Calcium arsenate 8 6 35 70
Cotton Leafworm (3rd Instar)
BHC 10 32 83 100 100
" " 16 80 99 100
" " 8 56 96 98
" 5 8 14 65 73
" 2.5 8 4 40 44
i 1.25 8 5 28 35
Calcium arsenate 8 32 83 96
Bollworm (3rd Instar)
BHC 10 32 14 58 70
" " 16 11 31 39
" " 8 6 29 32
DDT-pyrophyllite 5 16 26 8h 97
Calcium arsenate 16 i9 64 85
Tarnished Plant Bug (Adult)
BHC 10 32 100 100 100
" b 8 100 100 100
" 2.5 8 69 100 100
" 1.25 8 71 100 100
" 0.62 8 62 85 92
DDT-suliur 4.6 (DDT) 5 100 100 100
Tarnished Plant Bug (Nymphs)
BHC 5 16 45 100 100
" 1.26 16 23 85 100
Southern Green Stinkbug (Adult)
BHC 10 32 48 64 68
" b 16 23 59 59
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Concentration
(% active
ingredient)

10
10

10

"

"

10

10

H

tr

1o

Dosage % Mortality After

(ibs/acre) 1 day 3 days 5 days

Southern Green Stinkbug (Adult)

8 16 38 47

10 ki 37 63
Southern Green Stinkbug (2nd Instar)

32 71 90 95

16 28 66 86

8 19 73 88

16 17 100 100
Southern Green Stinkbug (5th Instar)

32 9 14 14

16 12 23 31

8 4 4 4

16 0 0 13

ecticides vs Blattella germanica. Application: As dusts; 80-150 insects/ 2357

te 48 hrs after no additional dead or moribund individuals were present:

Insecticide Roaches Dusted Container Dusted
at yg/cm® Av. % Killed, Conc. at yg/cm®  Av. § Killed,
T Moribund I Moribund
BHC (5% +} 0.5 28.7 0.1% » 0.125 7.0
" " 0.75 45,3 " 0.25 69,7
" " 1.0 92,5 " 0.5 98.7
DDT (10% dust) 15.0 50.0 0.5% dust 2.0 30.0
" " 20.0 64.3 " 2.5 46.0
" " 20,5 §0.0 " 3.0 74.3
Chlordane (5% dust) 1.0 3.1 0.5% dust 0.25 14,3
" " 2.0 52.5 " 0.5 35.2
" " 3.0 87.0 " .75 90.0
Sodium fluoride (25%) 104,19 24.0 30 39.0
" " {pure} 148.8 57.3 40 91,0
" " (" 223.2 70.0 50 95.0

h} Toxicity of BHC and

Insecticide
BHC

Chlordane

DDT

BHC
Chiordane
DDT

Toxaphene

i) Comparison of toxicity of BHC
domestica and Atdes aegypti a

other insecticides vs,
mg/1000cm” (930cm® =1 1t*), Deposits ma

*MED measured as the minimum deposit pr

Blattella germanica. As Minimum Effective Deposit* in 1367

MED (mg/1000cm®)

0.1-0.5
¢.5-1,0

10,0-25.0

Minimum Exposure Time For

Maximum Paralysis

10 min at 0,5 mg/1000cm?

12-20 min at 1 mg/1000cm®

1 hr at 25 mg/1000cm?

>1hr

de by evaporation from acetone solutions on glass surface.
oducing maximum degree of paralysis:

Remarks 1367
Little difference in rate of paralysis between ,5-3.5
mg/1000cm?,
Little difference in paralysis between 1.0, 5.0, 10.0
mg/1000 ¢m?,

Little difference in paralysis between 25, 40,80 mg/1000cm>,

CO: anesthesia enhanced paralysis as compared with
free running exposures,

Mobility and immobility on treated surface gave no
significant difference,

Mobility and immobility on treated surface gave no
significant difference.

(y-isomer) and several chlorinated hydrocarbon insecticides vs. Musca 1094
S sprays and residues:

(1} Sprays

Insecticide % KDy Min At % Kill Tn 24 Hre At LCg

0,25% 0.5% 1% 2% 5% 0.25% 0.5% 1% 2% 5% (%)
_“ For A&des aegypti (adult)

v=BHC 3 18 37 91 99 74 95 99 99 100 0.4

DDT 0 3 1 4 22 34 88 88 97 100 1.0

Chlordane 0 0.3 1 1 15 17 23 35 20 99 2.96

Toxaphene 0 0.1 0.1 0.2 2 16 21 27 42 72 29,28

For Musca domestica (adult)

v-BHC 54 76 95 99 100 23 99 100 100 100 17

DDT 0 10 9 56 71 34 85 84 98 59 1.01

Chlordane 0 0 0 0 8 54 66 87 99 100 .88

Toxaphene 0 0 0 0.4 10 11 14 41 59 94 4,89
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(2) Residues

Insecticide 9 Mortality (24 hr) after 2 Hr Exposure To Residues At 10 mg/t’
Age of Residue
1 week 4 weecks B weeks
A.aegypti M. domestica A.aegypti M. domestica A.aegypti M. domestica
BHC (tech.) 100 63 49 16 33 21
Chlordane 99 94 47 59 24 66
DDT 99 73 46 50 56 36
Toxaphene 41 8 14 1 20 0
(3) Number of weeks during which stated deposits (mg/ fi*) retained ability to produce 90% kill or KD:
Insecticide Deposit (mg/ft*)
B0 Jloo. 200, AR, 50, “Too, 200, 400,
kiii XD Kill KD Kill KD Kill KD Kill KD Kill KD Kill KD Kill KD
Musca domestica Aédes aegypti

BHC f(tech.) 0 1 O 1 9 8 9 12 8 4 9 8 9 8 24 20
Chlerdane 9 1 13 1 28 1 36+ 1 13 1 13 1 28 8 32 20
pDT 36+ 36+ 36+ 36+ 36+ 3B+ 36+ 36+ 36+ 20 36+ 20 36+ 24 36+ 36+
Toxaphene 0 1 9 1 24 1 28 1 5 0 9 0 36+ 1 36+ 1
(4) % Mortality in 24 hours after 2 hour exposures on surfaces holding the stated deposits in mg/ft*; 1094

Anopheles quadrimaculatus = I; ABdes aegypti =II:

Deposits In mg/it*

Insecticide 50 100 200 400
% Mortality
1 I 1 o 1S I L o
BHC (tech) 7 8 5 12 12 18 54 33
Chlordane 25 25 48 20 66 42 96 81
DDT 85 92 96 895 98 100 100 100
Toxaphene 21 11 31 20 a3 51 08 84
j} Persistence (residual effect), in soil, of BHC (y-isomer) measured against Anomala orientalis, and 2726
compared with DDT:
Insecticide Dosage % Mortality After
{lbs/acre) Immediately 5 months 8 months 19 months 23 months 26 months
After
Treatment
v-BHC 0,75 44,2 - - —_ - -
1,5 36.8 - - — - -
3.0 69.5 - -— — —_ —
4.5 98.0 - - 71.5 - -
7.5 100 - - 92,0 —_ -
12.0 100 - - 99 - -
15,0 100 - - 100 - -
30.0 100 - - 100 - -
60,0 100 - - 100 - -
DDT 25.0 21 —_ 86,1 - - 40
50,0 100 — 95.6 - — 50
100.0 100 - 97.9 —_ - 75.3
25.0 - 83,7 - - 45.8 -
50.0 - 85.1 - - 59.5 -

Comparison of effectiveness of BHC and other insecticides vs, Melolontha melolontha: {For M, melolontha 3184
DDT is ineffective.)
Insecticide By Contact Relative Toxicity At
IDx5 days (pg/insect) LDe 5 days LDs LDy
BHC (tech} 0.7 2.5 1 1
Dieldrin 1.6 5 0.4 0.5
Aldrin 2.7 >6 0.25 <0.4
Chlordane 9 20 0.08 0.12
Toxaphene ca¥ ca2( ca(.1 ca0.12
Comparative toxicities of BHC and other insecticides vs. 1st and 2nd instar nymphs of Melanoplus. 1102

differentialis. Used as contact emulsion sprays prepared from miscible oil concentrates:
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Insecticide LDy (Ios/acre) 1102
BHC 0,04
Dieldrin 0.03
Aldrin 0,04
Parathion 0.05
Lindane (y-BHC) 0.08
Chlordane 49
Toxaphene 91
BHC and other insecticides in the control of Psylla pyri. As autumn sprays vs, the last larvae of the 2275
season and hibernating adults {and incidentally, aphid sexual stages), Entomophagous and predatory insects
unharmed. Treatment applied in 1st half of October by motor spraying at a pressure of 12k/cm®. Con-
ditions: France at Versailles,
insecticide Dilution% Coefficient Of Efficacity
BHC (12% y) 0.3 98.7
White summer oil 1.5 14.9
" " " + nicotine 11.5% 0.75 31.9
" " "+ rotenone 0.9% 1.0 56.6
DDT (emulsion 20% active ingredients) 0.5 27.7
SPC (emulsion 20% active ingredients) 0.35 74,1
TEPP (13% active ingredients) 0.15 12.8
Parathion {(emulsion 3% active) 0.75 100
" ( " 4% " ) 0.35 99‘7
" {1.5% active + white oil) 1.0 96.1
" {suspension 3% active) 0.35 100
BHC and other insecticides compared by field tests (corn fields) in the control of Sphenarjum purpurascens: 307
Insecticide = Concentration Active % Mortality After
Ingredients 12 hours 24 hours
(Ybs/acre}
BHC 1% dust 0.36 86.6 (78-92) 94,2 (90-97)
" 2.5% " 0.85 93 (89-98) 97  (93-100)
Dieldrin i% .35 74.2 (68-80) 98.2 (96-100)
" 2.5% 0.88 89.8 (87-93) 99.8 (99-100)
Aldrin 1% v 0.32 77.8 (69-88) 97.8 (95-100)
" 2.5% " 0.82 88.6 (83-986) 99,6 (99-100)
Isodrin 0.5% Spray 0.43 83,2 (81-92) 91.4 (80-86)
Parathion 0.5% dust 0.18 43.6 (36-51) 69.4 (61-80)
" 1.0% 0.35 66.8 (59-80) 76 (69-84)
Toxaphene 5% 1.74 26,8 (18-36) 53 (46-60)
' 10% 3.6 40.4 (36-47) 61.4 (55-69)
Chlordane 2.5% " 0.95 32 (27-39) 46,6 (41-54)
" 5% 1.8 49.6 (33-62) 63.8 (50-1T)
Endrin 0.5% spray 0.36 32.8 (24-40) 47.6 (43-59)
Comparative toxicity of some chlorinated hydrocarbons for Anthonomus grandis; 2276
Insecticide Food Plant Dusted Insect Dusted Fumigant Action
{combined contact, stomach (contact action) 1Cs5 (mg active ingredient
toxicity) LDy (% active per liter)
LDso (% active ingredient ingredientas
as Ibs/acre) lbs/acre)
BHC (tech.) 1.0 3.7 47.6; 59.2
" — - 467.3
" - - 1213,0
" - - 233.5
" - - 7178.2
Dieldrin 0.9 2.7 16.6
Aldrin 1.1 6.6 12,9
Chiordane 10.1 -_ 21.9
Toxaphene 6.4 - -
DDT 8.1 -_ —_
1,1-Bis(p-chlorophenyl)-2 -nitro- - - -
propane (tech.) 11.4 - -
1,1-Bis{p-chlorophenyl)-2-nitro- - - -
butane (tech.} 16,7 - -—
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p} BHC and other insecticides in the control of ¢
successive years, Field tests. Pieris rapae
of insecticides as dusts.
1= 16.4, 11 =18,6.

q)

Insecticide

y-BHC
y-BHC
bDT

"

AL

DDD
Methoxychlor
Chiordane
Toxaphene
Rotenone
Ryania

"

Sabadilla (seed)

Pyrethrum
Pb arsenate
Ca arsenate

Zn fluorarsenate

2-Mercapto-6-

pitrobenzothiazole

BHC and other insecticides

Lahoratory and field evaluations:

Insecticide

BHC (1%) tech.
v-BHC (1%}
Aldrin (1%}

Bayer L 13/59 (0.1%)

Chlordane (1%}

Chlorobenzilate (1%)

DDT (1%)
CS-708 (1%)
Diazinon (1%)
Dieldrin (1%}
Heptachlor {1%)

Lethane 384 (1%)

Malathion (1%)
Metacide (1%)

Methoxychlor (2%)

NPD (1%)
Parathion (1%)
Strobane (1%)
TEPP (.5%)
Toxaphene {1%)

Borax {saturated)
Boric acid {.63%)
Copper sulfate (2%)

Formalin (2%)
Cryolite (1%)

Sodium fluoride (2.5%)

Rotenone (1.3%)

13. BENZENE HEXACHLORIDE

Difference for significance: At 5% level yr

Concentration Of Year I
Dust {%) % Control
0.38. 84,2
1 -
i -
2 87.5
3 88.9
3 _
3 _
3 —
3 -
0.75 85.8
30 83.1
40 -
10 84.5
20 78.6
20 7.6
20 -
20 26
10 3.8

Laboratory Tests
{% down or dead in)

30 min 1hr
43 76
3 6
20 6
54,5 568.5
10 20
0 ¢
30 44
13 20
23 36
20 66
6 48
0 0
43 56
23 23
23 20
36 40
13 13
10 36
53 56
40 36
0 0
3 3
0 0
16 16
4] 0
0 0
0 0

10YBHC vs. beneficial and useful insects:

2) Use of BHC on cotton has enhanced

has enhanced Paratetranychus citri infestation

insect predators, -

b) Effect of BHC on the honeybee, Apis mellife

(1) Dusting inside of hives of Apis
complete mortality in 10 hrs. T
with subsequent gradual disappearance

oz. of BHC tr

24 hrs

100
100
100
100
100
80
98
80
90
100
100
0
93
100
93
20
90
96
100
100
33
50
36
30
¢
66
50

ra, and other bees:
Tndica with 1% BHC gave complete mortality in 6 days; 6% dust gave
cated honey (0.05% BHC) gave 24% mortality in 8 days
from the hive of the remaining bees.

abbage caterpillars, Pieris rapae and
predominant in year I,

Trichoplusia ni in 2

796

Trichoplusia ni in year II. Application

Year 11

% Control

62.7
BL.9
87.5
87.6
87.0
60.9
72.6
80.8
35.5

46,0

0

¢

as baits in sugar and molasses solutions to control flies (Musca domestica).

Field Tests (Degree

Of Control)

unsatisfactory

excellent
unsatisfactory
fair

excellent
unsatisfactory

excellent

unsatisfactory

unsatisfactory

infestations of phytophagous mites (Tetranychus spp.) and on citrus
by destroying or thinning out fhopulations’ of beneficial

T= 11.4, yr Il = 14.0, at 1% level,

1915

353

535,3247
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(2) Concentrations of y=-BHC and DDT in commercial sprays required to give 20, 50 and 95% mortality of
Apis mellifera by contact poisoning: As g dispersible powder/100cc H0,

LCs ICs LCqs
BHC (P530 spray) 00089 0014 0032
DDT (Guesarol E spray) .1 .16 .39

(3) % Mortality on 1st and 5th days of Apis mellifera workers exposed to y-BHC and DDT spray films on

glass cage walls, Films derived from commercial preparations:

Concentration % Mortality On
Spray (%) 1st day 5th day
BHC, P530 spray (as y-BHC) 0.0065 100 -
0.0032 100 —
0.0016 30 33
0.0004 3 10
control - 0 3
DDT, Guesarol E spray 1.0 100 —
0.5 93 100
0.2 37 67
0.1 13 an
control - 5 15
{4) As stomach poisons: ¥-BHC and other insecticides, as suspensions in suitable media:
Substance Lethal Dose {mg x 10~% /bee)
To Give Mortality Of
2% 0% 5%
yY-BHC (3rd day) .03 .08 .54
DpT (¢ ") 5.4 9.1 25.0
Lead arsenate (3rd day) 32.0 86,0 610.0
" " {5th day) 6.1 20,0 210.0

{5} % Mortality of adult Apis mellifera on the day following exposure to blooms of plants sprayed with
BHC and DDT:

% Kill On
Treatment % Active Agent Apple Cineraria sp. Michaelmas daisy
DDT, Guesarol E spray 1 0 - 4
" " 1 " -5 —_ 0 4
" ™ 1" " .2 — 0 —
" Guesarol dust 5 g — -
BHC, P530 spray (as y-BHC) .1 100 100 100
" " " " .052 52 69 80
1a3 " 1t " .039 —_ — 70
" " L1 n .026 0 0 100
" " ™ "t '012 — 9 —_
1 1t " " .0065 — 0 —
BHC, PP flea beetle dust .2 - - 100
controi 0 0 0

{6) Speed of toxic action of BHC vs. Apis mellifera workers. Length of time after treaiment before ap-
pearance of slightly affected and moribund individuals:

Min., For Min. For Min. For
% y-Isomer Slightly affected Moribund 100% Kill
BHC (P530 spray)} .21 15 30 180
" " " 1 45 1056 195
" " " .(052 60 135 -
" " " 039 75 150 -
" " " .026 795 180 -
BHC (PP {lea beetle dust) 2 60 135 -
()% Mortality of Apis mellifera adult workers caused by 1-4 day old films of BHC (P350 spray) on open blossoms:
Days After Apple Michaelmas Daisy
Spraying 10%-v-BHC .052% v-BHC 0.052% y-BHC
% Mortality
treated control treated control treated control
0 100 0 63 0 79 15
1 57 0 64 0 57 15
2 - -— 44 0 40 5
3 33 0 — — 27 0
4 - - 18 0 3 10
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{8) Under field conditions Apis mellifera workers may be killed by contact of ca 1 minute with open BHC-
tieated flowers. Returns of marked bees to BHC-treated plots, over a pericd of days, was always
significantly less than that of controls.

{2) BHC is highly toxic (DDT relaiively non-toxic) to Bombus pratorum, Andrena spp., Osmia rufa
(bumble bees), In Bombus terrestris and B, agrorum the susceptibility of workers to BHC is com-
parable to that of Apis mellifera; queens and drones are more resistant to BHC than workers
{resistance to DDT is very marked).

(b) The foregoing fact is important since in spring, when fruit blossom is sprayed, the working Bombus
“‘population’’ is represented almost wholly by queens essential for the maintenance of the species.

fc) BHC, on open blossom, appears to have no repellency for bees.

{(d) The speed of toxic action of BHC does not prevent return of exposed individuals to the hive, with
consequent danger to other bees in the hive {(nurse bees particularly) from contaminated pollen and
nectar.

{e) Bees from BHC affected colonies are said to become “furiously mean.” 3099

PHARMACOLOGY, BIOCHEMISTRY, SYMPTOMATOLOGY, BIOLOGICAL AND PHYSIOLOGICAL ACTIVITY;
INSECTS

1) Studies have been directed largely to the y-isomer on the general assumption that the principal activity of 846
BHC is due to this substance. The y-isomer is several 100 times more toxic to insects than the other isomers.

2) The toxic symptoms in insecis are essentially DDT-like but with a more rapid onset. This does not neces- 353
sarily indicate that the mechanism of action is identical for BHC and DDT. Both may be characterized as 2231
neurotoxic agents. 2538
a) The primary site of action appears to be the posterior nervous system. 3096

3) Symptoms of BHC poisoning in insects; physiological activity:
a)} In the desert locust Schisiocerca: 2458
(1) Prodromal phase: Abdomen raised. (2) Typical phase: Telescopic abdominal movements, abdomen
rubbed by hind legs. (3) Choreo-atoxic phase: Hyperexcitability to stimulus, attempts to fly, un-
coordinated movement. {4) Clonic phase: Tremors of legs, wings, mouth parts, abdomen distended.
(5) Paralytic phase: Progressive cessation of movement; insects may copulate before coma,
b} In Periplaneta americana: 2744
{t)Tremors followed by ataxia, convulsions, falling, finally passing into prostration, paralysis, death,
(Development of symptoms more rapid than with DDT but in other respects almost identical.)
¢) In Blattella germanica: 1441
{1)Dusted with y-isomer the insect shows: Excitement, tremors, convulsions, passing over to paralysis
in 20-40 minutes, with death in a few hours,
d) In Musca domestica: 353
(1) Rapid development of the convulsive phase followed by paralysis and death.
e) Effect on respiration:
(1)y-Isomer stimulates respiration (as does DDT) in Qryzaephilus surinamensis. 2040,2041
(2) Blattella germanica, injected with 1 pg v-isomers: Immediate increase in respiratory rate, O. uptake, 1441
after 60 minutes {in period of spasm and convulsion) reached 5 times the normal level. Topical ap-
plication by spraying yielded the same effects.
f) Other physiological effects:

{T)y-Isomer by injection in Periplaneta americana at 100 1/ g had slight effect on heartrate but gave 2421
irregularity of pulsation,
(2) Topical application of y-isomer to legs of Periplaneta americana: After ca 1 hour action potential 520

responses in bursts of 2-4 repetitive spikes may be recorded from the crural nerves at % second
intervals. May be distinguished from action potential responses to DDT.
(a)y-Isomer does not stimulate motor nerves in Periplaneta americana {(or in Calliphora erythrocephala) 285
but acts on the ganglia; an intact reflex arc is necessary for manifestation of characteristic tremors
and twitches.
{3)In Periplaneta americanza, prostrate from y-BHC poisoning, ventral nerve cord acetylcholine was in- 3096
creased from a normal 38 pg/cord to 57 z/cord. (DDT produced a like increase.)
g) Metabolism of BHC:
{1) Of a 0.3z dose by injection in Musca domestica, 23% was metabolized in 2 hours, 32% in 4 hours with 2415
no further destruction. In BHC resistant strains metabolism was more rapid.
(2) An anti-metabolite theory of action for the y-Isomer has been elaborated, and y-BHC is looked upon as 2848
a metabolic competitor of meso-inositol. Evidence in support of the theory is conflicting. 2188,
1817,411,1077,528,506,1004,2227,3087,846,2945

h) Cytological effects:
{1) Accumulation and clumping,of lipoid globules in fat cells and ganglia. Nucleolar changes in cell nuclei 2044
of the hypodermis.
i) Entry of BHC in the insect body:

{1) Passage across the intact integument of insects is manifested by the intense confact toxicity of BHC 2744
and by close agreement between the LDg in topical and injection application in some insects. 846
(a) In Periplaneta americana LDg topical = bug/g, injection = 4pg/g.

(b) Attribution of toxic effects to the y-igsomer rests on much evidence similar to the following: LD& 846

(by intra-abdominal injection) for Periplaneta americana = 17 ug/g while 85ug/g a-, 8~ isomers, by
the same route and in a dosage close to their solubility limits, have no effect.




13. BENZENE HEXACHLORIDE 73
(2) Penetration of BHC isomers through the cuticle of Sitophilus granarius (absorption by contact with 114
residues on paper in exposures of 7-12 hrs) appears to be proportional fo their solubility in cuticular
wax. The y-isomer enters in a given time in far the greater amount.
(a) Solubility in g/100g in cuticular wax: a = 1.7, 8 =.4, y =8.7, 6 =14.8.
{b) Amount appearing in insect after 7-12 hr exposure to residues, 11ug/cm® on paper: In exterior wax:
e =12pg/g insect, 8 = ug/g insect, ¥ =60ug/g insect, 6 =102pg/g insect. In the insect interior: «=
4pg/g insect, 8 =4pg/g insect, y =43ug/g insect, & =8ug/g insect.
(3) Transport, once entry into the insect body has been gained, is principally via the circulating haemolymph, 295
and secondarily via nerve tissue.
(a} Elimination from the insect body is via the Malpighian tubules.
RESISTANCE DEVELOPED TQ BHG: (Also see the general treatment of resistance.)
1) Development of tolerance, on exposure to BHC, or as cross-tolerance in strains exposed to other chlorinated 352
hydrocarbon insecticides, has been noted in Musca, Blattella, Pediculus, Anopheles, Bophilus,
a) A stock of Museca, domestica, reared through 28 generations in a BAC contaminated laboratory, showed a 353
6% mortality on exposure to y-isomer concentrations which once produced 40% mortality in the ancestors
of the line,
b} Resistant stocks of Musca have been collected under field conditions from heavily treated sites. 353
SCREENING TESTS
1) Results of extensive screening tests of {ech. BHC and its individual isomers under various conditions, and
with various insects and related arthropods, may be found in Ref. 1801,
ECONOMIC CONTROL OF INSECTS WITH BHC: Reports of use against various insects.
1) Vs, Melanoplus spp., 95-88% control at 0.5 Ib/acre. 334,1531
2y " ", 98% control at 2,5 Ib/acre. 2028
3} Vs. Aphthona virescens, 100% control with 10% dusts in 12 hours, 873
4} Vs, Melanoplus spp., 100% kill with suspensions of a product containing 12% y-isomer. 1242
5) Vs. Nezara viridula. 1099
8) Vs. Euschistus tristigmus, 3368
7) Vs. Anasa tristis. 3222
8) Vs, Oncopeltus fasciatus. 356
9} Vs. Lygus obkineatus; relatively ineffective,* 515
10) vs. Cotton Mirids. 74
11} Vs, Psaliug geriatus, 10% BHC dust controls. 2438
12) Vs. Rhipicephalus appendiculatus, 3330
13) Vs. Ornithodorus moubatsq, 2514
14} Vs, Ornithodorus megnini. 2841
i5) Vs. Lasius americanus, 0.3% suspension on turf — 60% control. 1780
16) Vs. Damalinia bovis, . canis 1% dusts — complete control. 3066,2980
17) Vs. Haematopinus eurysternus 0,3% suspension, as a dip, controls, 1084
18) Vs. Linognathus setosus. 2080
18) Vs. A#des taeniorhynchus, 0,2-0.4 Ib/acre tech BHC (12%y) controls DDT resistant strains, 1802
20) Vs, Mosquitoes; on clay walls may be superior to DDT, 671
21) Vs. Lucilia cuprina, 2804
22) Vs, Hypodermia bovis and H. lineatum, effective as salves, not as sprays. 1086
23) Vs. Gastrophilus spp (larvae), ineffective.* 2980
24) Vs, Sitophilus oryzae and Rhizopertha dominica, highly effective but taints products. 1129
25) Vs, Tenebrio and Ephestia larvae: Resistant to BHC. 353
26) Vs. Philaenus leucophthalmus. 2465511
27) Vs, Tomaspis sacchatina and T. flavilatera. 1673,2503
28) Vs, Empoasca fabae: Ineffective* 3016
29) Vs, Psylla pyricola: Not as effective as rotenone. T4
30) Vs. Aphids: Although superior to DDT, not the insecticide of choice. 353
31) Vs, Pseudococcus maritimus: Gives only 50-83% control. 2356
32) Vs, Taeniothrips spp, 2871,2554
33) Vs. Thrips tabaci. 2403,1555
34) Vs. Scirtothrips signipennis. 25905
35) Vs. Pieris rapae. 2457
36) Vs, Estigmene acraea: Ineffective,* 91
37) Vs. Anficarsia gemmatilis. 110,1873
38) Vs. Alabama argillacea, a1
39) Vs. Laphygma spp. 349
40) Vs, Cirphis unipuncta 300
41) Vs, Prodenia eridania. 3016
42} Vs, Tortrix pronubana: Does not give complete control, 2554
43) Vs. Polychrosis viteana: Ineffective.* 624
44) Vs. Laspeyresia nigricana: Ineffective.* 3315




74

45) Vs,
48) Vs,
47) Vs,
48) Vs.
49) Vs.
50) Vs,
51) Vs.
52) Vs.
53) Vs.
54) Vs,
55} Vs.
56) Vs,
57) Vs,
58) Vs.
59) Vs.
60} Vs.
61} Vs.
62) Vs.
63) Vs.
64) Vs.
65) Vs.
66) Vs.
67) Vs,
68} Vs,
89) Vs.
70) Vs,
71) Vs.
72} Vs.
73) Vs.
74) Vs.
75) Vs.
76} Vs.
77 Vs.
78) Vs.
79) Vs,
80) Vs.
81) Vs.
82) Vs.
83) Vs.
84) Vs.
85) Vs.
86) Vs,
87) Vs.
88) Vs.
89) Vs,
90) Vs.
1) Vs,
g2) Vs,
93} Vs,
94) Vs,
95) Vs.
96) Vs,
97) Vs.
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Carpocapsa pomonella: Inferior to DDT, taints fruit,
Diaphania hyalinata.

Phlyctaenia rubigallis.

Diatrea saccharalis.

Gnorimoschema operculella Ineffective.¥

Clysia ambiguella: Ineffective.®

Pectinophora gossypiella.

Thyridopteryx ephemeraeformis: Poor control,
Profenusa canadensisg.

Vespula and Polisies

Hylemyia brassicae and H. floralis

Psylla rosae, -

Apastrephia ludens: Inferior to others in control of.
Liriomyza orboni: Mediocre; gives up to 66% control enly.
Monarthropalpus buxi: Incomplete control with 0.3% spray.
Epilachna varivestis: Relatively ineffective.*

Tudius spp.: Control at 2 1b/acre.

Agriotes mancus: Control at1 Ib/acre and 0.25 Ib/acre.
wireworms: Control at 0.2 lbs/acre.

Ctenicera aereipennis desiructor.

Horistonotus uhleri,

Popillia japonica.

Melolontha vulgaris

Lepidoderma. spp.

Heteronychus sanctae-helenae

Leptinotarsa decemlineata

Epitrix cucumeris

Diabrotica melanocephala and D. duodecempunctata
Phytonomus spp., Apion spp.

Hylobius radicis.

Hypera meles,

Tychius_éﬁéus.

Sitona hispidula.

Hylastinus obscurus.

Cylas spp.

Pantomorus leucoloma.

Anthonomus grandis.

Anthonomus pomorum.

Anthonomus pyri: Ineffective.

Anthonomus gignatus: Inferior in effectiveness.
Conotrachelus nenuphar: Taints fruit,

Musca domestica.

Musca domestica larvae.,

Sarcoptes scabiei suis: Effective as 0.25 suspension sprays.

Sarcoptes scabiei and Chorioptis bovis of cattle: Effective as 0.6% sprays.

Demodex bovis: Effective as salves, but not as sprays.

Trombiculids, e,g, Futrombicula alfreddugesi as dusts at 2 lhs/acre.

Dermanyssus gallinae: Taints eggs.
BoBphilus annulatus, as 0.5% sprays.

Bobphilus decoloratus: Dips, and sprays 20 times as toxic as dusts.

Dermatobia hominis,
Amblyomma americana: As (.5% suspensions,
Dermacentor andersoni.

74,248,3263
2226

300

248

353

1104

2677

353

1360

832
3016,659
2378

42
1013,2145
2060
2403,323
2530
2470,1269
112

871

91
2403,2778,2776
3183,551,552
98
3218,3219
3016,1872
349
1262,1080,349,811
35

2813
2790
2790
2790

1313

561

248
335,74,91
1104

287

2143
2014,2859
602
2180,351,2179
353

353

353

353

140

2841
3294
1883
2528
1271
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BENZYL BENZOATE (Benzyl benzene carboxylate; Benzoic acid
benzyl ester}
8]

i
~CH0C- Molecular weight 212,24,

GENERAL [Refs.: 2221,2288,2231,900,1810,1771,3033,2919, 2852, 3287,406]

An effective pediculicide and scabicide in topical application for sarcoptic, follicular, demodectic manges of
man and animals. Useful and effective acaricide, as a clothing impregnant, against chiggers, Trombicula
spp. Toxic for some plant Acarina, for example Metatetranychus ulmi active stages, but not ovicidal, Phenyl
benzoate, a closely related compound, is toxic to Tetranychus bimaculatus.

PHYSICAL, CHEMICAL

Leaflet-like crystals, or an oily, colorless liquid of ethereal odor; m.p. 21°C; b.p. 323-324°C at 760 rmm Hg,
189-191°C at 16mmHg, 156°C at 4.5mmHg; d% 1.118; nf} 1.568; insoluble, or sparingly so, in water; volatile in
steam; soluble in alcchol, chloroform, ether, acetone, oils; insoluble in glycerol; sharp, burning taste.

Formulations: Numerous, for example:

a} May be used as such in solution at 20-25% concentration for Pediculus humanus, var, corporis, capitis,
Phthirius pubis; for Sarcoptes scabiei at ca. 25% concentration,

b} Compounded in an aromatized base as ““B-B-S,*

c} As a stable emulsion: ‘‘Benlo’ (benzylbenzoate 25% + benzylalcohol 2% + inert, non-aleoholic detergent
base).

d) “Benzamol-D*, (benzyl benzoate 15% + DDT 1% + benzocaine 2%)

e) ““Colebenz’’ {per 100cc: Benzyl benzoate 33.3¢cc, cocoanut oil soap 6,5g, isopropyl alcohol g.s.)

f) ““Topocide,” for use against head and body lice, crab lice, scabies mites, an agqueous emuision: Per

—r

100cc: 12.5g benzyl benzoate, 1g DDT, 2g benzocaine + polyoxalkalene derivatives of sorbitan monooleate,

““Tyroscabe:” Benzyl benzoate, benzocaine, alcohol, tyrothricin,
‘‘Vanzoate lotion:’’ 25% benzyl benzoate in a quick drying base.
““Zylate:’ Benzyl benzoate 36%, isopropyl alcohol 52%, inert 12%,

8
h

i

— T

TOXICOLOGICAL

1) Toxicity for higher animals

Animal Route Dose Dosage (ce/k)
Mouse or LDs 1.4
Rat or LDso 1.7
Guinea Pig or LDg 1.0
Rabbit or LDs 1.8

a) Repeated use on human skin may sensitize.

2} Toxicity for insects, Acarina:

Insect Route Dose Dosage Remarks
(ec/K)
Pediculus humanus corporis Topical LCs () 22.0  Direct spray in oil (innocuous) to give 0.36mg/em”.
Cimex lectularius Topical LCs (%) 75 " " o (P31) "o " "

a) Much less toxic, in terms of concentration (%) to give 50% mortality, than several (7) organic thiocyanates

Lethane 60, Lethane 384, bisethyl xanthogen, However, the lower aliphatic thiocyanates are highly toxic
and irritating to mammals,

Gives protection against chigger atiachment; the impregnated clothing remained fully effective after two
washings, partly effective after a 3rd washing. Related esters are effective vs, chiggers:

{1) Benzoic acid, phenyl ester

(2) Benzoic acid, 3, 5-dimethyl phenyl ester

(3)1,2,5,6-Tetrahydro-o-methyl benzoic acid

(4)1,2,5,6-Tetrahydro-o-methylbenzyl ester

{5} Benzoic acid, a ~methylbenzyl ester

(6) Benzoic acid, phenylethyl ester

(7) Benzoic acid, 2-chlorophenyl ester

b

—

75

2

1

2288

2288
2288

2288
2288
2288

2288
2288
2288

842
842
842
842

2221

414
413

414

2919
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¢) More effective repellent for fleas, {as a clothing impregnant,) than dimethyl phthalate, q.v., Indalone® q.v.,
Rutgers 612, q.v.

d) Excellent acavicide for trombiculid mites but not for plant feeding mites or insects. Highly useful vs.
Eutrombicula spp. (vectors of serub typhus) and chiggers.

e) As a 256% emulsion in one application can give up to 99% kills of Sarcoptes scabiei.

f) Inadequate at 5 Ibs/acre, to control Eutrombicula alireddugesi {=Trombicula irritans) and Acariscus
mansoni, in the field.

3) For screening test data see Ref. 1801.

15

BIS-(p-CHLOROPHENOXY |-METHANE {di-4-Chlorophenoxy) me-
thane; Oxythane; DCPM;
Neotran® ; K-1875.)

Cl O CH:0 Cl Molecular weight 269.1.

GENERAL [Refs. 1697,1696,900,117,1801,1605,2821,2706]

An acaricide, particularly effective against all stages of Paratetranychus citri and Metatetranychus ulmi

{= Paratetranychus pilosus); but of little insecticidal activity, Mites are quickly killed by Neotran® and it has
gome residual activity. Rather highly specific and not effective against many phytophagous Acarina. Persistent
effect of 7 days in greenhouse. For screening tests with various insects and other arthropods consult Ref. 1801.

PHYSICAL, CHEMICAL [ Refs. 353,2231,2290,900]

Solid; colorless; almost odorless; m.p. 67°-68°C; not soluble in water; soluble in some organic solvents: Slightly
soluble in alcohol, moderately soluble in benzene, carbon tetrachloride, readily soluble in ether, very soluble in
acetone; insoluble in petroleum oils; stable in water and alkalis; decomposed in strongly acid solution and by
boiling with dilute acid; compatible with the materials commonly employed in spraying; prepared as follows:

heat H
C1—©vONa+ClCHaCI ea 01-©-0-c-0-© ClL.
H

Formulations: Neotran® is a water-wettable powder contalning 46% of the active ingredient, bis-({p-chloro-
phenoxy)-methane, and is used at the rate of 1.25-2,5 Ibs/100 gallons of water.

TOXICOLOGICAL

1) Toxicity for higher animals:
a) Acute toxicity:

Animal Route Dose Dosage {(g/k) Remarks
Rat or 1Ds 5.8 (5.0-6.0)
Fish {Bluegill) Medium MLC({ca.) 0.1 ppm Few deaths.
Fish " Medium LC(ca.) 0.2 ppm Toxic.

b} Chronic toxicity:

{1YIn prolonged feeding experiments rats showed no ill effects or growth retardation on diets containing
1000 ppm and 3000 ppm bis-(p-chlorophenoxy)-methane, Slight liver enlargement at the 3000 ppm
dosage was noted.

{2) On diets containing 10,000 ppm, rats showed irregularities of growth; death of 3 of 5 test animals oc-
curred within 50 days. The dead animals showed fatty infiltration of the liver.

(3) May be considered of low toxicity for man and mammals, both in acute and chronic intoxication.

(a) Not irritating to nor absorbed by the skin. About gth as toxic as DDT,
¢) Hazard for wild life: None reported.

2023

3033
2019
2852

2933
2026
2026

2933

2933

2933
2833
129
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2) Phytotoxieity:
a) The phytotoxic potential of bis- (p-chlorophenoxy)-methane is relatively low; it may, however, produce 353
““russetting’’ of foliage in orchard trees {apple and pear varieties) and stunt the growth of some annual 129
plants. 2120
(1}0.05% suspensions produced no injury {although some ‘““russetting’’) in orchard trees; such succulent 353
plants as beans and tomatoes may show foliage stunting,

(2)25% miscible formulations, at concentrations of 1:800 in water, have produced no foliage or flower 353
injury on orchard trees or greenhouse plants,
(a) Higher concentrations do slight damage to peach and grape foliage and to Antirrhinum and Saint

Paulia.

(b} 1: 200 dilutions (of 25% miscible concentrate) may kill Boston and asparagus ferns.

(3) Not toxic to citrus plants even at concentrations of 4 1bs/100 gallons, sprayed at rate of 1500 gallons/ 1697
acre, with temperatures 95°F or higher on each of the 10 days after treatment.

3) Residues on treated vegetation.

a) Residues on citrus: 0.2-14 ppm, depending on dosage and weathering, 129

{1) Orange fruits: Washing, according to commercial procedure, reduces residues of 8.1 rpm to 1.6 ppm,
4} Toxicity for Acarina, insects.

a) Eifective to a degree far beyond DDT for certain Acarina. 353

b) Varies in degree of toxicity for diverse members of the Tetranychidae. 1697
{1)Closely related bis-(p-chlorophenoxy)-ethane is scarcely acaricidal at all, 2230

¢} As dosage per acre increases from 4 through 6,8,10,12 lbs, length of residual effectiveness and degree of 1697
control are enhanced.

(1) High temperature conditions markedly shorten period of residual effectiveness,

d) Vs. Paratetranychus:

(1) Paratetranychus citri, P, pilosus (=Metatetranychus ulmi} were effectively controlled by. 1697,1696,1605

{a) Effective as petroleum oil sprays with no difference between emulsions and wettable powders,

(b)8 oz and 1 1b/100 gals as preventive spray control P, pilosus on apple trees, (with some ‘‘russetting.””) 195

{c) Highly effective vs. P. pilosus and Septanychus schoeni mixed ““populations” on apple trees. 1605
(d) As effective as parathion vs. P. pilosus, 2373,2374
e} Vs. Septanychus: -
{1) Ineffective against Septanychus sp(?) on cotton plants, 1640
f) Vs. Tetranychus:
{1) Not effective for Tetranychus bimaculatus: 40 times less toxic for T. bimaculatus than for Paratetrany- 2831
chus citri. - T 2230
(2) Effective against all stages of T. bimaculatus at 1 1bs/10 gallons. 117
(3) Parathion-resistant strain of T. telarius is not resistant to DCPM. 1116
{4) Less effective than parathion against T. pacificus. 2373,2374
(5) On citrus effective vs. T. sexmaculatus and T. lewisi only under special and restricted conditions 1697
{underleaf spraying, Spring application) because of the nature of the habitat of these forms.
g) Vs, others:
{1) Unsatisfactory control of Bryobia praetiosa at rates of 1 1b/100 gal. 2 applications. 191
(2) Inneffective against Aceria sheldoni, 1697,1699
(3)Ineffective against Phyllocoptruta oleivora. 1697
h) Toxicity for various plant acarines:
Acarine Route Dose Dosage Remarks
Tetranychus bimaculatus (adult) Spray  LCs,g/100ce 0.62 Settling tower method;kill 2 days post 905
treatment.
T. bimaculatus {(larva) Spray  LCs,2/100cc 0.215 " " " " " 205
T, bimaculatus (egg) Spray  LCg,2/100cc 0.30 " " " " " 905
T. bimaculatus (adult) Spray  LCgm,g/100cc 5.0 + Mites on leaf surface opposite the treated 905
- surface.
T. bimaculatus Spray LCs,24hr (%)  >1.0 2230
ﬁaratetranychus citri Spray  LCg,24 hr, (%) 0.025 1% residues on orange still lethal after 2230
— 2 months.outdoor exposure,
(1) Residual toxicity of bis-(p-chlorophenoxy)-methane as Neotran® 40% wettable powder for Tetranychus 117

bimaculatus in greenhouse tests on Phaseolus coceinecus:

Formulation lbs/100 gal % Mortality At Stated Period Between Spraying
Active And Infestation of Plants With bimaculatus
Formulation Ingred. 1 day 3 days 7 days 10 days 14 days

Neotran® 2.5 1.0 86.9 85.4 93.3 55,0 15.7
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(2) Residual toxicity for Tetranychus bimaculatus; tested on Phaseolus coccineus, under greenhouse con- 117
ditions at 1 1b/100 gal (2.5 ib of 40% wettable powder (Neotran®); more than 1600 mites examined in
each test.

Days Between % Mortality After
Spraying And Infestation 7 days 14 days 21 days
1 78.6 86.9 84.7
2 66.9 76.5 66.7
3 68.5 85.4 81.2
4 75.0 88.1 73.1
5 73.9 8.0 61.7
6 81.9 83.4 48,6
7 77.1 93.3 46,7
10 63.6 55,0 43.6
14 i1.3 15,7 23.8
CONTROL 5.0 7.9 -

(2) Pronounced residual action; high mortality of all mite stages continuing for ca 1 week after spraying.
The large numbers of eggs deposited by mites before death on deposits 4-5 days old were almost
completely destroyed; on older deposits many eggs hatched and the young survived.
(3) Toxicity of bis- (p-chlorophenoxy)-methane compared with that of other substituted diphenoxy methanes: 2230

Compound 1Ce 24 hrs (%)
Paratetranychus citri Tetranychus bimacuilatus

Bis-(p-chlorophenoxy)-methane 0.025 >1,0
1,1-Bis-(p-chlorophenyl)-ethancl 0.1 0.035
Bis-(p-chlorophenyl)-methane 0.25 0.25
2-(p-Chlorophenyl)-1,1,1-trichloroethanel 0.2 0.4
p-{Chlorobenzyl)-p-chlorophenyl ether 0.13 -
Di-p-chlorophenyl ether 1.0 (= LCsr) -
p-Chlorophenyl-p-chlorobenzoate 1 -
Bis-(p-methylphenoxy)-methane 0.09 -
Bis-{p-bromophenoxy)-methane 0.1 (= LCys 48 hr) -
p-Chlorobenzyl-p-bromophenyl ether 0.9 —

{a) Order of acaricidal effectiveness in p,p’ substituents of bis-phenoxy-methane: Cl < Br </ CHa <

NO; < CHsO,

{4) Toxicity of some bis {substituted-phenoxy}-methanes for Tetranychus bimaculatus and Epilachna 1771

varivestis:

Oome ()
X X
Ring Substitution Minimum LDy 6 days {Ibs/100 gallons) For
@ Tetranychus bimaculatus Epilachna varivestis
Adult Egg Larva

unsubstituted 3.0 >3.0 >3.0
2-chloro- 2.0 3.0 >1.0
4-chloro- (Neotran®) 1.0 0.25 0.5
2,4-dichloro- >3.0 >1.0 >3.0
2.4 5-trichloro- >3.0 >1.0 >3.0
2,4,6-trichloro- 3.0 >3.0 >3.0
2.3,4,6-tetrachloro- >3.0 >3.0 >3.0
pentachloro- >3.0 >3.0 >3.0
4-bromo- >1.0 3.0 0.5
4-nitro- >2.0 — >2.0
2-sec.-butyl- 3.0 3.0 0.5
X-tert.-octyl >2.0 — >2.0
2-aliyl- 3.0 3.0 0.25
4-methoxy- >3.0 >3.0 1.6
2, 6-dimethoxy- >3.0 >>3.0 3.0
4-n-butoxy- >1.0 >1.0 >1.0
2-chloro, 6 methyl >2.0 >2.0 >3.0
2-chloro, 4-sec. butyl >1.0 >1.0 >1.0
4-chloro, 2-methyl >3.0 >3.0 >3.0
4.chloro, 2-sec, butyl >1.0 >1.0 >1,0
4-chloro, 2-allyl 6.5 >1.0 0.5
G6-chloro, 2-allyl 0,25 >1.0 0.25
2-allyl, 4-methyl 1.0 >1.0 >1.0
2-allyl, 4-methoxy 1.0 >1.0 0.12
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(8) Toxicity of bis-(p-chlorophenoxy)-methane for Metatetranychus ulmi (= Paratetranychus pilosus): 900
Concentration (% w/w} % Mortality 24 hrs,
Summer Eggs Adult ¢
0.1 57.8 87.8
0.1 - 91,8
0.025 28.9 56,2
0,025 —_ 53.1

16

2,2-BIS-(p-CHLOROPHENYL}-1,1-DICHLOROE THANE
(DDD; TDE; Dichlorodiphenyldichloroethane; Tetrachloro-
diphenylethane; Rhothane ® ; Me 1700 [I.G. Farbenindus-
trie A.G.].)
(Anaiogue of DDT, having 1 less Cl atom on the chain)

¥
Cl- G- -Cl Molecular weight 320,05
C
PN
Cl H C1
GENERAL (Also consult DDT, DFDT, Methoxychlor, Perthane ® )

[Refs. 1049,1933,2890,353,2231,2815,1059,757,129,2120,1801,3203,3150,2317,3162,647,1715 |

A compound observed as an impurity of technical DDT. In practice, DDD has proved to be an insecticide of real
value. Not as toxic as DDT for so wide a range of insects, but equal to DDT in toxicity for some insects, and
superior in toxicity for certain others; for example, mosquito larvae, leaf rollers such as Argyrotaenia citrana
and A, velutina, insects like the cornworm which have a well protected habitat, tomato and tobacco hornworms.
For mammals, less toxic than DDT by § to §, as a general approximation. ith - Ath as toxic as DDT, orally,
for rats; %th - %th as toxic as DDT for mice. Placed before the public under the same warning and pre-
cautionary labelling as is required for DDT.

PHYSICAL, CHEMICAL

Made by condensing monochlorobenzene and dichloroacetal {or dichloroacetaldehyde) in presence of sulfuric
acid, or by chlorination, at 25-30°C ( < 35°C), of ethanol, until the density of the lower layer is 1.29 at 20°C.
The lower layer substance is then condensed, as described above, with monochlorobenzene.

Pure: A crystalline, colorless solid; the technical substance (setting point 86°C) is, like DDT, a mixture of
isomers and related compounds with the o,p' -isomer predominant among the compounds other than p,p' -DDD.
The o,p'-isomer is present to 7-8%, and has an m.p. of 76°C; p,p'-DDD has an m.p, of 109-110°C; b.p. 185-193°C
specific gravity 1.385; low vapor pressure; odorless; almost tasteless; not inflammable; more slowly de-
chlorinated than DDT in alkalis and alkaline solutions yielding, under such conditions, 2,2-bis-{p-chiorophenyl)-
1-chloroethylene {m.p. 68°C). Less corrosive than DDT; insoluble in water; soluble in numerous organic
solvents to different degrees; for example, in olive oil 10g/100cc at 37°C, acetone, methylethyl ketone, 10g/100cc,
benzene 70g/100g, chlorobenzene 92g/100g, soluble in smaller quantity in many others; not decomposed by
ultra-violet radiation under circumstances in which DDT is broken down. In presence of ferric chloride at
300°C, 2 moles of HC1 are freed, yielding p,p'-dichlorotolane. The hydrolysis rate constant 10°k, liters/sec/
mole at 20°C = 567, at 37°C =4035. Compatible with most standard insecticides and acaricides save lime-
sulfur and Bordeaux mixture.

’

Formulated as: The technical product 100% (setting point 86°C): 50% wettable powders; 5-10% dusts; emulsifi-
able concentrates at 25% and 30% (solutions intended as household, livestock sprays}). Dust usually applied at
10-15 Ibs/acre; wettable powders as sprays of 1-3% concentration,

Being an analogue of DDT, with 1 less chlorine atom, DDD represents a product of cne of several trends in the
modification of DDT to give new analogues, in this case by subtraction, in others by addition, of chlorine atoms
at the ethane location of the DDT molecule. Other alterations comprise change in position of chlorines on
benzene rings, substitution of other halogens for chlorine, substitution of other than halogen radicals on the
benzene rings.



80 16. 2,2- BIS-{p-CHLOROPHENYL)-1,1-DICHLOROETHANE
Subtraction of chlorine from the 2-carbon of the ethane nucleus leads in general to decrease in insect toxicity in 2998
the following order: CCls (DDT} > CHClL: (DDD) > CH.C1 > CHs.
1) Comparative summary; hydrolysis, solubility, toxicity for lice, bed bugs, of DDD and related substances:; 3288,418
Compound LCs (conc. %) Hydrolysis Solubility w/v %at18°C})
- Lice Bed bugs (% After Olive oil  White oil
- 240 min)
DDD .8 1.20 33 10 1-2
p,p'-DDT 3 53 100 10 2-3
0,p-DDT (iso-DDT) 5.5 >20 13 25 10-14
Methoxychlor .8 .95 10 8-10 1-2
Dimethyldiphenytrichloroethane 1.9 3.6 8 18-20 6-8
Diphenyltrichloroethane 7.5 >20 10 25-30 10-12
Dichlorodiphenylethane 8.5 >20 — 30 25
Dichlorodiphenyldichlorethylene >20 >20 - 14-18 8-10
TOXICOLOGICAL
1) Acute toxicity, higher animals:
Animal Route Dose Dosage (mg/k) Remarks
Man EFD* 5000 * = Estimated Fatal Dose. 2221
Mouse or LD 2280 804
Rat or LD 3360 8017
Rat or (?YMLD approx. 300 Neurotoxic symptoms; death in 1-12 days. 2890
Rat or LDgs ca3400 1951
Rat or LD 2500 129
Rabbit ct LDz 4000 As single acute inunction. 1952
Goldfish Medium ICx» 0.9 ppm p,p' -DDT 0,06, o.p’'-DDT 1.0, methoxychlor
0.06. 1187
Goldfish Medium IC w0 2.0 p,p'-DDT 0.25, o,p'-DDT 4.0, methoxychlor
0.25. 1187
2) Chronic toxicity, higher animals:
a) Fed, at 100 ppm, to experimental animals in the diet for 2 year period: No gross effect. 1953
b} Fed to experimental animails in diet, at up to 3750 ppm: No marked adverse effects; fat storage as high as 1003
1290 mg/k. {Stored in fat and excreted in milk as with DDT) 128
¢) Rats, receiving DDD at 150 ppm for two years, stored 220 mg/k in the fat (similar dosage and ireatment 186
using DDT gave storage levels in fat of 2070 mg/k,)
d) Dermal applications to rabbits, in daily inunctions of 200-400 mg/k were tolerated. 1952
€) Among dogs, receiving in the diet 50-80 mg/k/day, 50% of the subjects survived after 21 months exposure. 2361
At autopsy: Liver damage namely: Atrophy, necrosis, cirrhosis, fatty degeneration. Marked atrophy of
the adrenal cortex.
£} Among chickens, receiving 100 ppm in the diet, some died within 30 days showing subcutaneous and 3067
pericardial vedema,
g) Among cows, pigs, horses, sheep, goats, sprayed many times with 1.5% emulsions, no adverse symptoms 407
appeared; calves, exposed to single sprayings of 8% emulsion, came to no harm.,
h) It has been generalized that the chronic texicity of DDD is ;gth that of DDT; gross effects in animals 1949
appear at dietary levels of 2500 ppm.
3) Effects on wildlife: Bobwhite Quail, receiving in diet for 6 weeks 250 ppm DDD, showed a mortality of 10%; 3223
similar treatment with DDT gave mortalities of 15-50%.
4) Generalizations on toxicity for higher animals:
a) For Rats: zrd as toxic by oral administration as DDT: Lih as toxic as DDT by dermal administration; 1323
less toxic than DDT by inhalation except in kerosene spray.
b) Slightly irritating to the skin. 2890,3203
¢} Comparative toxicity DDD and DDT, for all animals tested: Average foxicity. 1949
Insecticide Oral Cutaneous Pathology
acute Chronic Danger Threshold
LDgo(mg/k) “LDs’’ ppm (mg/k)}
DDD 2500 2500 2820 Adrenocortical.
DoDT 250 100 2820 Hepatic, cerebellar,
d} Less toxic for fish than DDT. 1187
5) Pharmacological, pharmacodynamical, physiological, eic,
a) The action of DDD, save for its distinctly lesser toxicity, appears in general to be closely similar to that
of DDT, Similar pathologies have been noted.
(1) It has been reported that acute intoxication with DDD induces lethargy with an absence of convulsions. 2221



18. 2,2-BIS-(p-CHLOROPHENYL)-1,1-DIC HLOROE THANE 81

{2) Among the pathological changes storage of DDD in the adrenal cortex with atrophy and reduced 2360,2361
adrenal function are notable and apparently almost unique to this chlorinated hydrocarbon 2380,363
insecticide, 2381,1922

(3) Recent work reveals a marked decrease in adrenocortical responsiveness to adrenocorticotropic hor- 556

mone in dogs receiving DDD as a 20% solution in corn oil at 100, 200 mg/k/day.

(a) The 17-hydroxycorticosteroid plasma levels fall from 20 to 0 pg/100cc,

(b) On discontinuance of DDD administration, normal responsiveness to ACTH gradually returned.

(c) Strikingly similar effects were noted in animals treated with DDD derivatives, namely: 2,2-bis-
(p-ethylphenyl)-1,1-dichloroethane, {(Perthane®) and 2-hydroxy -2,2-bis-(p-chlorophenyl)-1,1-di-
chloroethane (FW-152), Perthane® produced adrenocortical atrophy as did FW-152,

(4) Elimination of stored DDD from the fat of animals appears to take Place more readily than elimination 186
of stored DDT,

(5} In dogs and rats, DDD is excreted in feces, in small amount; none is found in the urine. The metabolic 1003
end-product is bis-{p-chlorophenyl) acetic acid, which shows up in greater amount than in DDT treated
animals,

(6) Hepatic pathology in dogs and pathological changes in chickens are noted above,

6) Phytotoxicity:

a} Not P yt_ofoxic at normally applied insecticidal levels except possibly to certain Cucurbitaceae. 129,2120,353
7) Residue hazards:

a) Not to be used on forage crops intended for dairy animals or animals to be used for meat, 129,1425

b) Not to be applied to edible crops later than 30 days before harvest, 129

8) Toxicity for insects:

Insect Route Dose Dosgage Remariks
Addes aegypti {larva) Medium LCw Q.01 ppm DDT, p,p' .81 ppm; o,p 0.4 ppm; Methoxychlor
0.07 ppm. 1187
Addes aegypti (larva) Medium LCupa 0,05 ppm DDT, p,p' .05 ppm; o,p' 5.0 rpm; Methoxychlor 0.2 ppm. 1187
A¥des aegypti {larva) Medium 1Cs 0.36 ppm 2158
Anopheles quadrimaculatas {larva) Medium ICxn 0.001 ppm DDT 0,002 ppm. 67
Anopheles quadrimaculatus {adult) & Topical LDsy 0.041 pg/insect Adults 4 days post-emergence. 2051
Anopheles quadrimaculatus (aduli) Topical LD, 0.1 pg/insect oo " " 2051
Anopheles guadrimaculatus {adult) & Topical LDy 0.088 g/insect oo " o 2051
Anopheles quadrimaculatus (aduit) 2 Topical LDy 0,22 pg/insect "o " " 2051
Apis mellifera (adult) or LDy 16.0 g/ bee DDT 4.6 ug; BHC (90%y) 0,15 chlordane 1,2 g, $10
Cimex lectularius Contact Spray LCs 1.2% Spray in white oil at 0.36 mg/cm’ 418
Musca domestica Topical (?) LDy 6.5 ugle 2094
Musca domestica (DDT non-R){adult} Contact LDy 24hr 0,13 pg/fly At 60°F; a ‘‘laboratory strain,” 371
Musca domestica {DDT non-R){adult) Contact LDy 0.1 g/ DDT 0.02 /g; a ‘‘laboratory strain.’ 180
Musca domestica (Bellflower, DDT-R) Contact LDwn - 60 pg/ily Bellflower DDT resistant strain, adult, 371
Musea domestica {(Bellflower, DET-R) Contact LD 20 ug/y DDT 10 pg/g: Bellflower DDT resistant strain, adult, 180
Musca domestica (Pollard, DDT-R) Contact LDg, >100 g/ fiy Pollard DDT resistant strain, adult. 371
Pediculus humanus corporis Contact Spray LCs 0.9% Spray in white oil at 0,36 mg/cm®. 418
Protoparce sexta (5th instar) Topical LD 2622 w/larva Large larva av. wgt. 5.4g (4.1-7.5¢g). 1306
Protoparce sexta {3rd, 4th instars) Topical LD 376 pg/larva Medium larva av. wgt, 2,5g (1.2-4.0g). 1308
Protoparce sexta (2Znd, 3rd instars) Topical LDy 37 g/larva Small larva av. wgt, 0.9g (0.6-1.1g). 1308
Protoparce sexta (5th instar) Topical LDso 9813 g/ larva Large larva av. wet. 5.4z (4.1-7.5g). 1366
Protoparce sexta (3rd, 4th instars) Topical LDso 2620 pg/larva Medium larva av. wgt. 2,5g (1.2-4.0g). 1306
Protoparce sexla (2nd, 3rd instars) Topical LDw 367 pg/larva Small larva av. wgt. 0.9¢g (0.8-1,1g), 1306
Protoparce sexta (5th instar) or LDy 878 pg/larva Large larva av. wgt. 3.4g (4,1-7,5¢). 1306
Protoparce sexta (2nd, 3rd instars) or LDg 22,5 jg/larva Small larva av, wgt. 0.9g (0.6-1.1g), 1306
Protoparce sexta (5th instar) or LDg 3192 po/iarva Large larva av. wgt. 5.4g (4,1-7.5g). 1306
Protoparce sexia (2nd 3rd instars) or LDgo Espeg/larva Small larva av. wgt. 0.9g (0,6-1,1¢g). 1306
Sitophilus granarius {adujt) Contact ICxw 4,53 x 10-" moles/ec Exposura 120 hr to deposits on paper from acetone
solutian. 2998
Sitophilus granarius {adult) Contact | F 0 169,1 x 10~% moles/ce Exposure 120 hr to deposits on paper (rom
acetone solution, 2998
Chaoborus astictopus (larva) Mediuvm CTC* 0.02 ppm * = Concentration To Contrel; no fish hazard. 2019
9) Comparative toxicities for insects, DDD and other insecticides:
a) Contact insecticides for Pediculus humanus corporis and Cimex lectularius, as sprays in white oil, 636
Insects treated by direct sprays at a deposit rate of 0.36 mg/cm®; 414
ECyso (%)
Insecticide Pedicuius Cimex
DDD 0,9 1.2
DDT 0.3 0.5
Methoxychlor 0.9 0.5
DFDT 1.4 5.0
Lindane 0.02 0.05
p-Chlorophenyl chloromethyl sulfone 0.1 0.2

Lethane 384 1.5 -
Lauryl thiocyanate 5.0 —
Lethane 60 8.1
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b)

o)

d)

e)

f)
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Toxicity of DDD, DDT, Methoxychlor for Aédes aegypti larvae and the fish Carassius auratus: 1187
Insecticide A, aegypii C. auratus
LCso (ppm) LC 00 (ppm) IC s (ppm} LC 100 (ppm)

DDD 0.01 0.05 0.9 2.0
p,p’ -DDT 0.01 0.05 0.06 0.25
o,p' -DDT 0.40 5.0 1.0 4.0
Methoxychlor 0.07 0.2 0.06 0.25
Comparative toxicities for Apis mellifera: 910
(1) DDD may be considered one of the less toxic chlorinated hydrocarbons for the honeybee.

Insecticide Oral LDy {ug/bee)
DDD 16.0
DDT 4,6
BHC (90% v-isomer) 0.15
Chlordane 1.2
DDD, and other insecticides, compared on the basis of speed of toxic action vs, Macrosiphum pisi on bean 520
plants treated by the dusting tower method. Dust diluent: Tale: -

Insecticide Dust conc (%) Temp (°F) Time To Achieve

50% Kill 98% Kiil
{hrs: min) {hr: min}
DDP 5 72 2:34 4:35
DDT 5 72 0:57 1:45
Methoxychlor 1o 75 2:1 5:34
Lindane 1 T2 0:56 1:54
Toxaphene 5 72 13:20 19:1
Chlordane 3 T2 9:24 18:8
Dieldrin 1 15 4:7 6:43
Aldrin 1 75 3:44 7:32
EPN 0.86 74 5:26 8:6
Parathion 1 70 1:8 1:43
Parathion 2 70 1:21 1:53
TEPP 0.18 74 0:20 0:56
Rotenone (5% other extractives 10%) 5 T2 0:47 1:23
Nicotine 1 72 0:15 1:12
Nicotine 3 72 0:12 0:50
Talc 100 67-72 13:28 23:51
Comparative effectiveness of DDD and other compounds vs. Periplaneta americana and Musca domestica. 267
Used as insecticide + urea-formaldehyde wall coatings at 50% insecticide (on dry weight of paint coating
basis) vs. Periplaneta and 20% insecticide (on dry weight basis) vs. Musca:
Insecticide P. americana Time For Musca Time For 50% KD (minutes)
50% KD 100% KD Tnitial After Specified Interval {weeks)
{hrs) {hrs) Interval
DDD >48 - 28 25 19
DDT 24 48 16 10 28
Lindane 1 1.5 13 16 6
Chlordane 15 18 60 41 ki
Toxaphene >48 - 48 35 12
Pyrethrum — - 18 2, 11, 23, 52 8, 14, 15, 17 days
Comparative toxicity DDD and other compounds. Topical application to Anopheles quadrimaculatus, 2051
4 day old adults, in ethanol solution:
Insecticide LDss( g/ insect) LDgo{ pg/insect) Relative Effectiveness Compared To DDT
{at LDgo) {at LDgo)
g £ g £ =l 2 il 2

p,p'-DDD 0,041 0.1 0.098 0.22 0.49 0.66 0,46 0,59
p,p' -DDT .020 .066 045 .13 1.0 1.0 1.0 1.0
Methoxychlor ({tech.) .035 .1 .078 .22 0.57 0.66 0,58 0.59
Chiordane .105 .24 .19 .46 0.19 0.28 0.24 .28
Dieldrin 009 .023 022 .048 2.2 2.9 2.0 2.7
Lindane .0085 011 032 042 2.4 6.0 1.4 3.1
Toxaphene .15 .29 .29 D 0.13 0.23 0.16 0,26
Malathion L0087 ,0095 019 .022 2.3 7.0 2.4 5.9
Allethrin L0029 008 013 .041 6.9 8.3 3.5 3.2
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g} Comparative toxicity DDD and other compounds for Protoparce sexta larvae. Topical and oral administra- 1306
tion; small larvae =0.9{.6-1.})g av. wgt. 2, 3rd instars, medium =2.5(1.2-4)g av, wgt, 3, 4th instars, large =
5.4(4.1-7.5)g av. wgt. 5th instar:

Topical {ug/larva) Oral (ug/larva)
Insecticide Size LDso LDg, LDgo LDgg
DDD Large 2622 9813 878 3,192
. Medium 376 2620 - -

" Small 37 367 22.5 58
DDT Large > 4000 - 4416 28,040

" Medium 2334 9887 - —

" Small 366 1342 158 1,125
Endrin Large 42 219 9.9 49
" Medium 2.9 6.3 - —

" Small 0.51 6.3 0.11 0.85
Parathion Large 52 183 15.7 54
" Medium 9.9 64 - —

" Smail 2.8 12.3 — -
Isodrin Large 87 490 15.3 138
" Medium 7.6 29 — -

" Small 3 56 1.1 3.1
Toxaphene Large 1363 5778 143 6,025
" Medium 32 138 - -

" Smalil 30 112 — -
Malathion Large 481 1276 355 1,621
" Medium 61 553 - -

" Small 23.6 92 — —
Dieldrin Large 482 2559 - —
Aldrin Large 487 . 1359 - —
Lindane Large 206 1235 209 398
Heptachlor Large 1058 4005 — -

h) Comparative control obtained in 2 successive years, using DDD and other compounds vs. cabbage cater- 786
pillars, Pieris rapae (predominant in 1946) Trichoplusia ni {predominant in 1947);
% Control Obtained In
Insecticide Conc, Dust (%) 1946 1947
DDD 3 - 8%7.0
DDT 1 - 81.9

" 2 87.5 87.5

" 3 88.9 87.6
Methoxychlor 3 - 60.9
Chlordane 3 - 72.6
Toxaphene 3 -— 80.8
Lindane 0.38 84.2 -

" 1 - 62.7
Rotenone 0.75 85.8 35.5
Ryania 30 83.1 -

" 40 — 46.0
Sabadilla seed 1® 84.5 -
Pyrethrum 20 78.6 -

Lead arsenate 20 77.6 -
Calcium arsenate 20 — 0
Zinc flucarsenate 20 26 -
2-Mercapto-6-nitrobenzothiazole 10 3.8 ¢
Least Significant Difference (5% level) 11.4 14.0
" " " (1% ') 16.4 18.6
i) Toxicity of DDD and other compounds. Topical application to Heliothis zea and Heliothis virescens, 6th 1124
instar larvae of 250-450 mg weight,in methylethylketone solution applied to the abdominal dorsum;
Toxicant LDso (ug/g) For
Heliothis zea Heliothis virescens
DDD 3000 17,000
Toxaphene 2000 18,000
DDT 3000 6,500
Endrin 17 180
Malathion 130 160
Dipterex ® 30 60
Bayer 17147 406 54

Shell O8-2046 4.8 4.8
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10) Pharmacological, pharmacedynamical, physiological; insects:
a) There seems no reason to believe that the mode of entrance and action of DDD in the insect body differs
markedly from that of DDT, in spite of various nuances and specificities connected with the insects
treated and the methods used. The theories of toxic action proposed for DDT apply.

353
2231

(1) Replacement by H of a single Cl of the trichloromethyl group of DDT to give DDD, brings about, in 415,2040

general, a decline in insect toxicity by 3ths to zi Nevertheless, in some cases, for example vs. 67,2975
Anopheles gquadrimaculatus, Protoparce sexta, Argyrotaenia velutinana, and A, citrana DDD is 418,231%
somewhat more potent than DDT. Progressive unchlorination of the ethane group leads to further 2337,2551
decline in inseet toxicity until (with the completely unchlorinated ethane) toxicity to insects is all 2998,1187
but lost, although acaricidal activity is high, The fumigant properties of DDD are reported to be 353,2230

inferior to those of DDT.

{2) As with DDT and methoxychlor, insect mortality with DDD is greater at lower than at higher tempera- 1561
tures; there is a negative temperature coefficient of action, This has been demonstrated for Musca 1305
domestica which, exposed to residual DDD deposits at 70°F and 90°F, showed higher mortalities at the 1559
lower temperature, The same effect has been demonstrated for other insects using various routes of
application.

(3) Application of DDD {dusts), as in the case of DDT, methoxychlor, and other DDT derivatives to 2041
Oryzaephilus surinamensis in toxic concentrations brings on sharp increase in Op consumption. The
sffect does not tollow sub-lethal dosages. Total 0. uptake of control and treated insects did not sig-
nificantly differ under starvation conditions.

{4) At concentrations of 10-*M, DDD (and other chlorinated hydrocarbons) was found in vitro to produce 23056
total inhibition of & Periplaneta americana coxal muscle cytochrome-c-oxidase; at 10-"Ma slight
transient stimulation was noted. The inhibition with DDD was rapid (in the case of PDT the onset of
inhibition was slow).

(5) The site of action of DDD (as of DDT) appears to be on the neuromuscular system. DDD, applied to the 1901
leg of Periplaneta americana, produced trains of repetitive discharge, observable on the oscillograph
beginning at 1 hour after application (more rapidly than with DDT, and at a lower voltage than with
either DDT or methoxychior).

(6) The characteristic action (on the nerve axon of Periplaneta americana) of DDT was imitated closely by 3278
DDD (and other analogues). This comprised: Mulfiplication of the nerve impulse into a prolonged 1226
burst of impulses which resulted in tetanic contraction of the muscle served by the nerve axon. Dura-
tion of the impulse train was found to be directly proporticnal to concentration. In severe intoxication,
spontaneous trains of impulses occurred periodically without external stimulus,

b) Metabolism of DDD by insects:

{1) By Argyrotaenia velutinana (for which DDD is more toxic than DDT, although both pass into the cuticle 2975
at similar rates) DDD is less readily dehydrochlorinated than DDT and may be recovered from the
insect tissues.

(2) By Epilachna varivestis {for which DDD is non-effective) rapid metabolism of PDD} occurs, with pro- 2975
ducfion of 2,2-bis-{p-chlorophenyl)-chloroethylene and further degradation to unknown compounds.

¢) Resistance (“‘acquired’’), of insects to DDD:

{1)In certain strains of DDT-R Musca (products of selection in presence of the insecticide) a parallel 180
resistance to DDD is noted, For example the Bellflower strain, derived from the Ellenville wild strain, 371
has a contact LDs for DDT of 20us/g (as contrasted with 0.02pg/g in the laboratory strain of origin); 2231
for DDD the LD {contact) of the Bellflower strain is 20ug/g (for the DDT-nonR laboratory strain of
origin 0.1pg/g). The same phenomenon of parallel DDT and DDD resistance was shown by the Pollard
strain (DDT-R}.

11) DDD in the economic control of insects; field experiences:
a) For the residual treatment of walls to control mosquitoes the ogder of effectiveness of DDD and others: 2466

DDT > methoxychlor > methyl-DDT > DDD > DFDT.

b} Vs, Simulium spp: As effective as DDT; superior to chlordane, toxaphene, lindane, BHC. 1192

¢) Gnats were controlled by 0.014 ppm of DDD emulsion without harmful effects upon fish and ““fish food 2014
organisms.’’

d) Chaoborus, and chironimid larvae were controlled in 35 days by application of 0.013 ppm DDD. (These 2014
organisms form 10-20% of certain fish diets)

e) As direct sprays for cattle, effective in control of Siphona irrvitans. 788,2183

f) Vs. Melophagus ovinus: Although inferior to BHC, toxaphene, chlordane and methoxychlor, 0.2% suspen- 338
sions (as dips or sprays for lambs) gave 4 month long control.

g) For tortricids {Argyrotaenia spp.): Superior to DDT in control. 353

h) Vs. Halticus bracteatus: DDD yielded good results. 3279

i} Vs. Erythroneura comes and Dykraneura sp: DDD aerosols gave contrel and proved less hazardous but 353
less persistent in effect than DDT.

j} Vs. Protoparce sexta and P, quinquemaculata: 10% dusts are more effective than cryolite. 821

k) Vs, Estigmene acraea: Ineffecfive, 91

1} Vs, Cirphis, Prodenia, Laphygma (armyworms): Equal in effect compared to DDT in control when used 1572
as a dust.

m) Vs. Heliothis armigera: As a 0.25% suspension spray proved superior to DDT and Ryania in control. 1875

n) Vs. Argyrotaenia citrana: 0.2% solutions gave 99% control. Superior to other chlorinated hydrocarbons, 2704
cryolite and parathion.

o) Vs. Grapholitha molesta: As a 0.1% spray, only slightly less effective than DDT. 560
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p) Vs. Carpocapsa pomonella: Unsatisfactory as a control agent.

q) Vs. Diaphania nifidalis: 5% dusts gave control.

r) Vs. Gnorimoschema operculella: Single sprays at 0.1% were equal to 0.1% DDT in control.

s) Vs, Liriomyza orbona: 5% dusts gave 80% control, Inferior to chlordane which yielded 99% control.

For screening test data consult Ref. 1801.
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2,2-BIS-{p-CHLOROPHENYL)-1,1,1-TRICHLOROETHANE
(DDT; Dichlorodiphenyltrichloroethane; 1,1,1-Trichloro-
2,2-bis-(p-chlorophenyl)-ethane; Trichloro-bis-(4-chioro-
phenyl)-ethane; o, 0t-Bis-(p~-chlorophenyl)- 8, 8, B-tri-
chloroethane; Chlorophenothane (=pharmaceutical grade
of DDT); Dicophane (=official designation in Great Brit-
ain); Gesarol; Neocid; p, p' -DDT; etc., etc.)

CHIEF INSECTICIDAL ANALOGUES (g.v.)

H H H H
¢ c

cl Cl— (I:-(x)
Cl
H H H H
cl-c-ct Where R =Cl, X =CL-DDT
f Cl CH30 = C1-Methoxychlor
DDT : " "=Br, = CI-Colorado 9
Molecular weight 354.5 noow_F - CL-DFDT
"=l = H -DDD or TDE
GENERAL [ Refs. 353,2231,2815,1059,757,2226,129,2120,1933,2317,3287,3155,3199,2184 1221,89,1935,2660,426,

2661,619,620,1352,1801,1564,799,2874,2072,2010,1622, 1155,3070,3388, 1535 1401,3115,2948,
761,3342,929]

A chlorinated hydrocarbon, synthesized and described chemically in 1874. The insecticidal properties of DDT
remained unknown until 1939. The advent of DDT as an insecticide was a virtual revolution in the concepts of
insect control and enormously widened the possibilities. The range of activity shown by DDT against insects,
was exceptional in the number of genera and species susceptibletoits action within the economic limits of use.
DDT showed, moreover, unprecedented properties as a residual toxicant. Everything in the nature of DDT gave
promise of applications hitherto unknown. The interest excited by DDT stimulated studies of insect pharmacology
and insecticide pharmacodynamics which greatly enlarged exact knowledge in these fields. These studies opened
the way for design of synthetics with particularly desirable properties in insect control and which balanced high
insecticidal potency with relatively low hazard for man, domestic animals, and wild life. Inereasing evidence
of biotypes of many insects resistant to DDT does little to diminish the lustre of this insecticide and its close
analogues, This phenomenon has added more to practical knowledge than it detracts [rom practical success in
control of harmful insects. If nothing else, it serves as a warning against ultimate triumphs taken for granted,
absurd expectations, and unbalanced enthusiasm,

DDT has been the subject of a vast outpouring of scientific papers and field reporis. Several treatises and
monographs specifically devoted to it are readily available. The present treatment can only cover the most
salient and illustrative parts of this extensive material. However, its very abundance places within reach of
any interested person ample and readily available information on all aspects of this exceptional ingecticide,

85

2379

1571
1913
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PHYSICAL, CHEMICAL [Refs.: 1049,353,2231,3199,1345,2719,171,2120,129,2221,73,1721,1871,1059,643,645,
1020,2087,252,1019,1297,3253,163,540,973,2229 |

1} Preparation:
CLCCHO + c1®§ﬁoi—— Cl@ CHOHCCls + c1©§is_o‘_.. DDT (3 isomers) +

11 or more other compounds, all present in technical DDT,

Technical DDT; Approximate Composition (Samples vary widely)

Toxicity*
Compound {%) PH CL AQ DM
- LCx% ICso% LCsoppm LCso
relative
2,2-Bis-{p-chlorophenyl)-1,1,1-irichloroethane {p,p'-DDT) 63-117 0.3 0.53 0.002 i
2-0-Chlorophenyl-2-p-chlorophenyl- 1,1,1-trichloroethane (0,p'-

DDT) 8-21 5.5 >14 0.012 145
2,2-Bis- (o-chlorophenyl)-1,1,1-trichloroethane {0,0' -DDT} 0.1-1 5.0-17.5 — - -
2,2-Bis- (p-chlorophenyl)-1, 1-dichloroethane {p,p'-DDD} 0.3-4 0.9 1.2 0.0025 17
2-0-Chlorophenyl-2-p-chlorophenyl-1,1-dichloroethane {o,p'-DDD) 0.04 - —_ - -
1-0-Chlorophenyethyl-2-trichloro-p-chlorobenzene sulionate 0.1-1.9 6.5 >10 10 25
2-Trichloro- 1-p-chlorophenylethanol 0.2 - —_ - —
Bis-{p-chlorophenyl) sulfone (.03-0.6 - — 1.0 > 50
@ -Chloro-a -p-chlorophenyl acetamide 0.01 - - - -
o -Chloro-a -o-chlorophenyl acetamide 0.01 - — - -
Chlorobenzene 0.3 - — - —
p-Dichlorobenzene 0.1 — - — -
2-(p-Chlorophenyl)-1,1,1,2-tetrachloroethane trace - - - —
Sodium p-chlorobenzene sulfonate .02 - - - -
Ammonium p-chlorobenzene sulfonate 2.01 - - - -
Inorganic constituents 0.01-0.1 - —_ — -
Unidentified, etc. 5.1-10.6 - - - -

*PH = Pediculus humanus corporis, CL =Cimex lectularius, AQ = Anopheles guadrimaculatus, DM =Drosophila
melanogaster,

Technical DDT: A white to cream-colored waxy solid or amorphous powder; m.p. indefinite; minimum setting
point 89°C; solubility very similar to pure p,p'-isomer (see below); contains 9.5 %-11% hydrolyzable chlorine,
1% alcohol insoluble and volatile material. There are three important isomers which make up DDT, viz.,
p.p' -, 0,p'-, 0,0'-isemers. The p.p'-isomer is the potent insecticide,

Pure DDT (p,p'-isomer): White solid in colorless, needle-like, or tabular crystals; m.p, 108.5°-109°C; de-
Somposition at ca, 110°C; b.p. 185°C at 1 mmHg; di3° 1.556 (also given as 1.6, 1.52); v.p. 1.5 x 10" " mmHg at
20°C; tasteless; virtually insoluble in water (to €.1 ppm at 18°C); moderately to readily soluble in most
organic solvents (see below); stable and inert in neutral media; in alkaline media hydrolyzes, freeing HCL
10°k (I/sec/M) at 20,1°C = 2480, at 30.4°C =7110 with sodium hydroxide + ethanol as the hydrolyzing medium;
pure DDT is relatively stable toward heat, decomposing rapidly at >195°C; tech. DDT, less stable due to impur-
ities, decomposes at ca. 100°C; iron, anhydrous ferrie- and afuminum chlorides, and ferric oxide catalyze
the decomposition; most solvents antagonize the heat decomposition (save chloro- and nitro- benzenes which
accelerate it). Fer++-philic agenis, e.g. picolinic acid, salicylaminoguanidine, at 2%inhibit catalytic break-
down; residual deposits, fully exposed to the environmental ultra-violet radiation, decompose slowly into
substances non-toxic for insects; v.p. at 45.7°C 6,9 x 10-°, at 81,5°C 2.6 x 10-*, at 71.3°C 7.6 x 10-*, at
90°-100°C 3.3 x 107°,

Formulations: Dusts, wettable powders, emulsions in water, solutions in various solvents, aerosols, smokes, 1061
gas by vaporization, aerosols with pyrethrins, numerous agricultural sprays and dusts of various DDT con-
cenirations and formulations.

Solubility Of Purified BDT In Various Solvents

Solvent Grams DDT per Solvent Grams DDT per
160ce  100g 1G0ce 100g
Aceione 58 74 Dimethyl phthalate 34 29
Acetonyl acetone 38 39 1,4-Dioxane 92 8%
Acetophenone 817 65 Dipropylene glycol 5 5
Amyl acetate 39 44 Ethanol (95%) 2 2
Anisole 70 70 Ethyl benzoate a7 54
Benzene 8 89 Ethylene dichloride 59 47
Benzylacetate 45 43 Ethyl ether 28 39
Benzyl aleohol 12 11 Fuel oil #1 8-11 10-14
Benzyl benzoate 42 38 Fuel oil #2 7-10 8-12
Benzyl ether 41 38 Furfuryl alcohol 7 6

Indalone 38 35 Gasoline 10 13
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Solubility Of Purified DDT In Various Solvents
Solvent Grams DDT per Solvent Grams DDT per
100cc 100g 100ce 100g
Butyl stearate 8 9 Isopropanocl 3 4
Carbon tetrachloride 45 28 Kerosene 8-10 10-12
Castor oil 7 7 Linseed oil (raw) 11 12
p-Chloroacetophenone 39 33 Methyl salicylate 40 34
Chlorobenzene T4 67 Morpholine 75 75
1-Chloronaphthalene 95 46 Nitroethane 27 268
Cinnamaldehyde 25 22 Oleic acid 8 9
Cottonseed oil 11 12 Peanut oil 11 12
Cresylic acid 17 17 Phenyl ether 42 39
Cumene 37 43 Pine oil 10-16 11-17
Cyclohexane 15 19 Propionic acid 16 >16
Cyclohexanol 10 11 Propylene glycol <1 -
Cyclohexanone 116 122 Stoddard Solvent 9 12
Cyclohexylbenzoate 46 44 Tetrahydronaphthalene 61 63
p-Cymene 29 34 Tributyl phosphate 30 51
Dihutyl phthalate 33 32 Triethanolamine < 1 —
o-Dichlorobenzene 59 45 o-Xylene 57 66
Diethylene giycol monobutylether 34 36 Xylene (commercial) 53 61
Selubility Of DDT Compared To That Of DFDT, The Fluorine Analogue
Solvent g/100cc Solvent g/100cc
p,p-DDT p,p-DFDT p.p-DDT p,p' -DFDT

Mineral Seal oil 3.9 83 Carbon tetrachloride 45 6850
Kerosene (white) B-10 140 Xylene 53 870
Dibutyl phthaiate 33 260 o-Dichlorobenzene 39 T00
Polymethyl naphthalenes o7 460 Cyclohexanone 116 850
TOXICOLOGICAL
1} Toxicity for higher animals: [Refs.: 2350,3199,89,851,1221,1949,3217,2221,246,353 ]

a) Toxic for higher animals (as well as for many lower organisms, other than insects). With appropriate
understanding and precautions hazard is low. The toxicity is less than that of such substances as sodium
fluoride, Paris green and nicotine long used successfully in house and field.

(1) Acute LDsg, oral, (average of animalis tested) = 250 mg/k, chronic ““MLD’* = 100ppm, cutaneous danger
level = 2820 mg/k.
(2) For comparison (in same order as above;) DDD 2500, 2500, 2820; Methoxychior 7000, 5000, 2820;
Lindane 125, 400, 50; Chlordane 500, 250, 1880; Toxaphene 60, 780 (cutaneous; Nicotine 10, 60, 50).
{3) Oral dose to produce illness in some human subjects: 10 mg/k; convulsive dose 16 mg/k or > ; known
dosage consumed sans fatality in one case =285 mg/k; even small doses may induce vomiting which
makes accurate determination of actual dosage difficult.
{4) Estimated oral LD, Man: 500 mg/k, with death in 2-24 hours; LD in kerosene solution =ca 150 mg/k.
(5) Least daily repeated dose to produce illness: Unknown, On basis of animal tests, 2,5-5,0 mg/k/day
is the estimate for mild intoxication. Dogs tolerate 10 mg/k/day for years sans effect, but man is
more sensitive; a 10 mg/k dose makes some subjects ill in single dosage; 0.5 mg/k/day induces no
overt effect and 50 ppm in the daily diet is necessary to yield this amount.
(6) Actual average concentration of DDT in prepared meals: Ca 0.25 ppm (0.0026 mg/k/day.)
b) Quantitative:
Animal Route Dose Dosage {mg/k) Remarks
Frog sc LD 50 1563
Frog sc ILDse 34.64 Death within 48 hrs; in dorsal lymph sac. 3129
Frog; Tadpoles Environment LC 1 lb/acre Ponds, average depth 5'. 604
Tadpole Medium LC 0.1 ppm (laboratory-tests), 0.25 ppm (field tests) 1885
Mouse or LDso cal80 3360
Mouse ar LDso 150-250 246
Mouse or LDg 200 In olive oil 3203
Mouse or LDy 400 In olive oil; in corn oil. 839,818
Rat or LDs 420 In liguid paraffin. 3360
Rat or LDso 800 450
Rat or LDsg ca200 In liquid paraffin, 2497
Rat or LDsg 200 In carn oil; in peanut oil. 839,2497
Rat or LD, 150 In nlive oil. 2895
Rat ct LDy 3600 In ether and other solvents, e.g, kerosene. 450
Rat sc LD 1500 In liquid paraffin + tragacanth, 450
Rat ip LD 100-200 1563
Rat iv LDgo 40-50 As an emulsion, 1519
Rat iv LDg 60 Emalsion in lecithin. 2497
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b) Quantitative:

0.15 ppm (.25 lb/acre) 54.2°F, suspension, 18 1 aquaria.

Remarks

In liquid paraffin; in corn oil.

In ether, kerosene, etc.

In lLiquid paraffin + tragacanth.

In olive oil; in liguid paraffin.
In liquid paraffin.

In liquid paraffin.

In ether, kerosene, etc.

In corn oil.

In paraffin oil + tragacanth,
In olive oil.
Emulsion in lecithin,
In olive oil.

In peanut oil,

Ag emulsion,
Emulsion in lecithin,
As emulsion.

As emulsion.
Emulsion in lecithin

Emulsion in lecithin.

*Minimum Toxic Single Dose,
" 1" " " "

In crystalline form.

In oil solution,

No deaths; toxic symptoms.
No deaths; liver lesions.

Death within 24 hrs; symptoms in all.

" " 3-49 hrs,

0.15 ppm (.25 Ibfacre} " "

0.15 ppm {.25 b/acre}) " "

0.04 ppm Dirt ponds; >> sensitive in aquaria.

Aerial spray; adults not affected.

" " 1" 1 "

1" 1} 1t 1L} L1}

0.4 Ib/acre; .05-1,6 ppm. As a dust.
Toxic C 0.004-5.0 ppm Kerosene, oil, acetone sols. 1192,1184,2429,928,44,3237

*Mean Tolerance Limit, 10 days exp.

As a dust on ponds.
Laboratory tests.
*Immeohbilization Threshold.

Animal Route Dose Dosage (mg/k)
Guinea Pig or LDy 400
Guinea Pig or LDyo 282-355
Guinea Pig ct LDso 1000
Guinea Pig sc LDy 900
Rabhit or LDso 300-500
Rabbit or LDg 300
Rabbit or LDs 400
Rabbit or LD 250
Rabbit ct LDg 300
Rabhbit ct LDso 2820
Rabbit sc LDso > 3200
Rabbit sc LDg 250
Rabbit ip LDy 2100
Rabbit iv LDigo 50
Rabbit iv LD 40-45
Cat or 1Dy 400-600
Cat or LDsp 400-500
Cat iv LDioo 40-50
Cat iv LD 40-75
Dog iv LD 60-75
Dog iv LDgo ca b0
Monkey or LDy > 200
Monkey iv LDso 60
Calf or MTD* 250
Cattle or MTD* 500
Sheep or MTD* 500
Horse or MTD* > 234
Horse or LDso > 300
Bob-white Quail or LD ca3doo
Boh-white Quail or LD 60-85
Duck {Mallard, Pintail) or Toxic 1000
Starling or Toxic 800
Rabbit (Cottontail) or MLD ca2500
Deer (white-footed)

Mouse or LDy calb500
Deer (white-footed)

Mouse or LDy ©¢a2000
Chicken or LDso >1300
Goldfish Medium LCs 0.1 ppm
Goldfish Medium LCia0 0.2 ppm
Bluegill (fingerling) Medium LCo0 0.15 ppm
Bass (fingerling) Medium LCuo0 0.05 ppm
Gambusia Medium ICs 0.01 ppm
Salmo gairdnerii {1.5"% Medium C
Salmo trutta f1.5”) Medium LC
Salvelinus font{inalis

(1.6 Medium LC
Tilapia kafuensis

{young) Medium Toxic C
Micropterus dolomieu

{young) Medium LC 1 Ib/acre
Catasomus commer-

sonnii (young) Medium Lc 1 lb/acre
Hypentelium nigricans

{young) Medium c 1 Ih/acre
Fish Medium 1C 0.01-1.0 ppm
Fish Medium 1.C 0.25 ppm
Fish Medium I.C
Fish Medium
Fish Medium Toxic C 0.05 lb/acre
Fish Medium MTL

10days* 0.15 ppm
Crayfish (Crustacea) Medium LC 0.25-1.0 ppm
Crab, Crayfish,

Amphipods

{Crustacea) Medium LC 1 ib/acre
Daphnia (Crustacea) Medinm ICio00 0.1 ppm
Daphnia ( " Medium IT* 0.001-0.1 ppm

839,450
3380
450
450
246
450,2895
3360
456
450
1949
1519
450
1519
2497
2497
2497
2497
2437
2497
2497
2497
246
2497
2567
2567
2567
2567
246
557
557
557
557
557

557

557

246
2396
1937
1937
1337
2396
2362
2362

2362
2505
1566
1566
1566

1937,1885
1507,2717

3050,1885,1937,3232

3050

828
1885

604
1885
67
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(1) Minimum Toxic Concentration (%} as a single total surface spray or dip of DDT: 2567
Baby caives = >8% Pigs = >8%
Cattle = >8% Horses = >8%
Sheep = >8%
Oral foxicity of solid DDT for several domestic animals; 8T = by stomach tube, GC = in gelatin eapsules, 3067
IF = in feed:
Animal Weight{k) Dosage {(g/k} Remarks
Goat ¢ 38.5 1.5 8T Mild tremors — recovery.
" " 49,8 1,5 ST Mild tremors — recovery.
" " (young) 22.2 2,2 8T Moderate tremors — recovery.
" " 42.6 2.8 ST Severe tremors — prostration (52 hrs) — killed.
" d (young) 17,2 2,9 ST Light tremors — recovery.
1 g( ") 24.9 3.3 8T Moderate-severe tremors — recovery,
" o 57.9 5.5 ST Severe tremors — convulsions — prostration (13 day} — killed
"o 38.5 6.5 ST Severe tremors — death on 16th day.
Horse (gelding) 562 0.26 IF No symptoms or signs of foxicity.
Chicken (W. Leghorn} 2.25 0.44 GC
" (" o) 2.16 .46 GC No symptoms, signs; some laid eggs following treatment,
1 ( " 1" ) 2.6 .39 GC
" (m o) 2.4 42 GC
" (Barred Rock) 1,44 .35 GC
" ( ") 1.5 .49 GC No sympioms, signs; all gained weight following treatment.
L U 1.44 .35 GC

(2) Toxicity of DDT in ““jar tests’’ for Carassius auratus (Goldfish), exposed so that 5 fish shared 2.5 liters 1184
of tap water:

Aleohol Solution Surface Application In Qil As Dusts
DDT % Kill After DDT lbs/acre  DDT % Kill After  DDT lbs/acre Dilution % Kill After
1 day 2 days 6 days Dilution 3 days6 days 3 days 6 days
.05 ppm 0 0 0 0.42 .4 ppm 306 60 0.1 .1 ppm 0 33
.1 ppm 0 0 40 .85 .8 ppm 40 60 .2 .2 ppm 17 33
.133 ppm 20 30 80 1.7 1.6 ppm 60 80 .3 .4 ppm 17 33
.2 ppm 60 100 — CONTROL - 0 0 1.0 1 ppm 17 33
4 ppm 90 100 — - - - 2.0 2 ppm 33 100
.5 ppm 30 100 - - — — — 2.0 2 ppm 17 66
1.0 ppm 90 100 - - - — - CONTROL - 4] 0
2,0 ppm 100 - — - - - - - - - -
46 ppm 100  — - - - S — - - - -
10.0  ppm 100 - - - - - — - - - -
CONTROL i 0 ¢ — - - - - ~— - -
¢) Repeated doses, sub-acute, sub-chronic, chrenic, other toxicity:
(1) Dog:~ [Refs.: 2348,1322,3199,1953]
or 100 mg/k/day, as 4 doses/day in capsules, for 7 wks gave no effect.
or 10 mg/k/day, in corn oil, tolerated sans effect for 3 years.
or 80 mg/k/day, dry form, gave no effect,
or 50, 80 mg/k/day, in corn oil, produced death in several months,
inh 12.44 mg/1 (10% dust) 3 hrs/day, 4 wks, zave no toxic effects.

insufflation 100 mg/k (10% dust)/day gave toxic signs {in ) after 18 days; tremor: liver, kidney damage,

ct
(2) Rat:
’(E'

or
or
or

lec (3% sol)/day, 3 wks, then 3xs/day, 4 wks gave £ kill; severe CNS depression; no pathology,
[Refs.: 1855,3360,2050,3069,1322,1931,1323,450]
50 ppm (diet) — no overt effects; 100 ppm — slight chronic poisoning; 400-800 ppm — CNS effects,
iremors.
5-10 ppm gave micropathology in liver, moderate at 50 ppm; marked at 400 ppm.
250 ppm (diet), 52 wks exposure, gave no effect, according to some.
1000 ppm {diet) yielded unmistakable toxic effects; young: Dead in 14-18 days, symptoms in 6-13 days.
2000 ppm gave 50% kill within 9 days; 1200-1800 ppm fatal in < 1 week; 300-600 ppm: Mortality
ratio =to controls.
800-12,000 ppm yielded uefinite toxic signs, some deaths; 600 ppm tolerated for 14 wks, 100% fatal
after 52 wks, 100-800 ppm for up to 2 yrs produced chronic toxicity in all,
4-10 exposures at 1000 ppm in air (initial), 2hrs/day brought death. Aerosols at 6.2, 12.4, 54.4
mg/1, initial DDT concentration, 45 minute exposures gave no effect.
200 mg/k/day (10% kerosene sol.) proved fatal in 14 wks; weaker solutions also were fatal over
longer exposure periods. 15, 50 mg (pure, dry DDT) or as 5% dust, 2 hrs/day exposure yielded no
toxic effects.

(3) Mouse: [Refs.: 3360,2348,2349,450]

or

(in diet) 125, 250, 500 ppm brought death in 1-6 days.
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inh Aerosols at 6.22 mg DDT/1 were tolerated in presence of 6% sesame oil; toxic effect in presence of
T 9,5% sesame oil; >6.22 mg/1 always toxic (excitability, nervousness, tremor, convulsions).
0.183 mg/l, 45 minute exposures 3xs/day gave definite toxic signs not noted in single exposure
tests.
ct 0.1ce (3% sol.) fatal to most; 0.025, 0.012cc gave definite toxic signs.
(4) Rabbit; Guinea Pig: [Refs.: 2348,2349,3360,2895,840,450,3199]
or Rabbit, 40mg/k in olive oil proved toxic in repeated doses.
or  Guinea pig, 1000 ppm (diet}, 52 wks exposure proved definitely toxic,
i_n_h Rabbit, Guinea pig, 1000 ppm at 2 hrs/day: Fatal after 8-9, 9-10 exposures,
inh Guinea Pig, Aerosols 6.2, 12.4, 54.4 mg DDT/1 (initial), tolerated sans toxic signs.
¢t Rabbit, 3.9, 6.0, 9.4 cc/k 30% DDT in dimethyl phthalate on shaved skin gave toxie signs, no deaths;
T 100 mg/k (as 10% sol.) in kerosene produced death in 6 days of repeated application,
Guinea pig, 200 mg/k/day in kerosene proved fatal in 14 days.
Rahbit, 1, 2, 3 cc/k 30% sol. in dimethyl phthalate, proved fatal, in daily inunction, to all; some
deaths at 0.5 cc/k; toxie signs, no deaths at 0.25 cc/k 13 wks exposure.
(5) Chicken: Refs.: [3199,2571]
or, 500 ppm (diet) yielded death of young birds in 4-16 days; at 1000 ppm brought death in 3-10 days.
Not to be used as a spray or dip on birds.
{6) Farm Animals: [Refs,: 2420,2571]
or, Cows, horses, sheep, 100 mg/k/day (1 week), then 15¢ mg/k/day (2nd week) followed by 200 mg/k/day
(3rd week) yielded CNS symptoms in most cows; no toxic signs in sheep, horses.
or Cows, sheep, 4-5 months on pea vine silage treated at 1 1b DDT/ton fresh wgt showed no toxic signs,
but 15 ppm DDT was present in milk,
topical {spray, dip) 8% DDT, 1 application tolerated by all; 10 applications 2% DDT at 2 wk intervals
deemed safe; 36 applications 0.5% DDT at 2 wk intervals tolerated by cattle; cattle, horses, sheep,
goats, tolerated B applications at 4 day intervals of 1.5% DDT.
(7) Comparative oral toxicity, farm animals, DDT, and other compounds: 3277

Y3

Insecticide Animal Wgt (lhs) g’/_k Remarks

BDT

DDT
DDT
DDT

Sheep 85 2 Extreme nervousness, muscle spasms 24 hrs-5 days;
normal 9th day.

Sheep 97 1 Muscle tremor; failure of coordination.

Sheep 93 0.5 Slight nervous symptoms for 24 hrs.

Steer 940 0.5 Nervousness, twitching, lack of coordination; normal
6th day.

BHC (10% ) Sheep 86 2 Extreme symptoms in 6 hrs; spasms, blindness; normal

BHC (
BHC (
BHC (

5th day.
") Sheep 124 1 Skight nervous symptoms in 24 hrs; soon normal.
t ) Sheep 90 0.75 1" 1t Tt H 1" "
") Steer 710 0.125 No effect.

Chlordane Sheep 78 2 Severe respiratory and nerve symptoms in 16 hrs;

death at 48 hrs,

Chlordane Sheep 123 1 "
Chlordane Sheep 103 0.5 Incoordination, nervousness, biindness; normal on 5-6

Chlordane Steer 820 0
Methoxychlor Sheep 115 1
Methoxychlor Sheep B3 2 Normal.
Methoxychlor Steer 540 6

day.
L05 No effect.
Normal.

.5 No effect.

d) Hazard to man and animals in water supply: 247,476

e)

{IYAerial spraying of DDT at 1 Ib/acre, 10.4 mg/ft® gave (.36 ppm in waters 1 ft deep, 0.0735 ppm in
waters of average 5 It depth, Overall average of 0.1 ppm is assumed,

{2) No harm to city water supplies from applications at 0.1-2 lb/acre (0,01-0.2 ppm) since ordinary treat-
ment of such waters removes most of DDT present at original concentrations of 0.1-10 ppm.

(3) Reservoir water, treated at 0.01 ppm, yielded far less than the minimum toxic concentration for man in
consumed water. Normal use vs. mosquito larvae is innocucus to warm-blooded animals.

(4)Mice, receiving as sole water supply 10 ppm DDT-containing water for 75 days, showed no deleterious
effect; at 50 ppm for 58 days showed no effect.

Toxicity, hazard for wild life:

(1)DDT is toxic to fish. Damage is proportional to dose and particularly serious in shallow bodies of  3020,3022
water. Toxicity varies with species and age. Stable emulsions tend to be more toxic than oil 1567,3050
solutions and dusts; water dispersible powders tend to be the least toxic, 247

(2) Sprayed aerially at 0.1 lb/acre, 5 times as much DDT is recoverable at water surfaces than when aerosol 3050
is used. Maximum recovered at surface, using thermal aerosol at 0.1 lb/acre was 0.012 lb/acre. 1758

(3) Aerial spraying of foresis (e.g. vs. Porthetria dispar) at 1 Ib/acre gave 70%-80% loss of fish food 1565
organisms. 1564

(4) Field experieaces; DDT and Wildlife:

1) Aerial spraying on 2 watersheds, DDT in oil formulation {1 1Ib DDT, 1 pt xylene, 7 pts kerosene) at 1565
1 gallon/acre: Stream flowing at 17.7 ft*/sec, 8000 gals/minute; 2 lakes {1 = 15 acres, 16 ft deep
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at dam, 1 = 60 acres, av. depth 25 t.:) Heavy deaths of fish in stream and lakes from direct and wind-

borne spray, particularly in areas of double spraying (overlap). Great numbers of fish dead after

heavy feeding on DDT-killed and disabled insects drifting downstream in great numbers. Most fish
were susceptible, e.g., Notemigonus cryscleucas, Catasomus commersonnii, Ameiurus nebulosus,

Esox niger, Lepomis gibbosus. Mortality of fish began generally during 1st day and continued for ca,

1 month, Virtual elimination of fish from shallow ponds. Stream waters toxic to test fish (with

typical symptoms of DDT poiscning.) Native fishes taken in treated area showed typical DDT toxic

symptoms. Siream waters, 18 days post-treatment, were lethal to 4 inch goldfish in 8-12 hours,

Effects were cumulative as spray washed down stream. 70-80% kills of bottom insects were followed

by heavy deaths among fishes (e.g. trout) feeding thereon, On a stream, 6 miles long, av. width

20-25 ft., sprayed over its whole watershed at 1 Ib/acre DDT and sampled at mouth: Heavy fish

mortality 1 day post treatment, continuing for 3 weeks,

I) Summary of Special Scientific Report on DDT and wildlife: 2362

1) At 1.1 Ib/acre on forest land brought no change in bird census.

2) At 3 lbs/acre on dense forest: Amphibians kilied, bird numbers unchanged, mammals unharmed on
64 acre test area.

3} At 5 Ibs/acre on forest land yielded 15% decline in bird census.

4} At 2 Ibs/acre on salt marsh yielded complete kill of 4 crab species; no effect on 2 snail and 1
mussel species.

5) Pine forest, 4xs sprayed at weekly intervals with 1% DDT in oil, ground deposit average 0.2 lbg/
acre, 0,58 Ib/acre maximum, showed great reduction of insects; birds unaffected, Nestling birds,
fed spruce budworms, killed by forest spraying of DDT at 1 lb/ acre, at 25%, 50% of body wgt in
insects/day showed no DDT poisoning. Laboratory killed insects (DDT sprays), given to nestling
birds which fed to repletion for 2 days, and to 25% of body wgt on 3rd day, caused death of 7/27
directly by DDT poisoning and contributed to deaths of 8 others.

8) Aerial application at 1 lb/acre, DDT wettable powder, average deposit 0,39 lb/acre gave little
effect on many kinds of minnows; various native fishes of the current year’s hatch were affected
with heaviest mortality noted in 3-4 days and continuing until 7th day. 10% of warm-water fishes
exposed above, within or below, treated area were killed,

7) DDT in oil at 1-2 lbs/acre, followed in 1 month by 0.26 lb/acre gave moderate harm to fish on
2500 acres so treated for mosguito control.

8) Cottontail rabbits, exposed on pastures treated at 5 and 7.5 lbs/acre DDT in oil, all died within
9 days with typical symptoms; controls unharmed.

9) In aquarium studies, DDT oil sprays and suspensions at 0.25, 0.5 lb/acre, gave 100% kills of
bluegills. Trout, treated at 0.25 Ib/acre in aquaria with mud bottoms, showed 0.37% mortality,
without mud, 84%-100% mortality. Rainbow trout proved particularly sensitive.

10) DDT suspension, at 1 lb/acre over raceways of hard spring water with brook and rainbow trout,
bass, golden shiners, showed 3-4 inch long trout not affected.

11) In ““Daphnia ponds’ containing fingerlings, exposure to DDT suspensions at 1 lb/acre brought
serious effects to black crappie, small-mouth bass, bluegill; large-mouth bass, rainbow trout,
golden shiner were relatively little affected. Two inch bluegills exposed unfed showed 25%
mortality; fed showed 12% mortality. Rainbow trout, 3-3.75 inches, exposed unfed showed 45%
mortality; fed showed 5% mortality.

12} Advanced fry of large~ and small-mouthed bass in dirt bottom ponds with ample natural food,
exposed to 0.37, 1.0 Ib DDT suspension/acre and 0.5 Ib/acre oil spray in 12 day tests: With DDT
suspension: No survival; with DDT in 0il: No survival in 2, 12% survival in 1 rond, Fingerling
black crappie, bluegill, brown bullhead sprayed in various ponds at 0.5 lb/acre DDT suspension
and 0.37, 0.5, 1.0 lb/acre oil formulations showed 61% or greater kill in oil treated ponds; 8-78%
kill in suspension treated ponds. At 1 lb DDT/acre oil solutions and suspensions were equal in
toxicity to fish.

13) Deaths among adult birds, mammals, begin when DDT concentrations reach 3 lbs/acre application
rate; amphibians are also affected. To avoid fish, crab, and crayfish injury spray at 0.2 Ib
{or <)/acre and at < 2 Ibs/acre to avoid harm to birds, mammals, amphibians in forest areas.

In emulsion form even smaller amounts are desiraple. Direct application should not be made to
streams, lakes, or coastal bays, Early insects should be dealt with before major spring bird
migrations; late pests, if possible, should be dealt with after the bird nesting season.

14) Oysters: No eifect on oysters at 5 Ibs/acre. Dipping of oyster spat collecting surfaces almost 2037
completely prevents barnacle fouling, Sprayed at 200 mg/ft* on spat collecting surfaces, inter- 3243

fered neither with oyster or barnacle settling.

III) For experiments, in detail, on the effect of feeding to various fishes, (e.g. Micropterus dolomieu,
M. salmoides, Lepomis macrochirus, Pomoxis nigro-maculatus) diverse insects treated with dif
ferent DDT formmulations consult Relerence 1567,

1) Micropterus dolomieu, receiving DDT wettable powder in gelatin capsules at 50, 100, 200 mg/k,
ail showed DDT toxic symptoms in several hours and all were dead in 24-29 hours,

1V) Other data, toxicity of DDT formulations for fish: 1566
1} Micropterus dolomieu, M. salmoides (ca 1 inch fry) in dirt bottom ponds, average midnight tem-

perature, 75.7°F:
25% wettable powder at 0.041, 0,065, 0.1 ppm (0,37, 0.5, I lb/acre) gave 100% mortality.
DDT in oil (1 lb/gal) at 0,085, 0.09 ppm (ca 0.5 Ib/acre) gave 100% mortality.
mooron " at 0.07 ppm (ca 0.5 Ib/acre) gave 87-88.5% mortality.
(Controls in all cases showed survival of from 81.5 to 95%.)
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2) Formulation: DDT 1 lb, 3180 cc PD-544-B (naphthenic solvent, + fuel oil to make 1 gallon:
Micropterus dolomieu {av. 1.1 inches) 0,09 ppm (0.5 lb/acre) showed 85% mortality in 48 hrs;
100% mortality within 5 days. (Controls: 100% survival).

M. dolomieu {av. 1.25 inches) 0.04 ppm (0.25 lb/acre} at 75°F showed 100% mortality in 48 hrs in
concrete ponds; (Controls: 97% survival),
Lepomis macrochirus {av 1.0 inch) 0.04 ppm (0,25 lb/acre) at 72.9°F showed 70% mortality (3 days),
80-907 mortality (4 days); (Controls: 100% survival).
Notemlgonus chrysoleucas (adults, fry): 0,065 ppm gave 100% mortality of fry, survival of adults.
W {(fry): 0.025 ppm gave 100% mortality in 48 hrs at 72°F (av.)
" v (" ) 0.014 ppm gave no effect, 9 day exposure, T2°F (av.)
3) Formulation; 50% wettable powder:
Lepomls macroclnrus (1.0 mch) (.09 ppm gave 70,5% mortality in dJ.rt bottom ponds.
" 0.085 ppm gave 86% "
1" " " . 0 07 ppm gave 16% " 1 "
(Controls 79.5-89.0% survival)
Pomox1s nigro- maculat:us (0.17 g av): 0.085 ppm gave 77.5% mortality in dirt bottom ponds.
" " : 0.09 ppm gave 65.5% ' m
" T fr " + 0,07 ppm gave 14 5% LA " "
(Controls 82-98% survival)
Ameiurus nebulosug (1.2 inch av.): 0.07 ppm gave 10.5% " " "
" " " . 0.085 ppm gave 49% " " "
" " " : 0.09 ppm gave 7.5% " " "
{Controls 89,5-95% survival)
4) Formulation: DDT 1 Ib, xylene 2 pints + No. 2 fuel oil to make 1 gallon:
Leporns macrochlrus (1.0 inch av.): 0.04 ppm gave 87% mortality in dirt- bottom ponds.
" : 0.065 ppm gave 76.5%
" " " © 0, 1 ppom gave 70% " T L]
{Control 79.5%-89% survival)
Pomox1s mgro-maculatus (0,17 g av.): 0.04 ppm gave 69% " " "
n : 0,065 ppm gave 92,5% mortality in dirt- bottom ponds
B " " : 0.1 ppm gave 7% "
{Control 82%-92.5% survival)
Ameiurus nebulosus (1.2 inch av,): 0.04 ppm yielded 61% mortality in dirt- bottom ponds.
" " " : 0,065 ppm yielded 87.5%
" " tr . 0 1 PPm ylelded 80 5% t t "
{Control 89,5-95.0% survival)
Micropterus dolomieu (2.7 inches av.): 0.14 ppm gave 46%, 54% mortality in dirt ponds.
M1cropterus salmoides (aduit, 10-15 in}: 0.14 ppm (2 sprayings, 7 day interval) gave 0 mortality.
" (4.9 inches av.}): 0,14-0,17 ppm gave little effect.
Lepom1s macrochirus (3.6 inches av.): 0.14-0,17 ppm gave 50-60% mortality in du't ponds
" (3.8 "} 0.13-0.14 ppm gave 8%, 24% "
" " (adult, 6-7 in.): 0.14 ppm (2 sprayings, 7 day interval} gave 0 mortality.

5) Other experiments: Formulations: A = 50% wettable powder {(commercial), B = 1 1b DDT, 2 pints

xylene, No. 2 fuel oil to make 1 gallon;
Tests in 20 liter aquaria at 61.8°F av. temp., DDT at 0.28 ppm (0.5 lb/acre)

Formulation Lepomis macrochirus 100% mortalit . .
A B Trlz)ut (rainbow) 100(% o ¥ Heaviest mortality 2-3 days
’ Trout (brook) 1009, " after application,

Tests in raceways of flowing water with A at 1 lb/acre, maximum possible concentration = 0,258 ppm:
Negligible mortality among Notemigonus chrysoleucas, Micropterus dolomieu, brook and rainbow
trout,

6) Differences in mortality of several fish exposed to 2 different commercial preparations of 50%
water wettable powder at 0.18 ppm (1 lb DDT/acre):

Preparation % Survival, Duplicate Tests In Daphnia Ponds
M. dolomieu (3.2') M. salmoides {2.6") L. macrochirus (2.0") N. chrysoleucas {3.3™)
I 46; 86 22; 40 24; 30 18; 48
It 98; 98 72; 82 32; 42 86; 98
Control 100; 100 82; 96 56; 78 74; 82
1 26; 30 (3.1 98; 100 (2.8™) 18; 24 {(2,1") 96; 98 (3,1")
I 22; 22 88; 94 4; 14 100; 100
Controi 94; 96 100; 100 98; 160 100; 100
Rainbow Trout Black Crappie
I 92; 98 0; 16
II 82; 94 2; 4
Control 100; 100 84; 90

Black crappie mortality heavy immediately after application; M. dolomieu, L. macrochirus mortality
heavy at 2-4 days post-application.
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7} Mortality in dirt-bottom ponds of several fish exposed to DDT water wettable powders, commercial,
at 50% DDT (A), 90% DDT (B):

Preparation DDT {ppm) % Survival
M, dolomieu M, salmoides L. macrochirus N. chrysoleucas

A 0.09 94} 95} 98 50

A 0.14 88 17 (av) 86 [ 76.3(av) 98} 72 (av) 92} 68.7 av

A 0.17 49 48 20 64

B 0,10 100} 82 100 88

B 0,11 T 78.7 (av) 64} 69 {av) 86} 84 {av) 72} 82.7

B 0.13 65 61 66 88

Control (av. of 3 replicates) 85.3 86,7 100 86.7
V) DDT and wild birds; game birds
1) For data on acute toxicity consult the stated references: 957,679
2) DDT at 1 Ib/acre is reported to have no apparent effect on numbers of wild birds; at 5 1599,2673
lbs/acre marked reduction in wild bird numbers is reported. 1223,22%8

3) Aifter 5 applications of DDT, at 2 lbs/acre, a 26% decrease in breeding wild birds is reported, 2672

4) Prolonged exposure to DDT affects breeding potential of birds even in absence of immediate effects: 1931
sub-lethal amounts aceumulate in tissues and organs.

5) Failure of breeding in adult & quail, with death when tissue accumulated DDT was > 30-35ug/g 2080
has been noted. 782,557

6) Effect of DDT in the diet of quail, pheasants; experiments in continuous feeding of DDT-containing 780
rations:

Bird No., DDT DDT Con- Total Mortality Survival Time (days)
sumed/day Consumed
% ppm (mg/k) {mg/k) {%)
Quail {adult) 40 0,025 250 25 1100 100 45
" " 10 0,020 200 13.8 2125 10 154
" (young)* 80 0.01 100 10.5 1260 30
" Control (adult) 96 - — - - 4.1 154 (test pd)
" " (voung)* 200 — — - - 28.5 120( " ')
Pheasant (adult) 16 0.025 250 11.5 208 100 18
" (young)* 20 0.005 50 4.6 475 35
" Control (adult) 108 - - - - 3.6 100 (test pd)
. " (young)* 200 - - - - 3L5 100 ( " )

*Birds 1 day old at experiment’s beginning; test duration 120 days unless otherwise shown.

Effect On Reproduction of quail:

DDT Eggs/ Fertility Hatchability % Chicks Surviving (DDT-free Diet) At
% ppm  Hen/day & %) 1wk 3 wks 12 wks
0,02 200 0.35 93.6 66,8 43.8 36.2 15.8
0 0 0.53 8.6/ * 82,3/ ** 96,0 87.5 78.3
*Difference not statistically significant,  **Difference significant P = 0,08.
DDT {ppm) During % BEggs/Hen % Fertile Hatch (%) Chicks Surviving (%) At
Winter Repro-  Mortality {Av.) 2 wks 6 wks
duction
100 0 0 61 87.5 5.7 86.2 64,3
100 100 25 65 66.9 75.3 67.7 7.1
0 200 25 bh 92.8 80.0 32,3 12.9
Control 6.25 b2 89.0 83.9 88.9 83.3
Pheasants
0 50 ] 31 81.4 58.6 100 85
14 50 0 18 7.5 80.6 100 93,3
0 100 1] 19 86.2 52.0 100 82.4
Control 0 48 86,6 87.4 94,8 89.7

a) At 0.01% {100 ppm) in the diet, experiments 1- 10 wks in duration little effect of any kind on the growth or
survival of young quail could be detected.

Effect of DDT on quail and pheasants when fed during growth:

Bird

Quail
Quail

DDT Duration Test Mortality DDT Con- DDT Con-
(ppm) (days) % sumed/day  sumed (Total)

{mg/k) (mg/k)
150 ° 15 53.3 7.2 10.8
100 120 30 10.5 1260
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2) At 0,01% (100 ppm) in the diet, experiments 1-10 wks in duration little eifect of any kind on the growth or
survival of young quail could be detected.
Effect of DDT on quail and pheasants when fed during growth:
Bird DDT Duration Test Mortality DDT Con- DDT Con-
(ppm) {days) (%) sumed/day  sumed (Total)
(mg/k) (mg/k)
Quail (controi) 0 120 24 - -
Pheasant 100 51 100 21,2 1130
" 50 103 37 4.6 475
" (control} 0 103 28 - —
Fed during winter maintenance
Quail* 100 162 20,2 7.3 1180
" (control) 0 162 8.7 - -
Pheasant* 50 120 42.9 2.5 300
" {control) 0 120 12,5 — —

*Birds which had received similar levels of DDT in diet during growth period,

{7} Other observations, wild birds, mammals: 557
{a) Quail (Bob-white}, feeding tests using 5 week old birds; test period 63 days:
At 0.005% in the diet: Some deaths attributable to DDT,
At 0,025% in the diet: 50% mortality of tested birds.
At 0.05-0.,4% in the diet: Death of all tested birds; at 0.05% of 10 birds 2 were dead on Tth day,
8 on 14th day, all on 28th day;
At 0.1%, 0.2% all dead on Tth day. At 0.4% all dead by end of 1st day of exposure,
(b) Ducks (Mallard; Pintail): Toxic reactions noted at dietary levels of DDT > 0.025%.
{c) Cottontail Rabhits:
At 0,2% in diet for > 3 days: Toxic symptoms in some.
At 0.4% 3 of 4 animals dead by 21st day of exposure via the diet after severe tremors; focal necrosis
in liver, kidneys.
{d) Meadow Mouse:
At 0,2% in the diet: Tremors in all; death of 2 out of
5 subjects within 28 days.
At 0.4% in the diet: 5 out of 5 subjects dead by 21st day.
At < 0,2% in diet: All subjects survived the 31 day test period.
(¢) Deer {White-footed} Mouse: Toxic signs only on diets containing > $.1% DDT; at 0.2 and 0.4% in diet
tfremors developed on 3rd day of exposure which disappeared on 5th day and did not return during
30 day test period.

2) Pharmacological, pharmacodynamic, physiological, etc,, higher animals:

a) Mode of entry: Gastrointestinal, pulmonary (in case of aerosols, dusts, mists), via skin {if in solution 89,2348
or emulsion). Gastrointestinal absorption is enhanced by presence of fats and oils of whatever source. 840,2895

b} Effect on skin: No primary irritation; irritation due to diluents and solvents is possible. Sensitization 89,840
is confirmed by some, denied by others. Non-carcinogenic in tests on mice of strain “*C.** 872,221

¢) Distribution in body after entry: Wide distribution in tissues and organs. Rat, 5 hrs after 500 mg/k, 1935
oral: pg/100¢ in liver 600; spleen 600; heart 600; brain 500; adrenals 4000; kidney 500; lung 700; blood 2939
2000, Goat, after 3 (500 mg/k)} doses in oil, 4 days after last dose: meg/ 100g in fat (omentum) 1121; 3069
lymph nodes {(mesenteric) 307; adrenal 288; heart 267; thymus 163; testis 41; liver 35; kidney 21.5; spleen
18; spinal cord 17; brain 15.5; lung 14.

(1) Passes the placental barrier (goat), to affect the foetus, if present in sufficient concentration.

d) Accumulation in body: Accumaulates in body fat and in such lipid rich materials as egg yolk, milk, etc. 3361
Tf exposure is confinuous, tends to reach in the body fat a steady plateau balanced by a slow, steady 3363
elimination, 3358
{1} ¢ rat stores more than . 1879
(2) Storage noted (dog) at 1 ppm in the diet. 1930
{3) Stored in human faf in subjects exposed to DDT, 1406
{4) Fat levels may be high in animals without any toxic signs. 380
(5) 50% of DDT content of body fat is reported to be as DDE, 2,2-bis-(p-chlorophenyl)-1,1-dichloro- 1926.89

ethylene. 56,2462

e) Excrefion: Largely via kidney, but not as DDT per se; in part as the metabolite di-{p-chloro- 3292,2399, 1927,2347

phenyll-acetic acid (DDA), excreted also after administration of DDE, 2,2-bis-(p-chlorophenyl)-  1736,2806,3361

1,1-dichloroethylene, which may thus be a metabolic intermediate. 3068,234,1929
{1) Rzbbits, rats, man: Bulk of excretion, after single dose, in first 5-6 days contiruing in < degree 2896,1927
for 10 days or more; 1.8-5.1% of total dose is excreted, with 10% recoverable, in urine, feces. 3068,1929
In repeated exposure, only a small amount is steadily excreted as DPA; the bulk is stored, to be 234,3361
gradually lost as DDA after end of exposure. 2539,89

(2) Present in bile, in milk, in eggs.
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) Site of principal pharmacodynamic action: Principal action is on the central nervous gystem, and is 2497,2207
manifested as: Apprehension, excitement, hyperreflexia, locomotor disturbances, muscle tremors, 244,851
and finally, tonic and clonic convulsions, 89
(1) Definite effect upon the cerebellum; electroencephalogram similar to that in human ‘Grand Mal’, is 640

noted in cats and monkeys. Degenerative changes are demonstrable in the cerebellar tissue structure. 1455
2520

{2)In Frog: Action antagonized by curare. Section of nerve abolished tremors peripheral to site of section. 3129
Section of posterior spinal root afferents did not abolish motor effect. Section of spinal cord caudad to 845

—

g

h)

i)

D)

bulb did not prevent hyperreflexia, tremors, Application directly to brain and cord induced tremors
and motor effects, Thus the effect was not on muscle tissue proper. Facilitated synaptic transmission.

(3} Effect on mammalian nerve is veratrine-like. 955

Other efiects:

(1)Kidney: No evidence of deleterious effect on organ function. 2348,2207,1736

(2) Liver: Some distinct effects noted viz., mobilization of hepatic glycogen (rat):; depression of 1934,16%78
lactic acid formation by liver slices of DDT treated subjects (rat); alterations in oxXygen uptake, 1931,2207
both up and down, are reported; increased lipid content of liver. No change reported in liver 2647,2739
excretion of total or inorganic sulfate, creatine, or creatinine. 2348

(3} Biochemical: Increase in total oxygen uptake has been reported, No increase in uptake of oxygen by 2647
isolated muscle (frog, sartorius) or muscle breis (rat). 1736

(4) Effect on enzyme systems: No effect on aldolase, adenosine triphosphatase, choline oxidase, succinic 1736
oxidase, pyruvic oxidase, lactic or malic dehydrogenase, triose phosphate dehydrogenase, creatine 2001

phosphokinase or phosphorylating systems at 5 x 107*M concentration. Increase reported in chicken
plasma choline esterase activity with repeated daily subcutaneous dosage,

Pathological: [ Refs.: 89,1931,1017,3360,2359,2348,2349,450,2896,1995.1994,1930,452,221,3199,851,1221]

(1) The prineipal pathological findings in experimental DDT poisonings {primarily in rats, rabbits,) are
liver changes. These changes may be generalized as: Centrolobular hypertrophy, flight of cytoplasmic
granules to the cell margin, fatty infiltration and degenerative changes, Hepatic cell necrosis is as-
sociated, in all animals, only with elevated DDT dosage. A hepatic ‘‘tumorogenic’® tendency has been
ascribed to DDT on the basis of several studies,

{2) Changes in the kidney have been described: Swelling of tubular epithelial cells with heavy fat 840,2348
content, swelling of collecting tubules of the nephrons, glomerular congestion, slight tubular 2349, 450
degeneration and necrosis, diffuse degenerative changes. 1944

(3) Focal necrosis, moderate cardiac muscle fiber fatty degeneration, slight sub-endothelial 840,450
hemorrhage in the heart have been remarked. 1994,2420

(4) Skeletal muscle focal necrosis has been noted in rabbits. 840,2359,1995

450,2349

(5) Changes in the CNS: Changes in the cell bodies of spinal cord neurons have been reported. 2348,2349,1995
Cerebral and cerebellar effects have been noted. However, the CNS pathology is neither 1994,450
highly specific, characteristic, or severe. 2518,1455

(6) Pathological change of greater or lesser degree is reported for the lungs, gastrointestinal  450,1994,840,2359
tract, adrenal gland, thyroid gland and gonads. 2420,3360,398,1017

Symptomatology of DDT poisoning in man; [Refs.: £9,580,2066,2313,3088,1117,1739,1528,1053,867,3296,453,

1532,3199,851,1221,1821,2350}

(1) Acute intoxication: Onset in 30 minutes {20g dose), but usually 2-3 hrs or >, accompanied by paresthesia
of tongue, lips, face, and, in extreme cases, arms, legs.

(2) Onset signs followed by: Sense of apprehension, equilibrium disturbances, vertigo, mental confusion
and, above all, muscular tremors; convulsions, and hand paresis in severe cases, Generalized symptoms
include: Malaise, fatigue, headache.

(3) Prompt vomiting may attend large doses, Delayed vomiting and/or diarrhoea are known.

{4) During stage of severe symptoms there is pupillary dilation, but reaction to light is usually normal, and
nystagmus absent.

(5) Paresthetic areas show exaggerated sensitivity to touch and pain; proprioreception and vibratory sen-
sation of fingers may be lost. Coordination tends to be poor, but reflexes, save after massive doses,
remain normal,

(6) Pulse irregular, and/or slowed, Blood pressure and temperature remain normal,

(7) Jaundice has been reported by one investigator.

(8) Recovery, save in very serious cases, is usually advanced or complete in 24 hours, Residual weakness
of hands after heavy doses has persisted after 5 weeks.

{9)In the case of poisoning, or alleged poisoning, with insecticide formulations of DDT the picture may be
greatly complicated or obscured by the presence of solvents or other agents in themselves toxic or
highly irritating,

{10) Results obtained with human volunteer:

(a) Exposure (inhalation) to 1 mg DDT/1000 ft*, 1 hr/day for 6 days gave no untoward effects. 2350

(b) 500 mg in olive oil, oral, gave no toxic effect.

(c}11 mg/k (770 mg, total) pure DDT in 25cc olve oil gave no subjective signs, tremor, twitching or

abnormalities of electroencephalogram. (N,B, 11 mg/k = Xth the LD, for rat, oral.)

(d) DDA excretion, with maximum on 2nd day, rapid decline on 3rd and 4th days, then gradual decline,
General Summary: 2350
(1)Massive doses yield the neurologic syndrome with initial hyper-excitibility, nervousness, eyelid

twitching, progressing to severe and general tremors giving way to tonic-clonic convulsions, followed

by twitchings and convuisions more prolonged, and attended by difficulties of breathing. Abrupt
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culmination of the convulsive phase leaves animal exhausted and motionless. The sequence may be
repeated before resolving to final, continuous and severe tremor, with coma preceding death, This
general sequence was noied, with minor variations, in all 12 tested species of higher animals. Mechan-
ical stimulus and noise will elicit the sequence; to this extent the action is strychnine-like.
{a) Ingestion of 100 mg/k for 2 wks-5mos gave coarse tremors, resolving on withdrawal.
(b) At 150-200 mg/k/day for 2 wks-5 mos gave severe symptoms, viz. exaggerated tremor, stretch-
reflex and placing reaction; gait aberration. These also disappeared on discontinuance.
(2) Variables: Physical state of DDT, route, vehicle, maturity and nutritional state of subject, for example:
{a) DDT in oil, oral, to Cat, Rabbit, may not produce symptoms for 60 minutes, the LD;, being up to
300 mg/k; intravenous in olive oil and lecithin at 40-50 mg/k, symptoms in 10 minutes, death in
1 hour.
(b) Even in elevated dose, such vehicles as gum acacia may slow symptom onset.
(3)In chronic, sub-acute dosage, for example in the dog, effects such as hemoglobin decline with hypo-
chromic anemia reflect a dietary cause due to prolonged appetite loss and inadequate food intake in the
periods of tremor and convulsion.

3) Phytotoxicity:

a) The phytotoxic hazard, under usual conditions of use, proper application and formulation, is not high.
Toxicity to various Curcurbitaceae, young tomato plants and bean plants, at normal field dosages has been
definitely established, Reported to be absorbed and translocated in plants when applied in lanolin and
polyethylene glycol,

{1) In solution culture tests on cotton seedlings, DDT and other compounds:

Insecticide % Plants Damaged Beyond Recovery At Concentrations Of
1:100 1:1000 1:10,000 1:100,000 1:1,000,000

DT 0 ¢ G 0 0
Copper aceto-arsenite 100 100 100 38.47 9
Tricalcium arsenite 53.85 76.93 9.1 (i 0
L.ead arsenate 100 100 33.3 a 0
0
0

Arsenomethane As-1,2-sulfide 100 70 12 10
Chloro- ™ n 100 100 100 (]
Control 0 0 0 1] 0

(2)}In irrigation waters: DDT, used to kili Anopheline mosquitoes, in rice-field irrigation waters at 1 ppm
DDT in emulsion formulation, is reported to do no harm to rice plants,
b) DDT in the so0il; accumalation; hazard:

129
2120
353

894

3341
246

(1) Not toxic in the soil to soil bacteria, fungi or nitrifying organisms. 358,357

(2) Roots of some plants {for example, tomato, cucumber, squash, spinach, snap-beans, strawberries, and
varieties of rye} were injured by excess DDT in soil,. Deeply rooted plants such as trees and shrubs,
escaped injury; shallow rooted plants are unable to root below the zone of toxic accumulation in soil.

{3) Little effect on germination in seeds of susceptible plants, but high sensitivity after sprouting. Species
and varieties vary widely in tolerance.

{4) Large quantities tend to accumulate in apple orchard soils but relatively small amounts in potato-fields;
most is found in soil layers at plow and cultivation depths. DDT-tolerant plants have been suggested for
use on soils of uprooted orchards subjected to long DDT treatment,

(5)In field tests, using soil cylinders, snap-beans, Abruzzi rye were severely stunted by purified and
technical DDT at 200 lbs/acre in various mineral soils. Much less phytotoxic, at same rate, in peat
soils,

(6) In greenhouse tests with Black Valentine bean seedlings, DDT, at 10 ppm in nutrient solutions induced
significant reduction of root growth in 10 days; purified DDT at 10 ppm completely suppressed root
growth. At concentrations of < 10 ppm lateral rootlets were curtailed. Soluble phosphate in treated
plants was ca. 50% that in untreated plants.

{a) Strong base anion exchange resins reduce the phytotoxicity. Wood and bone activated carbon proved
effective in DDT adsorption and phytotoxicity reduction,

(7) Stability in soil: Persistent; decomposed at rate of 5% per year. At 25 Ibs/acre, still effective 5 yrs.
Tater, vs. Popillia japonica larvae.

{a) Tends to remain in surface soils. At 3000 lbs/acre on undisturbed soils under large apple trees:
No efiect: at 50 lbs/acre among woody nursery plants: No effect. Accumulation tendency in soil is
strong.
(b) Established peach trees tolerate accumulation; seedlings damaged at 100 lbs/acre or more.
(¢} Corn, wheat, barley, oats and cereals generally {save rye) proved tolerant even to 100-400 lbs/acre
in soil; rye (Abruzzi, Rosen varieties) was sensitive to 50-100 Ibs/acre and 25 lbs/acre was sometimes
harmful, Orchard rye, as cover crop, may be interfered with by accumulation after 4-5 years under
heavy spray schedules,
{d) Potato, cabbage, broccoli, collard, turnip, tolerated to 400 lbs/acre, tobacco tolerated to 100 lbs/
acre at least; cotton, soybean, peanut proved more sensitive. Some legumes were affected at 25-
50 Ibs/acre; spinach, beet, tomato are highly sensitive and are damaged at 25 lbs/acre; summer
squash is highly sensitive, as is pumpkin; cucumbers are moderately sensitive, muskmelon fairly
tolerant; strawberries range from highly to extremely sensitive,
{e) Not phytotoxic to tobacco following a pre-sowing spray of seedbeds at 27 lbs tech. DDT/acre or
after application at 75 Ibs tech. DDT/acre to 3 weeks old tobacco seedlings.

1178
294

1178
294
1178

3001

3091

294

123



(8) Soil type and phytotoxicity: Acid, “‘mucky®’ soils minimize toxicity for plants injured by similar amounts

17. 2,2-BIS-(p-CHLOROPHENYL)-1,1,1-TRICHLOROETHANE

on “mineral” soils. Light, sandy soils, low in silt, clay and organic matier, maximize injury for sensi-

tive plants, Injury is diminished on “‘loamy’’ and ‘‘clayey,”’ soils for instance, bush squash on muck
showed slight harm at 400 lbs/acre; on mineral soils showed serious harm at 400 lbs/acre.

4} Residues, residue hazards:

a) Penetration of DDT info treated plant parts is reported for: Apple foliage and fruit, avocado foliage and
fruit, citrus foliage, peach and pear fruits, coffee plants, potato foliage (various formulations used).

b) Tolerance limits of T ppm are recommended in Great Britain. California, by law, limits residues on dried
fruits and vegetables to not more than 0.049 grain DDT/lb. Commercial brushing and washing removes up
to 50% of the residues on fruits and vegetables.

~

¢) Residue half-life:

On

Alfalfa

Citrus foliage
Citrus peel
Clover
Lettuce
Peach fruit
Peach foliage

Initial (ppm)

13
35
40
280
80
8.6
290

14 day (ppm)  Half-life. (days) Tolerance (ppm)

5 [ _

bAoA 39 -

25 26 T

125 i2 —
1.3 2 7

6 28 T

125 12 —

d) For methods of determining residues consuit Ref. 3198,

5) Toxicity for insects and Other arthropods:

a) DDT has been tested against so many insects of agricultural, household, and public health importance that
any list is incomplete and out of date. The following list {after 1059] serves to give an idea of the range
of effectiveness of DDT, ( *Denotes forms against which DDT is reported ineffective.}

Apple aphid

Apple blossom weevil
Apple sawily*
Argentine ant
Bedbug

Blister beetle

Black aphid*

Black scale

Body lice

Book lice

Bud moth

Cabbage caterpillars
Cabbage root flies
California red scale*
Carpet beetle

Carrot fly

Chafer beetle
Cherry fruit fly
Chiggers

Chinch bug

Citrus thrips
Cockroaches

Codling moth

Corn earworm

b) Quantitative:

Ingect

Addes aegypti (adult &)

AZdes 2egypti (adult @)

AZdes aegypti (larva)

Afdes aegypti (larva 3rd I}

AZdes aegypti (pupa)

Ades aegypti ( " )}

ABdes dorsalis {larva)

ABdes dorsalis (papa)

A8des dorsalis (larva)

AZdes vexans (larva)

Addes nigromaculis (4th I farva)
AZdes aegypli (adult)

Anopheles quadrimaculatus (adult) &
Anopheles guadrimaculatus ( " )¢
Anopheles guadrimaculatus {adult) &
Anopheles quadrimaculatus { " )9
Anopheles aadrimaculatus {larva)}
Anopheles quadrimaculatus {larva)
Agrofis orihogonia {larva)

Route

Contact Spray
Contact Spray
Medixm
Medium
Medium
Medium
Medium
Medivm
Medium
Medium
Medium

Topical
Topical
Topical
Topical
Medium
Medium
Contact Spray

Cotton bollweevil*
Cotton bollworm
Cotton leafworm®*
Crab lice
Crickets
Cucumber beetle
Corn borer

Dog fleas

Dog lice

Fall cankerworm
Fungus gnats
Grain moths
Gypsy moth

Head lice

Hog lice

Hornets

Horn flies

House flies
Human fleas
Mites (animal)
Japanese beeile
Leaf hoppers
Mexican bean heetle*

Mosquitoes
Dose Dasage

LDss 5.5(4,5-5.5) /g
LDso 8.0(7.5-8.5) pa/g
LCso-LCi00 0.001-9,0015 ppm
LCioo 48 hrs  0.05 ppm
LCsc 48 hrs 25 ppm
LCio0 24 hrs 230 ppm
LCg 24 hrs 1 ppm
LCs 24 hrs 1 ppm
LCiw 24 hrs 1 ppm
LCioo 24 hrs 1 ppm
LCso 24 hrs  0.0588 ppm
LiDss 5 Tug/g
LDso .02 ug/insect
LDso 0,066 pg/insect
LDsa 0,045 pg/insect
LDaa 0,13 pg/insect
LCiao 48 hr 0.03 ppm
MLCi00 0.01 ppm
LDepositse 80 ug/cm®

Orchard mites*
Oriental fruit moth
Pharaoh’s ant*

Pea aphid

Poultry lice

Red spiders*

Sand flies

Silver fish
Sputhern armyworm
Spittle bugs
Spiders*

Squash bugs

Stable flies
Tarnished plant bug
Termiies

Ticks

Tobacco moth
Tomato fruitworm
Tomato hornworm
Tsetse flies
Warble flies

Wasps
White-fringed beetle
Wooly Aphis*

Remarks

As 0,3% DDT w/v in odorless stillate; maximum LDso,
" " "

"

Mortality as shewn in 48 hrs,
Pure DDT (colloidal) in water.

Laharatory tests at T5°F.
™ "
DDT-R hiotypes, Sar Joaquin Valley, California.

Pure p,p' -DDT in ethanol solution,
" " "

"

10 n "

66% mortality at 0.005 ppm,

97

294

1298

1298
128

1298

693
693
476
1176
1176
1176
2282
2282
2283
2283
1193
636
2051
2051
2051
2051
4176
2020
350
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b) Quantitative:
Insect

Anthonomus grandis (adult}
Apis meliifera (adult)

Apis mellifera (adult)

Apis mellifera (aduls)

Apis mellifera (adult)

Apls mellifera { " )

Apis mellifera { "
Apis mellifera {
Apis mellifera { "
Apis mellifera ( "
Apis mellifera (
Apis mellifera (
Apis mellifera {
Apis mellifera ( "
Apis mellifera (
‘Apis mellifera ( "
Apis indica (hive)
Blaftella germanica (adult)
Blattella germanica ( " }
Blattella germanica ( " )}
Blattellz germanica { " )

Blaitella germanica { }
Blattella germanica { )
Blattella germanica ( )
Calandra granaria ( " )
)
)
}

+0 1040

Calangra granaria (
Calandra granaria [ "
Calandra granaria ( "
Calliphora vomitoria (adult)
Canrasius morosus

Chaoborus punctipennis {larva)
Chaoborus punctipennis {pupa)

Choristoneura fumiferana (larva)

Chrysops discalis {adult)
Chrysops discalis { " )
Cimex lectularius { " }
Cimex lectularius { " )
Cimex lectularius { * )
Cimex lectularius { "

Cirphis unipuncta {3rd instar larva)

Cirphis unipuncta (larva)
Cirphis enipuncta { " )
Culex pyrenaicus { ™

)
Culex tarsalis {4th instar larva)

Dacus dorsalis (adult)

Diataraxia oleracea {(larva) final I
Dintaraxia oleraces "

Diataraxia oleracea { "
Diataraxiz oleracea ( "
Diataraxia oleracea { "
Diataraxia oleraces (
Diataraxia oleracea { "
Diataraxia oleracea { "
Diataraxia oleracea {
Ephestia kiihniella
Faonia canicularis {adult) @
Fannia canicularis { " )&
Galleria mellonella {larva)
Galleria mellonella [ " )

"

I

e e o o o o e

Galieria mellonella ( " }
Galleria mellonella ( "}
Heliothis ononis [

Heliothis virescens (larva, 6th instar)
Heliothis zea (larva, 6th instar)
Locusta migratoria migratorioides

"

"

"

'

i

(aduit)

Locusta migratoria migratorioides

(adult)

Melanoplus differentizlis {(adult)

Melanoplus differentialis [ " )
Melanoplus differentialis ( " )

Melanoplus differentialis { "
Muysca domestica (larva)

Musca domestica ( " )

Musca domestica {aduit)

Musca domestica { "
Musca domestica { "
Musca domestica { '
Musca domestica { "
Musca domestica { "
Musca domestica ( "
Musca domestica { "
Musca domestiea { ™
Musca domestica { "
Musca domestica ( *'
Musea domestica { '
Musca domestica { "
Musca domestica { "
Musca domestica [ ™

e et N el ot ek e i et et ot ot et
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Route

Residue, or

or

Topical

Topical

or

or

inj

inj

Contact Spray

Contact Spray

Contact Spray

Residual Spray

Residual Spray

or

or

or

or

Residual Dust

Contact Spray

Contaci Dust

Environmental
Dust

Topical

Topical

Topical

Residual Film

Residual Film

Residual Film

Residual Film

Topical

inj

Medium

Medium

Contact Spray

Topical

Topical

Contact Spray

Contact Spray

Contact Spray

Contact Dusts

Direct Dust

Topical

or

Medium
Medium
Topical
Contact Spray
Contact Spray
Contact Spray
Contact Spray
Contact Spray
or

or

or

Medium
Topical
Topical

or

or

inj

inj

Contaet Spray
Topical
Topical

Topical

Topical
Topical

ar

ar

or

Medium
Medium
Contact Spray
Space Spray
Space Spray
Space Spray
Topical
Topical
Topical
Topical
Topical
Tapical
Topical
Topical
Topical
Topical
Topical

Dose

LCss

LDso

LDso

LDy

LDso

LDos

LDso

LDos

LCso

LCso

LCss

LCio0 24 hr
LCyo0 D days
LI%g 72 hrs
LDso 72 hrs
LDgs 72 hrs
LDos T days
D0 4 days
LDepositso
LDepositse

LDepositso

LD 48 hrs

LDsg 48 hrs

LDss 48 hrs

LCso 120 hrs

LiCes 120 hr

EDsa

EDgs

LDso

I—IDSD

MLC

MLC

LDeposits

LDso

LDgo

LCso

LCso

L'DEU

LCis 24 hr

LDepositso
48 hrs

LDso

I—‘DMB

MLC

LCso 24 hr

LDso

LDso

LDso

I—‘DEU

LD.’IU

LDss

LDso

LDsn

LDso

LCsa

LDsa 24 hrs

LDy 24 hrs

IDE[}

LDgs

LD!O

LDSO

LDepositsa

Lo

LDso

LDgo § days

LDgs 5 days
LD!D
LDsu
LD;o
LDgs
LCs
LCso
LCsq 24 hrs
LCso 24 hrs
LCs 24 hrs
LCss
LDso 24 hrs
LD 24 hrs
LDso 24 hrs
LDse 24 hrs
LDse 24 hrs
LDy
LD
LDg
LDsgp
LDso
LDso

Dosage

9,1 lbs/acre

4,6 pg/bee

114 pg/e

224 ug/g

17pg/g

14,6 ug/g

0.2pg/g

400 g/g

0,1 g/100ce

0.16 g/100ce

0.39 g/100cc

1%

0.5%

5.4 mg x10™Ybee
9.1 mg x 10" ¥bee
25.0 mg x 107 %bee
0.65%

25 ug/insect, 217 /e

40 ug/em®
16 pz/em®

2,5 pg/em®

13.5 pg/insect
25,0 pg/insect
19.0 pg/insect
2,67 x 10 M/cc
12,76 x 107" M/cc

Remarks

As dust applied to food piant befotre exposure,
As colloidal DDT in syrup.

As dispersible powder, Gesarol E,

" "

Gesarpl E spray,
"

In sugar, hoaey as suspension,

" "

" "

DDT in # oz honey fed daily to hive.
Insects entering dusted area at will.

Normal, non-R biotype.

DDT-R biotype; degree resistance 1.9.
Chlordane-R biotype; degree resistance 1,4,
0il films,

01l films.

1.05 mg/cc As oil sprays on filter paper.

8.61 mg/ce " "

9-28 pg/E In kerosene solution.

60 g/ g H,0-0il sol, DDT emulsion,

13 pugfee

26 pg/ee

0.3 ng/em®

20 ug/fly

250 pg/fly

0.5% In P31 oil, spray deposited at 0,36 mg/cm’,
0.56% " " i

0.25 ug/insect, 63 yg/g

5-10% DDT in kaolin.

0,33 hg/em’ st in pyrophyllite applied to insects, food.
193 pg/g Ratio to parathion = 52,2; LDse: Llge = 3.4,
45,7 g/ g " 18,3; ratio LDy LDy = 22.8.
C.1mg/cc

0.111 ppm DDT-R biotypes, San Joaquin Valley, California.
0.23 pg/fly

0,47 yg/larva Body weight of larva 0.24 g.

1.6 yg/larva " 0.34 g.

4.1pg/larva b 0.44 g.

8.7 ug/larva " 0.54 g.

24,0 pp/larva " 0.71 g.

4.5 ug/larva " 0,32 g; on leaves.

12,0 pg/larva H 0.42 o

33,0 ug/larva " 0.56 g; "

860 ppm Mixed with stored cereals,

2.80 pg/1ly Av, wgt 7.35 mg; measured drop method; in acetone.
1.3 ug/fly “ 65.89 mg; " "
1512/

991 g/

4.2 g/ g

210 g/

7 pg/em’

6.5 mg/g 250-450 mg. body wgt; in methylethyl ketone.
3.0 mg/g " n "

140.0 pg/locust + 7.6; 133 g/

In tractor oil + cyclohexanone 9:1,

258.0+ 18.6 ug/locust; 245 ug/g " v

0330 pe/g
>1350; 2579 pe/g
1170 pg/g
>50ug/E

700 ppm

Solution in organic solvents.
As deposit on leaves,

As colloidal suspension; directly applied to mouthparts,

Mixed in the rearing medium.

2300 (1600-3300) pprn =~ Measured as % emergence compared to controls.

0.35 mg/ce
0.361+ .037 mg/ce
0,24 mg/cc
0.788 mg/ce
0.033 pg/fly
0.02 pg/ fly
0.5 ug/fly
0.7 e/ ily
10.0 pg/Tly
7.4 ug/fly
0,05 ug/fly
0.5 g/ fly
2.5 ug/fly
0,12 pe/fly
8.3 ug/ily

KD 10 min = 0 at LCsp; turntable-Peet-Grady method.
Asg kerosene space spray.
Mean LCsg; Campbell's Turntabie Method,
Turntable Method.
Acetone sol,; measured drop method,
BDT-non R biotype; measured drop method,
DDT-R biotypes, Riverside and Ontario,
DI'P-R biotype, San José .
DDT-R biotype, Bellflower.
" ,» Berkeley.
" , Laton.
" » Super Laton.
DDT-non R biotype, Laboratory.
DDT-R biotype, Bellflower.

2276
910
206
206
206
206
206
206

3247

3247

3247

3247

3247

3247

3247

3247

3247

2181
356

2357

2357
1012
1012
1012
2998
2008
2098
2998
3007
846
2018
2018
350
2707
2707
418,414
413
413
413

288
3268
3268
2742
1193
2692
3245
3245
3245
3245
3245
3245
3245
3245

353
1981
1981

208

206

208

206

350
1124
1124

1585

1585
3287
3267
3267
1758
351
666
2033
2365
2364
1156
1981,2692
8
78
78
78
1591
1561
1581
1591
1803
1803



Insect

Musca domestica {adult) @
Musca domestica (adult,newly emerged) Topical
Musca domestica {adult mature)
Musca domestica (adult @ )

Musca domestica (

a)

Mugsca domestica (adult)

Musca domestica (adult)

Musca domestica ( 7 )

Musca domestica ( " ) DDT-I
Musca demestica ( " ) DDT-W
Musca domestica { " ) DDT-II
Musca domestica { '* ) Methoxy-1
Musca domestica ( " ) Lindane-T
Musca domestica { "} Multi-T
Musca domestica { ' )} Dieldrin-I
Musca domestica { " ) Chlordane-I
Musca domestica ( " ) Pyro-I
Musca domestica { " )} Multi-IIF
Musca domestica ( " ) Multi-IV
Musca domestica { " ) Multi-II

Musca domestica {
Musca domestica {
Musca domestica (

) Orlande Spec.
) Beliflower
) Laboratory

Musca domestica ( ** ) Non-R
Musca domestica ( "' ) Orlando-1
Musca domestica ( ' ) LDD
Musca domestica { " ) Ballard

Oncopeltus fasciatus
Oncopeltus fasciatus
Oneopeltus fasciatus
Oncopeltus fasciatus
Oncopeltus fasciatus & @

Oncopeltus fasciatus & ¢

Oncopeltus fasciates (adult § )

Oncopeltus fasciatus ( " "y
Oncopeltus fasciatus { ™ "y
Oncopeltus fasciatus { ™ ")
Pediculus humanus corporis

Pediculus humanus corporis

Pediculus humanus corporis

Periplaneta americana
Periplaneta americana
Periplaneta americana
Periplaneta americana
Periplaneta americana
Periplaneta americana
Periplaneta americana
Periplaneta americangy
Periplaneta americana
Periplaneta americana
Periplaneta americana
Periplaneta americana

IO QIO G0 g 0 G 0
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Route

Topical

Topical
Topical
Topical
Topical
Topical
Topical
Topical
Topical
Topical
Topical
Topical
Topical
Topical
Topical
Topiecal
Topical
Topical
Topical
Residues
Residues
Residues
Residues
Residues
Residues
Residues
Topical
Topical
or

or
Dipping
Dipping
inj

inj

inj

inj

Contact Spray
Contact Spray
Contact Dust
Contact Dust
inj

inj

inj

inj

inj

inj

inj

inj

inj (intra-abd.)
inj ( o)
inj ( ")

Periplaneta americana (adult Topical
Periplaneta americana ( " Topical
Periplanetz americana { ™ Injecticn
Periplaneta americana { ™ Injection
Periplaneta americana (adult) inj
Periplaneta americana ( ™ ) Topical
Periplaneiz americana ( " ) Contact Spray
Popillia japonica Topical
Popillia japonica Topical
Popillia japonica ar
Popillia japonica or
Popillia japonica inj
Popillia japonica inj
Prodenia eridania (large larvae) or
Protoparce sexta (larva, 5th instar) Topical
Protoparce sexta (larva, drd, 4thinstar} Topircal
Protoparce sexta { " ) Topical
Protoparce sexta { " 2nd,3rd " )} Topical
Protoparce sexta ( " } Topical
Protoparce sexta (larva, Sth instar) ar
Protoparce sexta { " ) or
Protoparce sexta ( "  2nd, 3rdinstar} or
Protoparce sexta ( " ) or
Simulium damnosum (larva) Medium
Sitophilus granarius Medium
Sitophilus granarius (adult) Dry Residues
Sitophilus granarius { " ) Qil Film
Residues
Sitophilus granarius { " ) "
Sitophilus granarius ( ™ ) m
Sitophilus granarius { " ) "
Tribolium confusum Medium

Tribolium castaneum (adult)
Tribolium castaneum ( " )
Theobaldia longeareoiata {larva)
Drosophila melanogaster (adult)
Drosophila melanogaster { " )
Drosophila melanogaster { " )

Contact Spray
Contact Spray
Medium

Contact Spray
Contact Spray
Contact Spray

Dose

LDsq

LDsgy

LDso

LDgo

LDso

Lidso

LI%s 24 hrs
LDs 24 hrs
EDs 24 hrs
LDy 24 hrs
LDsg 24 hrs
LDy 24 hrs
LDgp 24 hrs
LDsp 24 hrs
LDsg 24 hrs
LDso 24 hrs
LD 24 hrs
1.Dss 24 hrs
LDysp 24 hrs
LDyso 24 hrs
LTimeqo
LTimers
LTimere
LTimeso
LTimeso
LTimes
LTimeso
Lo

LDgs

LDy

LDys

1Dy

LDsa

EDs 24 hrs

EDso 48 hrs

1Dgs 24 tirs
LDgs 48 hrs
LCsa

LDge

LCros 24 hrs
LD+ 10 days
LDse 896 hrs

LDgn 96 hrs

Lo
]-lD5O
LDse
LDso
LDsg & days
LDsp 5 days
LDs 5 days
LDs 5 days
LDso
LDs
MLC
LDso
LDes
LDso
LDygs
LDSI)
LDy

Bosage
12.3 ug/fly

8.96 /g
13,040.1 g/g
505.5 pg/g
1350,0 ug/g
19.2 g/

18,2 ug/g
18,728.0 ug/g
15.1pg/g

16.2 ug/g

34.7 8/
135.1 g/ g
18,8 g/

20,0 pg/g

230 minutes
184 minutes
3.2 minutes
9.0 minutes
ca 1440 minutes
2> 240 minutes
343.4 minutes
409 pg/g
B280 ug/g

301 /g

1966 /g

10 ug/cc

37 ug/ce
/e

11 pg/g
1043 g/
437 pg/'g
0.3%

Remarks

DDT-R biotype, Orlando.
In acetone solution,

"kerosene " .
“kerosene " .

NAIDM DDT-non R biotype Lab, I in acetone.

U, of indiana DDT-non R biotype Lab II in acetone,

DDT-R; arigin Lab I, 21 generations selection.

" Field, 3 yrs exposure in fleld to DDT.

" " " "

4 yrs

Methoxychlor-R; origin Lab [; 21 gen. selection.

Lindane-R; origin Lab I; 21 gen, selection.

Multi-insecticide R; origin DDT [; 8 gen. further selection.

Dieldrin-R; origin Lab I; 21 gen. selection.

Chlordane-R; "

Pyrethrin-R; " - " -
Multi-insecticide R; origin Methoxy-I 8 gen. selection.
" " 4 "

" " 4 "

Residues at 25 mg/ttz; DDT-R biotype.
™ ; DDT-non R biotype.

DDT-R hictype.
"

"

DDT-non R biotype; unselected.
Selected 17 generations vs, DDT.

Calculated from regression equations, 3 replicates,

insects.
" "

" i

n "

In P31 oil; spray deposited at 0,36 mg/em”.

0,054 yg/insect; 27 ug/g

5-10%

a7 pg/insect; 36 ug/g

4.512/g

20,0 g/
2uglg

10 g/

Bug/g

20 ug/g

20pe/g

40 pe/'g
5-8pg/g

18 ug/g

82 ug/g

5-10 pg/insect
75-100 pg/insect
2-3 ug/insect
20-25 pg/insect
20 ug/g

10ug/g
0.01mg/cc

93 pg/g

549 g/

205 ug/g

1120 pg/'s

162 g/

679 ng/g

31 /g

T3 4000 pg/larva
2344 pp/larva
9897 ug/larva
366 pg/larva
1342 pg/larva
4416 pg/larva
28,040 pg/larva
15,8 ug/larva
1125 pg/larva
0.1 ppm

16 ppm

DDT in kzoiin,
Entering treated area at will.
In xylene, acetone, decbase, ethanol 10:10:T5:5.
" " "

Av. wgt 0.9 (0.7-1.15)g.
" 1.3 {1.0-1.9)g.

In acetone solution.
Lecithin-peanut oil emulsion,
In peanut oil,
In dioxane; at 15°C post-treatment.
In dioxane; at 35°C post-treatment,
" 15°¢ "
" 35°C "
In water-oil emulsion.
In acetone soluticn.
In water suspension,

By the leal sandwich method.
Av, wgt, larva 5.4 (4.1-7.5)g.
" 2.5(1.2-4.0)g.
" 0,9(0.6-1,1)g.
" 5.4 (4.1-7.5)g,
" 6.9{0.6-1.1)g.

As xXylene + triton emulsion in flowing stream.
Mixed with stored grain.

"

0.1E mg/T cm diametier filter paper Deposited on paper from acetone.

95 hrs 0.4 mg/ce

96 hrs 0,81 mg/cc
96 hrs 4,74 mg/cc

In P31 oil deposited + diffused on filter paper.

" "

96 hrs 2,66 (2.06-3.43}mg/cec " "

16 ppm
0.95% w/v
0.36% w/v
0,02mg/ce
0,088 mg/1
0,176 mg/1
0,304 mg/1

Mixed with stored dry grain,

In Wakefield half-white oil; at 80°F post-treatment.
n

85°F "
In water environment of larvae.
Wild biotype sprayed with 0.015% suspension,
Exposed to DDT sprayings.
Exposed to DDT; selected for 6 generations.

5700

99

1803
3097
3007
693
693
896
373
373
373
373
373
373
373
373
373
a7y
373
373
373
373
1863
1803
1803
3320
3320
3320
3320
208
208
206
206
1329
1320

348
348
348
348
418,414
413
413
2181
558
558
2219
2219
2219
2219
2219
2219
3007
3099
Joan
3189
3189
3189
3189
848
3097
2688
208
208
208
208
208
206
3017
1306
1306
1306
1308
1308
1306
1306
1306
1306
958
353
2999

2999
2999
2999
2999

353
2532
2532
2742
3057
3057
3057
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c) Comparative toxicity DDT, and other compounds:

(1) Toxicity of DDT isomers (variation in position of Cl on aromatic rings): 418,646,3288
Isomer As 1% In Refund Kerosene At 1ec/100 ft* Vs, LCs (% Cone. w/v)
Musca domestica Anopheles guadrimaculatus Contact Spray in 0Oil Vs.
KD 10 KD 30 Kill 24 KD 10 KD 30 Kill 24 Pediculus Cimex
min (%)  min (%) hrs (%) min (%) min (%) hrs (%) humanus lechularius
0,0' -DDT a a 1 5 6 15 - * - *
p,p'-DDT 0 14 50 20 63 89 0.3 0.53
o,p' -DDT 0 0 0 6 8 20 5.5 20.0
*Virtually non-toxic for Pediculus, Cimex,
(2) Relative toxicity of DDT-isomers: 2637
Anopheles quadrimaculatus (larva} p,p’ = 1.0, m,p' = 0.5, o,p' = 0.17, o,0' = 0,0013
Musca domestica {adulf) p.p' = L0, m,p' = 0.9, o,p" = 0,018, o,m' = <0.015, o0,0' = <0.01
(3) Comparative toxicity DDT-isomers and isomer combinations, for Anopheles quadrimaculatus, 4th instar 1724
larva:
Isomer/Isomer Average % Mortality At Concentration Shown {ppm)
Combination 000125 0025 .005 0075 01 .02 .03
24hr 48hr 24hr 48hr 24hr 48hr 24 hr 48hr 24 hr 48hr 24 hr 48hr 24 hr 48 hr
p.p' -DDT 4.6 12,9 9.3 15.6 44,7 55.3 — - 94.2 97.4 — - - -
o,p'-DDT - - - - 1.0 35 — - 4,2 10,7 19.0 34.8 40.6 58.6
o,p+pp 31 — - - - 4,0 11.0 15,4 28,3 33.4 57.2 - — - —
o,p" + p.p' 1:1 - — 3.6 12,1 24,3 37.2 51.2 63.8 71.5 84.5 — - — -
o,p’+ p,p' 1:3 0 3.4 2.0 3.9 30.0 41.8 69.6 B80.8 85.0 89.0 — - - —
{(4) DDT, (p,p'-isomer} other compounds vs.4 day old adult Anopheles quadrimaculatus. By topical ap- 2051
plication in ethanol solution:
Insecticide LDso LDgo Relative Effectiveness Compared to DDT
(pg/insect) (ug/insect) Insecticide At LDso At LDgg
k-4 2 o 2 g 2 < 2
p:p -DDT 0.02 0.066 0.045 0.13 Toxaphene 0.13 0.23 0.16 0.26
p,p -DDD .041 .1 .098 .22 Chlerdane 0,18 0.28 0.24 0.28
Methoxychlor (tech) 035 .1 078 .22 p,p'-DDD 49 .66 46 .59
Chlordane .105 .24 .18 .46 Methoxychlor .57 .66 o8 .59
Dieldrin 009 .023 022 .048  p,p’-DDT 1.0 1.0 L0 1.0
Lindane ,0085 .011 032 042 Dieldrin 2.2 2.9 2.0 2.7
Toxaphene .15 .29 .29 .5 Lindane 2.4 6.0 1.4 3.1
Malathion 0087 L0095 019 022 Allethrin 6.9 8.3 3.5 3.2
Allethrin L0028 .008 013 041 Malathion 2.3 7.0 2.4 5.9

{5)DDT and other compounds vs. aduit Aédes aegypti: As contact sprays; DDT and BHC as 06.3% w/v in
1:1 odorless distillate + benzene, pyrethrins as 0,1% w/v in the same solvent:
Maximum LDse{ug/g) DDT = (o) 5.5 (4.5-5.5) { ¢ ) 8.0 (7.5-8.5) BHC = () 3.0, (2) 3.5, pyrethrins =
(<"} 0.5 (0.5-1.0) (¢} 1.0 (1.0-1.5),

(8) DDT and other compounds vs, DDT-R field biotypes (San Joaquin Valley, California); 4th instar larvae, 1193
laboratory tests:

Insecticide LDsg (ppm) For
Aédes nigromaculis Culex tarsalis

DDT 0.0588 g.111
EPN® 000862 000649
NPD .0625 0178
Malathion .025 .0185
(T) DDT and other chlorinated hydrocarbons vs. Agdes dorsalis and ASdes vexang jarvae and pupae. 2283

Laboratory tests at 75°F in distilled water: 2282
Insecticide % Mortality (24 hrs) At

i ppm -5 ppm .2 ppm .1 prm
larvae pupae larvae pupae larvae pupae larvae

DDT 100 6 96.9 30 160 8.2 98
Aldrin 100 75 96.9 304 99 34 95
Dieldrin 100 79 96,9 78 99 63 95
Endrin 100 95 98.9 99 98 61 98
I=odrin 160 78.8 g8 70 97 58 81
Toxaphene 96 93 2.3 91 2.7 84

Control 15.2 2.4 - - — - -



17. 2,2-BIS-{p-CHLOROPHENYL)-1,1,1-TRICHLOROE THANE 101
(8) DDT and organic phosphate insecticides vs. Anopheline mosquito larvae. Laboratory and field tests; 1766
Insecticide Laboratory Field
Anopheles quadrimaculatus 4th instar A. quadrimaculatus, A, crucians
% Mortality, 48 hrs at (ppm} — % Kill, 24 hrs at (los/acre)
0.1 045 0.025 0.0 0.005 0,003 0.001 GO0 025 0.1 00 G0% 0.01 0.005 0.0025 0.001
DDT - - - 100 94 49 24 - - - 99 98 99 98 95 92
Sulfotepp 100 74 T - 85 72 73 63 53 30 -
Parathion 100 96 56 34 - - 97 97 92 99 88 -
EPN® 100 96 32 - - - 95 96 96 95 92 91
Methyl parathion 100 67 - - - 100 98 83 69 51 50 -
Chlorthion analogue* 100 96 86 82 62 44 - 99 72 8 49 30 - -
Malathion 100 98 80 80 60 40 24 90 78 79 68 60 - - -
EPN analogue** 100 70 80 4 - - 99 80 88 75 70 69 7t
Diazinon 100 38 20 - - - 97 97 9 58 65 55 53
Para-oxon 100 82 50 - - - - 90 T 54 46 45 49 31
Bayer 21/19% 100 64 46 24 - - - - 98 98 99 96 91 84
Chlorthion 100 88 76 44 - - - 100 99 82 73 57 50 - -
Potasan 100 98 56 30 5 - - - - ki 59 72 52 - - -
“ppTYaxE 100 94 58 26 - - - - - - 78 64 75 T4 45 35
NPD 94 - 62 30 - - - - 100 97 84 87 79 - - -
* = 0,0-dimethyl-O-(2-chloro-4-nitrophenyl thiophosphate; ** = Ethyl o-nitrophenyl thionobenzene phosphonate,
++* - (,0-diethyl-O-piperonyl thiophosphate,
{a) For anopheline larvae toxic field concentrations, as 5% oil solutions, are reported to be 0.1-0.4 1b 2948
DDT/acre of water surface. Adult ancphelines are killed at 2-3 quarts/acre of 5% oil solutions
sprayed by air over dense vegetation,
(b} Anopheles albimanus (adults) eliminated by 0.4 1b DDT/acre as a 10% spray applied over jungle 2048
foresis,
(c) As a residual spray at 200 mg DDT/ it? protection against Anopheles gquadrimaculatus and various 2948
other anophelines was conferred for >70 days.
(d) Mortality in groups of 20 Anopheles quadrimaculatus, early 4th instar larvae, exposed in 100ce
distilled water at 64°F-T78°F to various amounts of p,p'-DDT.
Exposure Average % Mortality At pg DDT/cc Shown
Time
(hrs) 2.0 0.5 0.2 0.05 0.02 0.005 0,002
24 94.96+8.26 80.64+20.02 73.7 +17.23 41.89:+27.89 28,209+ 22.03 4,95+ 5,29 3.39: 5,18
48 100 +0.0 99.07+ 2.21 95.91+ 4,98 67,16+25.42 52,11:+32,09 15.07:+20,25 10,38+ 16.06
{9)DDT and other compounds vs. Anthonomus grandis; combined oral and contact action of dusts applied 2276

to cotton plants before exposure of the test insects; LDso given in lbs/acre of active ingredient:
DDT = 9.1, Bieldrin = 0.9, Aldrin = 1.1, BHC {tech) = 1,0, Chlordane = 10.1, Toxaphene = 6.4,
Prolan = 11.4, Bulan = 18,7

(10)DDT and other compounds vs. Periplaneta americana and Blattella germanica:

{a) 356,2357,2181
Insecticide Blattella germanica LDy 10 days Environmental
LDepositse (ug/cm’ Dust*
Direct Spray Direct Environmental B. germanica Periplaneta americana
Dust Dust (ug/ {ve/g) (ug/insect)  (pg/g)
insect)

DDT 40 i5 2.5 25 217 3 38
Chlordane L7 2.0 0.6 - - - -
Lindane 2,8 0.8 0.2 3.6 31 72 69
Pyrethrins — - - 9 43 10.8 10.4
Sodium fluoride - 130 40 158 1375 1833 1763

*Insects entering the treated area at will; pyrethrins yielded the highest KD 1 hour followed in turn by lindane
and DDT,

(b)

Vs. non-R, DDT-R and Chlordane-R biotypes of Blattella germanica. Topical application to adult ¢

insects:

Insecticide

DDT
Chlordane
Dieldrin
Diazinon

Allethrin {synergized}

LDso 48 Hours {(ug/insect)

Non-R DDT-R Degree Chlordane-R Degree
Resistance Resistance
13.5 25.0 1.9 19.0 1.4
2.3 4.1 1.8 250.0 108.6
0.5 0.62 1.2 34.0 68
0.33 0.78 2.4 0.4 1.2
0.76 1.3 1.7 1.0 1.3

1012
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{c)

Vs. Periplaneta americana adults. Injection, as solutions in xylene + acetone + Deobase (il + ethanol 558

(10: 10: 75: 5}
Insecticide LD, 96 Hrs {pg/g) LDy @

i _9_ LDso fo)

DDT* 4.5 20 4,4
Tindane 0.8 4.4 5.5
Dieldrin 1.0 5.0 5
Toxaphene 25,0 80.0 3.2
Chlordane 26.0 52.0 2.0
Methoxychlor 7.0 18,0 2,5

*No discernible differences noted in susceptibility to DDT between adult 2 and & nymphs or 2 nymphs
(last instar).

(d)
Vs, P, americana. Injection:
Insecticide Amount As pg/g To Yield Mortality (%) Shown 2219
% __50% ____w0%
Ked ] g 2 Z £
DDT 2 10 8 20 20 40
Nicotine (alkaloid) 30 80 80 120 140 200
Pyrethrins I, II 1 5 3 8 6 11
Derris (rotenone 25%) 3 5 5 8 9 13
Sodium arsenate 23 35 30 50 45 70
Acid lead arsenate 200 300 300 750 750 1400
Lethane ® 384 100 120 150 200 200 400
Sodium fluoride 80 100 120 140 150 170
Azobenzene 320 500 430 620 570 820
Sodium 4,6-dinitro-o-cresylate 7 20 14 28 21 50
{11) DDT and other compounds vs. several species of Diptera; adult ingects: 2707,1981,2033,2692
Insecticide Chrysops Fannia canicularis** Dacus Rhagoletis Musca domestica
discalis LD:o, Topical dorsalis completa LDso 24 LCs024 KD
{rg/T1y) {ue/tly) LDso Topical LDso Topical hr*** hr¥**** 10 min
Topical 24 hrs (ug/fly) pg/ fly Topical  Contact Contact
LDso*  LDygo g ra - pg/fly 2 Spray  Spray
ue/ee  at LCso
24 hr
DDT 20 250 2.8 1.3 0.23 .86 0,033 350 0
Lindane 4 35 0.76 0.39 0.025 0.027 6.01 46 0
Endrin 9 80 - - — - - - -
Dieldrin 20 950 0.003 0.0026 0.024 0.025 0,031 17 0
Methoxychlor 30 30 0.14 0,12 1.0 0.15 0.068 - -
Aldrin 40 170 - - 0.023 0.066 0,035 56 0
Heptachlor 40 200 - - 0.015 0.06 0.032 52 0
EPNG® 48 120 - - - - - - -
Isodrin 60 170 —_ — - - - - -
Chlordane 60 650 - - - - - 250 -
Chlorthion 65 420 0,035 0.022 - — 0.33 - —
Diazinon 90 360 0,098 0,054 - - 0.092 — -—
Bayer 21/199 90 910 - — - — - —_— -
Q-137 120 400 - - - —_ —_ — -
Malathion 130 330 0.10 0.06 - - 0,56 480 0
Toxaphene 180 480 —_ — - — - 680 0
DDD — - - — >1,0 0.18 0.13 - -
Parathion - - -_— - 0.012 0,011 0.015 20 0
Methyl parathion - - - - - - — 25 0
TEPP - - - - - — - 69 ca?0
NPD — — — - - - — 69 G
Dilan - - - - — — — 720 ca30
Isolan — - - - - - — 1150 100
Aliethrin - - - - - - - 1500 100
Pyrethrins - - 0.24 0.44 - - 1.0 - -
Pyrolan - - - - - — - 5500 100

*= Estimated from dose-mortality curves. ** =3 day old laboratory-reared adults, average weight & = 6.89 mg,
¢ 17.35 mg; insecticides in acetone solution, measured drop method, *** = Insecticides in acetone solution,
measured drop method, **** = Contact sprays applied by a turntable modification of Peet-Grady Method,
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{12) DDT and other compounds vs. Musca domestica larvae 3rd Instar. Toxicants incorporated in the larval 666
rearing medium. Mortality measured by % pupal emergence compared with control:
Insecticide LCse (ppm) Fiducial Limits {0.95 Level)
3)3)y 2300 1600-3300
Endrin 125 100- 160
Aldri -
Di(eii.:i:in 44135.3 g;g_ ggg} Difference Not Significant.
Chlordane 1450 11060-1900
a) As emulsion, 2.5%-5.0% DDT yields 100% control of maggots in latrines under heavy breeding conditions 3115
in 24-72 hrs; 4-5% solutions in Diesel or fuel oil, kerusene, yield similar results; both formulations at
1 gi/seat hole.
{(13)DDT and its bromine, fluorine, and other analogues compared with other insecticides vs Musca 2365
domestica adults. Kerosene space sprays applied by Campbell’s Turntable Method: Grouping of 2364
several experiences: 1158
Insecticide Concentration (mg/cc) KD 25 min. (%) % Mortality 24 hrs LCso (mg/cc) Relative Toxicity
@ @ @ @ ® @ @ @ At 50% Mortality
Level
DDT 1.0 49 95
" 667 .667 37 40 83 92 0.361 0,24 1.0 1.0
" 444 .444 20 35 58 84 +
" .296 222 42 24 43 45 .037
Bromine-DDT 1.0 34 91
" 0.667 29 72} 0.45 0.53
" 0.444 18 49
Fluorine-DDT 1.5 44 82
" 1.0 40 56 0.82 0.29
n 0.667 26 39
Methoxychlor 1.5 100 82
" 1.0 99 T2 0.603 + .062 0.6
" 0.667 98 52
" 0.444 69 40
DDD 2,25 95 68
" 1.5 90 59 1.43 + .15 0.25
" 1.0 65 27
r 0.687 62 16
Parathion 0.1 - 81
" 0.075 — i} 0.0483
" 0.056 — 60
" 0.042 - 48
NPD 1.78 —_ T2
" 1.33 - 61
" Lo _ 59 } 0.904
" 0.75 — 45
Pyrethrins g @ % % @ 80 @ @é 2.44 2.04 3.08 0.12
" 4.0 3.66 3.75 100 100 64 73 52 +
o 2.0 1.83 1.875 100 100 42 39 24 .49
" 1.0 0,92 0.938 100 100 28 23 15
(14) DDT and other compounds vs. Phaenicia sericata adults exposed to residues on paper: 2692
Insecticide Concentration (ug/cm®) KD 24 hrs (%) Moriality 24 hrs (%)
DDT 1.0 61 44
" 0.1 21 21
" 0.01 22 11
Heptachior 0.1 100 70
" 0.01 70 22
" 0.001 5 5
Chlordane 0.1 95 58
" 0.01 42 11
" 0.001 1] 0
(15)DDT and other compounds vs. various larval lepidoptera:
3268,299

{a) Vs. Cirphis unipuncta larva:



104

(a) Vs. Cirphis unipuncta larva:

Insecticide LDsy (ug/g) LDso (/)
Topical Oral*

DDT 193 457
DFDT - -
Chlordane 117.5 78.2
Toxaphene® 56.2 34.1
Lindane 28.1 27.9
Aldrin 19.8 11.4
Dilan 8.8 11.5
Dieldrin 8.3 4.6
Parathion*** 3.9 2.5

*Administered on treated leaves.

fastest kill followed, in order, by dilan, lindane, DDT.

analogue ai 10 pg/cm® = 38%.

Ratio LDsy: LD,
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Topical

|
-

2 o802
= - B2 =T 8D

[
'S

**Both food and insects dusted with toxicant in pyrophyllite,
*k**Highest kill obtained in 48 hrs with bromine

3268,299
Lethal Deposit#* 48 hrs
Oral (pg/cm®)
T For 3rd Instar Larvae
22.8 0.35
- 0,33 %% %%
4.7 —_
2.9 s
5.1 0.16
4.7 -
5.0 -
3.8 —
8.5 -
**XGives

(b) Vs. Protoparce sexta and Diataraxia oleracea: § = small larvae, 2nd or 3rd instar av. wgt. 0.9(0.6-1.1)g; 1306
M = medium larvae, 3rd or 4th instar av. wgt. 2.5 (1.2-4.0)g, L = large larvae, 5th instar, av, wgt. 3245
5.4 (4.1-7.5)g.
Insecticide Protoparce sexta {pg/larva) Diataraxiz oleraceg
LB, Orai*(pg/larva)
LDs, Topical LDy Topical LD, Oral LDy Oral At Larval wgt
L M s L M E L M L M E 032 0425 0.5z
DDT 34000 2334 368 - 9887 1342 4416 - 28040 — 1125 4.5 12 33
Endrin 42 2.9 0.51 219 6.3 6.3 9.5 - 0.11 9 - 0.85 — - —
Parathion 52 9.9 2.8 183 64 12.3 157 -~ = 54 — - 2.6 3.4 4.6
Isodrin 87 7.6 3.0 490 29 56 153 - 1.1 138 - 3.1 - - -
Lindane 206 — - 1235 - - 209 - - 398 — - 13.0 25.0 59.0
Malathion 481 61 23.6 1276 553 92 365 - - 1821 - - - - -
TEPP - - - - - - - - — - - 43.0 £9.0 112
Dieldrin 82 — - 2559 — - - - - -~ - - — - -
Aldrin 487 — - 1359 — - - - - - - - - - -
Heptachlor 1058 — - 4005 - - - - - - - - - - -
Toxaphene ® 1363 32 30 5778 138 112 143 - — 8025 — - - - -
DDD 2622 376 37 9813 2620 367 878 - 225 3192 — 58 - - -
Lead arsenate - - - - - - - - - - - — §6.0 8.0 91.0
*Administered by the leaf method; leaves treated in settling tower with insecticides in acetone solution, save for lead arsenate which was in water
solution. LDs, by contact spray at various larval wgts. (last instar larvae): G.24g-0,4718/larva; 0.34g-1.6pg/larva; 0.44g-4.1ug/larva;
0.54g-8.7ug/larva; 0.71g-24pg/larva.
{c) Vs, Prodenia eridania larva:
Insecticide Fumigant Action At Contact Dusts (1%) in LDso Oral 3017
Saturation, 24°-25°C, Pyrophyllite On Large (ue/g)
On Small 0.012g Larvae Larvae of 0.7g wgt. {(Large Larvae,
(% Kill 48 hrs) mg/cm® % Kill 48 hrs 0.7g wgt}
DDT i5 0.53 31
Lindane 35 0.58 31
Chlordane 96.3 0.55 130
Lead arsenate - — 290
{d) Vs. several species of larval lepidoptera as named; 350,1124

Insecticide

DDT

DDD

Endrin
Lindane
Chlordane
Toxaphene
Malathion
Bayer L13/59
Bayer 17147
Shell 08-2046
DNOC
Nicotine
Pyrethrins

Lethal Depositso (ug/cm®) As Contact Sprays For

Choristoneura Heliothis
fumiferana ononis
0.3 7.0
1.9 23.0
140.0 non-toxice
4,0 16
42,0 400
0.05 4.0

LDso (ug/g) Topical* For 6th

Instar Larvae Of

Agrotis
orthogonia Heliothis zea
80.0 3000*

— 3000

_ 17 %%k

5.5 -
18.0 —

- 2000

- 130

— 30

— 40

- 4.8

7.5 -
non-toxic -

8.2 -

*Applied to abdominal dorsum, in methylethyl ketone solution.
=13 wg/g + 9.9, 83 ug/g + 14.9 reared respectively on soybean

applied to thorax, for H. zea = 8.3 {6-12.7) ug/g; for H. vicescens =

Heliogthis virescens

{larval wgt. 250-450 mg)

6,000%*
17,000
1RO*++

18,000
160
60
54
4.8

**Topical LDg in acetone, applied to thorax,

and hairy vetch.

***Topical LDy in acetone,

8.3 {6.5-12.2) ug/g.
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(16) DDT and other substances vs. Orthoptera:
fa) Vs. Locusta migratoria migratorioides (young, virgin adults). Topical application in tractor
vaporizing oil + cyclohexanone (9:1);

Insecticide LDse 96 Hrs LDgs

{ug/Tocust) (1e/e) {ug/locust) (vg/g)
DDT* 140.0 = 7.6 133.0 258.0 + 18.6 245.0
Methyl parathion 0.94+ 0.1 0.89 2.3+ 0,52 2.2
Lindane 3.89 1 0.21 3.69 12.9 + 2.09 12.2
DNOC 10.4 £ 0.1 9.9 19.3 + 0.897 18.3
Chlordane 20,4 z 1.05 19.3 110.0 + 30.9 104.0
Toxaphene* 40.2 1 2.88 38.1 123.0 + 16.9 116.0

*LDso 120 hrs.

{b) Vs. Melanoplus differentialis adults:

Insecticide Topical LDs (pg/g) Oral LDse (pg/g) {On Leaves)

DDT >3300 ; 9380 >1350; 2579; 1170 {colloidal, direct to mouth parts}
Toxaphene 61 ; 173.9 75 ;91.5 s
Chlordane 9.8, 16.3 12.0; 21.8

Lindane 1.6; 3.4 6.5; 6.7

Heptachlor 1.6; 2.6 4.4; 6.0

Aldrin 1.8 2.3

Dieldrin 1.4 3.7

Parathion 0.7; 0.8 6.0; 8.9

TEPP 4.4 -

HETP 18.4 —

{17) DDT and other compounds vs. Oncopeltus fasciatus. Insecticides in highly purified form in acetone
solution. LD values calculated from regression equations, derived from average mortalities of 3
replicates involving some 5700 adult ¢ insects:

105

1585

348

Insecticide By Injection (ug/g) Toxicity Ratios At
I.Dso 24 hrs Lso 48 hrs LDgs 24 hrs I.Dgs 48 hrs LDso LDso 48 hrs LDgs 24 hrs LIk 48 hrs
24 hrs
p,p'-DDT 31,0 11.0 1043 437 1.0 1.0 1.0 1.0
Aldrin 4.5 2.5 T2 43 6.9 4.6 14,5 10.2
Dieldrin 6.9 3.8 61 39 4.5 2.9 17.1 11.2
(18) DDT and other compounds vs. stored products insects. Insecticides mixed with 20 stored dry grains:
Insecticide LCsq (ppm) For
Sitophilus granarius Ephestia kuhnieila Tribolium confusum
DDT 16 860 16
Lindane 0.1 10 3
Chlordane 1.3 38 0.2
Hexachloropropene 450 4 10
{19) DDT and other compounds. Comparative effectiveness vs. Popillia japonica as contact sprays: 1914
Insecticide and Dosage {Active Ingredient Time for 100% KD (hrs) Mortality
Formulation Lbs/100 gals) 24 hrs (%)
DDT 30% emulsion 3.0 4 100
Dilan 25% emulsion {a) 0.25; (b)0.5 1 100
EPN® 27% wettable
powder (a) 2.0; (b) 3.0 4 (b) 100
Malathion 50% emulsion (a) 2.0; (b) 3.0 (a) 4; (b) 1 100
Metacide 6.3% emulsion {a) 0.125; (b) 0.0625; (c) 0.03125 (2) 1; (0} 2; {c) 4 (98%) 100
OMPA 1.0, 2.0, 3.0 at 4 only 24-31% KD 100
NPD 85% emulsion 1.0, 2.0, 3.0 at 4 only 5-21% KD 100
Systox® 32.1%emulsion (a) 0,125; (b} 0.25; (c) 1.0 at 4 (a) 5%, (b) 97%, (c) 98% KD 100
Lindane 20% emulsion (a) 0.25; {b) 0.125; (c) 0.0625 (a) (b)Y 1 hr; (c) 4 100
Methoxychlor 20% emulsion 1.0, 1.5, 2.0 0.5 100
{20) DDT and pyrethrins vs. Chaoborus punctipennis, larvae and pupae: 2018

Concentration (ppm)

Mortality At 48 hrs Exposure (%)

DDT Pyrethrins
larvae pupae larvae pupae
30 - 100 - 100
40 - 95 - 100
50 - 90 - 100
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Concentration (ppm} Mortality At 48 hrs Exposure (%)
DDT Pyrethrins
larvae pupae larvae pupae
75 100 90 100 100
100 98 63 100 100
200 90 30 95 65
400 61 0 88 10
600 b2 - 64 —
800 a9 - 51 -

{21) DDT and other compounds vs. Pediculus humanus corporis, Cimex lectularius and lice of livestock and

poultry:
{a}Contact sprays vs. Pediculus and Cimex. Solutions in P31 oil. Sprays applied at 0.36 mg/cm® at
which rate the oil carrier is harmless,

Insecticide LCso (%) For LDso, Contact Spray For
Pediculus Cimex Pediculus Cimex

. ug/insect pg/g pg/insect pgie
DDT* 0.3 0,56 0.054 27 0.25 63
DDD 0.9 1.2 — - - —
DFDhT 1.4 5.0 - — - —
Methoxychlor 0.9 0.5 - — - -
Lindane 0.018 0.051 0.003 1.5  0.023 6.0
p-Chlorophenyl chloromethyl sulfone 0.1 0.2 - - - -
Pyrethrins 0.47 0.045 0.085 42 0.02 5.0
Pyrethrins + 2% isobutyl undecyleneamide 0.038 0.026 0.007 3.5 0,012 3.0
Lethane ® 384 1.5 4.0 0.27 135 1.8 450
Lethane ® Special 2.4 12.5 - - - -
Thanite & 3.2 75.0 - - — -
Lauryl thiocyanate 6.0 19.5 - - — -
Bis-ethyl xanthogen 8.2 5.0 - — - —
Lethane ® 60 8.1 32.0 - - - -
Benzyl benzoate 21,0 75.0 - - - -

* For Pediculus eggs DDT, at > 3% (saturated solution), yielded but 8% kill. As dusts at 10, 5, 1% in kaolin,
vs, Pediculus gave 100% kill of adults (in 24 hrs at 10, 5% no kill of eggs; vs. Cimex gave 100% kill of
adults at 10, 5%, 96% kill at 1%. At 0.5 and 0.25%kills of adult Pediculus were respectively 61%, 21%, of
Cimex 35% at 0.5% concentration.

(b) Duration of toxicity for Cimex lectularius in sprayed beds. Heavily infested houses:

Spray Amount Applied (cc) Time After Treatment At Which
100% Kills Were Still Given
DDT 20%, o-dichlorobenzene 40%, in kerosene 140 281 days
DDT 5%, in kerosene 195 64 "
DDT 5%, in agueous emulsion 250 133 "
DDT 10%, cyclohexanone 5%, in kerosene 250 104

(c}Vs. lice of livestock and poultry. Spot treatments, dips and dusts:

Insecticide Vs, Haematopinus eurysternus* Vs. Bovicola caprae, Bovicola limbatus**
% Mortality, 24, 48 hrs, At % Mortality 24, 48 hrs At Conc.%
Effective

Concentration: .002% .005% .01% .05% .1% .25% 5% 1.0% (wks) Lboz  gos 01 025 05 1 2 .25
DDT - - - - 100 100 - (3,4) — - - - - - - 100
Toxaphene® - - - - - — - 100 - 4 - - - - - - - -
Strobane - - - - - - 100 - 4 - - - - - 100 100 -
Endrin - - - —_ - - - - - — - - - 190 - - -
Isodrin — - - - - - - - - - - - - 100 - - -
Malathion - — - 100 - - 100 - {L,2) - - - 100 190 100 - 100
Parathion - 25 100 100 - - - {0,3,3) - - - - - - - -
Chlorthion — - - - - 100 - - 1 100 - - - - - - -
Dipterex@ - - - - 190 100 - - {0,1) 100 - 100 100 100 ioc - -
Bayer 21,199 - - - 100 100 100 - - (1,1,2) 100 - — - - - - -
Bayer 21/200 - — - - - e - - - 25 - - - - - - -
Diazinon 5 25 95 100 100 100 - - (3,1,1,1,2,2) - 100 - 100 100 - - -
Pirazinon - - -~ - - 100 - - 3 - - - - - - - -
EPN® 2% 100 100 100 — - - - (0,1,1,1) 00 - - - - - - -
NPD - - 100 - - - - 1 - - - - - - - -
2-Pivalyl indanedione 100 LG0 100 100 100 (2,2,2,2,3) — - - - - - - -

413,
418,414

2072

2862

Enfesta-
tion
after 4
wks

|OOGD‘ o

oro
]
=
=

-

ight

oy e

*=As spot treatments on cattle with emulsions and wetiable powders, *®*=As dips for goats, As dusts in kaolin the following: DDT, toxzphene, strobane
chlordane methoxyehlor, at 5% and DDD, lindane, malathion, diazinon at 1% completely controlled on poultry original infestations of Epmenacanthus
stramineus. All remained effective for 4 weeks save methoxychlor, lindane, malathion and diazinon which permit light reinfestation in 2-4 weeks.
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(22) Speed of toxic action of DDT and other compounds vs. Macrosiphum pisi. Contact dusts in talc applied
in the dusting tower to insects on Vicia faba plants:

Insecticide Concentration

%)

DDT
Nicotine

ha)
TEPP
Rotenone
Lindane
Parathion

(1)

-

Methoxychlor
bDD

Aldrin
Dieldrin
EPN®
Chlordane
Toxaphene
Tale 100

ot
o

@*
&

x

67-72

Time (Hours: Minutes) To Yield

50% Mortality

98% Mortality

G:57
0:15
0:12

1:45
1:12
0:50
0:56
1:23
1:54
1:43
1:53
5:34
4:35
T:32
6:43
8:8
18:8
19:1
23:51

(23) Toxicity of DDT and other compounds for adult Anasa tristis. Topical application in acetone solution:

Insecticide

% Mortality At 72 hrs With Dosages Indicated {(ug/g)

DDT —

Toxaphene -
Chlordane -
Dieldrin -
Isodrin -
Heptachlor —
EPN® —
Endrin -

Aldrin

Lindane 83.3
Parathion 100

64

93.3
100
100

128

20
16.7
36.7
70
90
90
100
100
100
100
100

256
30

66.7

8¢
100
100
100
160
100
100
100
100

512

76.7

82

90
100
100
100
100
100
100
100
100

(24) Toxicity of DDT employed as an aerosol. Various combinations of DDT, cyclohexanone, lube oil,

dichlorodifluoromethane. Vs. Thrips {abaci and Myzus persicae in the greenhouse:

DDT (g/10004t°) Feet®

Treated

2.6 1,152

1.3 1,152

1.25 24,256

1.25 12,128

1.25 12,128

.88 1,152

.88 1,152

.65 1,152

(a) Found toxic under the same conditions to; Thrips nigropilosus, Hercinothrips femoralis, Trialeurodes

% Mortality
Thrips tabaci Myzus persicae

adults larvae

99.7 79.3 93.0

93.4 65.1 89.1

97.6 - -

98.5 - -

96.2 - -

78.3 12.7 47.9
100 76.2 69.1

74.4 40.9 77.1

107

520

3376

2879

vaporariorum, Aphis maidis, Rhophalosiphum rufomaculata, Gryllodes sigillatus, Periplaneta americana,

Musca domestica, Lycoria inconstans, Armadillidium nosatum,

(25) DDT and its fluorine analogues:

Drosophila melanogaster (Exposed to Residues)

{a)

Aonidiella aurantii (Crawler Stage){Contact Sprays)

Concentration (cc 20%
xylene solution/liter)

{ug/cm®) % Mortality 24 hrs With

{on filter paper) DDT DFDT
0.16 78 83
0.08 h2 36
0.04 35 23
0.016 24 0

(b)

5
2
1
0.5

% Mortality With

DDT
100
100

100
99

DFDT

20
68
55

0

Toxicity and speed of action vs. Drosophila melanogaster and Heliothrips haemorrhoidalis:

2229
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(b)
Toxicity and speed of action vs. Drosophila melanogaster and Heliothrips haemorrhoidalis:
Compound Drosophila Heliothrips: % Mortality 24 hrs With
o Time (hrs) For KDy, Contact Sprays At Concentration Shown
On Residues: 15ug/em® 10 0.1 005 .025 .01 0075 005 D025 001 0005
DDT ~ 8 — - - - - - 100 88 46 23
Z,2-Bis-(p-fluorophenyl)-1,1,1-trichioroethane (DFDT) 1 - - P - 100 60 37 0 - -
DHD - - 100 100 96 T2 - - 26 - -
2,2-Bis- (p-fiuorophenyl)-1, 1-dichloroethane {DFDD) 3.5 100 - 94 90 57 — - - - -
2,2-Bis- (p-fluorophenyl)-1,1,1-trifluoroethane 5 - 52 33 - - - — -
2,2-Bis-{p-chiorophenyi}-1,1, 1-trifluoroethane 8 - 34 28 - - - - — —- —
2,2-Bis- (p-chiorophenyl)-1, 1-dichloroethylene 24 24 — - - - — — - - _
2,2-Bis-{p-fluorophenyl}- 1, i-dichloroethylene 6 100 o - - - - - - - -
3,1-Bis- (p-chlorophenyl}-2,1, 1-trichloropropene 24 o - - — - - - — - -
3,3- Bis-(p-fluorophenyl)-2,1,1-trichloropropene 24 31 - - — - - - - - —
4,4' -Dichlorobenzohydrol 24 1 L] - - - — — — - —_ —
4,4"-Difluorobenzohydrol 24 67 - - - - - - - - -
4,4'-Dichlorobenzophenoae 24 42 kil - - - - - - - —
4,4' -Difluorobenzophenone 24 - 17 - - - - - - - -~
Insect Conditions Results

Listroderes obliquus {adult}

Apaniesis proxima {larva)

Phryganidia californica (larva)
Tribolium confusum (aduht)

Cantharis consors {adult)

Lucilia sericata (adult)
Apis mellifera {adult)
Pogonomyrmex barbatus

Heliothrips haemorrhoidalis

86 hrs kill: DDT-70%; DFDT-100%,

96 hrs kiil: DDT-65%; DFDT-30%.

96 hrs kill: DDT-75%; DFDT-55%.

120 hrs kill: DDT-81%; DFDT-91%; HDD-2%; DFDD

On leaves dusted with 5% dusts (0.085 mg/cem®)
10% toxicants in baits 0.1g/farva
Leaves dusted with 5% dusts (0.085 mg/cm®)
Residues at 15 pg/cm®
Residues at 150 ug/em®

DFDD-100% (24 hrs),
KD: DDT-100% {24 hrs); DFDT-100% {2 hrs)
% Kill: DDT-100% (20 hrs); DFDT-100% (5 hrs).
KD: DDT-108% (48 hrs); DFDT-100% (16 hrsh.
Initial mortality: 100%-DDT, DFDT; 14 day old resi

Residues 1 mg/cm®
Residues 1 mg/cm®
Residues 1 mg/cm®
Exposed on oranges dipped in 0.1% solutions

-2%.

KD: DDT-100% {24 ars); DFDT-100% {1.5 hrs); DDD-80% {24 hrs).

dues:

DDT-95% kills; 1 day old residues DFDT-32% kill;

4 day old residues DFDT-17% kill.

{26)DDT and other compounds vs, DDT-R and DDT-nonR biotypes of Musca domestica

(a) Topical application by the measured drop method to adult insects. 78
Biotype LDso 24 hrs (ug/fly)
DDT DDD Methoxy- Toxa- Lindane Hepta- Pyre-
chlor phene chlor thrins
Bellflower (DDT-R) 10 20 1 0.6 0.08 0.06 1
San José {DDT-R) 0.7 - 0.3 0.4 0.05 0.07 2
Ontaric (DDT-R) 0.5 - 0.3 0.5 0.05 0.07 2
Riverside {DDT-R) 0.5 - 0.3 0.5 0.06 0.07 2
Laboratory (DDT-nonR) 0.02 0.1 0.07 0.2 0.01 0.03 1
(b) Exposure to residues: 78
Insecticide Residue Time (Minutes) To Yield 50% and 100% ‘‘Knockdown’’
{mg/ft* ) Beliflower San Jose’ Laboratary
KDsg KD KDsg KDjeo KDso KD1oo
DDT 100 720 2880 420 1440 91 152
Methoxychlor 100 255 360 56 108 37 687
Lindane i0 11 15 16 20 13 20
Heptachlor 10 40 52 48 60 44 51
{c) Exposure to residues and to direct application of DDT and other compounds. 1803,3320
Insecticide Residue Exposure Topical LDsy (pg/fly)
Lethal Timew, {min) Lethal Timeg, (min) adult §¢
Orlaado Bell- Labora- Orlando LDD Ballard Labora- Orlando Bell- Labora-
Special  flower tory #1 - tory Special flower tory
2 2 L2
DDT 230 184 3.2 calddg >240 344 4 12.3 8.3 0.12
Methoxychlor 150 33 - - - - - 2.4 2,7 0.34
BHC $5% v - - - - - - - 0.044 0.058 0.015
BHC 12% v 56 44 - - - - - - - -
Lindane - - - 16.4 65.6 229.3 10.9 - - -
Dieldrin - - - 9.1 >120 - <1 0.024 0.014 0.012
Chlordane - - - - - — - 0.2 .11 0.062
Heptachior - - - - - - - 0.031 0.020 0.017
Pyrethrins — - - - - - - 0.855 0.955 0.48
Pyrethrins + piperonyl -
butoxide 1:10 - - - - - - - 0.082 0.085 0.048
d) Residual toxicity of DDT:
(1) The persistence of DDT applied to surfaces, with long retention of toxicity for insects coming in 2765
contact with such surfaces, has remained one of the most remarked upon insecticidal properties of 266
DDT. Among the factors of importance in exploiting this property of DDT is the nature of the surface 268
to which it is applied. Studies of the penetration of DDT into wood surfaces and as an ingredient of 267
paints and other surface coatings, may be found in the references given opposite.
{2) Time required for complete “knockdown’’ of Musca domestica (adulis), exposed in unpainted wooden 2010

cages sprayed with 5% solutions of DDT in various solvents, and on residues of various ages.
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Days Between
Treatment Of Cage

Minutes Elapsing Before KD,;x of Flies Exposed To Cages
Treated With DDT (5%) In

109

and Exposure of Ethylene
Insects; dichlo-

(age of residue) ride

{days) -

15 30

20 58

26 59

i3 73

45 58

53 48

60 67

67 108

75 82

80 81

86 156

93 301

100 -

115 314

265 80

Dibutyl
phthalate

20

63
115
172
g2
390
259
262
202
403
321
326

Ethylene Dibutyl
dichloride phthalate
(emuls.) (emuls)

32 41

44 115
56 222
47 280
55 384
54 390
92 245
101 453
50 230
142 428
275 420
297 422
- 356
- 125

Kerosene

Benzyl
benzoate
+ kerosene

23
29
46
57
102
116
112
128
91
80
94
233
319
402
97

(3}% Mortality in 24 hours of adult ¢ Anopheles quadrimaculatus, exposed for 60 minutes to deposits of

DDT at 200 mg/ft* from DDT-xylene emulsions. Various surfaces:

17

Surface Age of Residue In Weeks
5 9§ 12 2 21 2 31 38 3 3 3
% Mortality (24 hrs) after 60 minute exposure

Pine plywood 93 89 91 94 a1 69 69 60 54 64 71 72
Dry bamboo 96 93 100 98 90 85 92 96 a8 86 88 88
Rusty metal screen 99 98 99 99 93 84 85 92 85 8 83 91
Rusty sheet metal 98 92 81 19 85 86 90 92 81 76 83 90
Bark -_ 90 86 88 a7 - - - - —_ -
New sheet metal 84 79 64 51 54 67 71 69 69 57 62 58
Glass 17 7 7 75 Tl 74 60 58 48 53 68 T3
Tile 78 72 77 89 84 T0 69 64 50 58 70 53
Palmetto thatch - Tl 82 75 - T4 - - - - - -
New metal screen 98 90 79 65 46 30 37 51 42 38 42 36
Plexiglass 50 56 70 T0 59 59 59 57 36 34 42 44
Shellacked wood -— T4 70 40 23 21 39 - - - - -
Synthetic fabrics 68 48 44 o8 58 50 46 45 37 33 38
Cement 55 39 35 44 21 16 10 — — — - -
Waxed wood - 21 37 19 -— - — — — — - -

e) Effects of DDT on beneficial insects:

{1)DDT and honeybees: (Also consult the section in this work titled Bees and Insecticides.)

(a) Reports on the hazard of DDT for honeybees are conflicting. DDT may be considered of questionable
safety to honeybees on flowering plants. Toxicity is influenced by particle size. Contact toxicity, in

the temperature range 20°-36°C, ranges from 32 to 560 ug/bee.

(b) 110g pollen paste containing 0.25g DDT fed to a hive of Apis mellifera had no injurious effects. The
LDso , oral, for adult worker bees = 4.6 ug/bee.
{c) Dusting inside of hives of Apis indica with DDT dusts of less than 5% DDT content produced no in-
jurious effects; 10% dusts yielded complete mortality.

{d) 0.25 ounce honey with 0.05% DDT fed daily to hive of Apis indica yielded 96.5% mortality after 7 days.
(e)DDT concentrations in commercial contact sprays required to yield 20, 50, 95% kills by contact
poisoning as g/100cc DDT in dispersible powder formulation (Guesarol E) are respectively: 0.1,

0.16, 0.39g, for Apis mellifera.
{f) On apple, Cineraria and Michaelmas Daisy flowers, sprayed 1 day before exposure of bees with 1%,

0.5%, 0.2% DDT as Guesarol E: On apple at 1%: 0% mortality; on Michaelmas daisy: 4%; on

Cineraria at 0.5%: 0% mortality; on daisy: 4%; at 0.2% on Cineraria: 0% mortality. With 5% dusts

on apple blooms bees, exposed 1 day after treatment, gave 0% mortality.
(g) Effect of DDT {as Guesarol E spray) films on glass cage walls. Adult Apis mellifera workers:

% DDT

1

0.5

0.2

0.1
Control

% Mortality On

1st Day

100

93
a7
13

5

Fifth Day

Benzyl benzoate
+ kerosene
{emuls)

974

3099
3247

3247
o8
3247

3247

3247
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Scolothrips sexmaculatus
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{h) Amount of DDT and other compounds required as siomach poisons to yield various degrees of
mortality on the 3rd day. Insecticides in pure form: suspended in diluted honey medium:

Toxicant Dosage {mg x 10~%/bee) To Give Kills of

- 20% 20% 55%

poT 5.4 9,1 25
Tindane 0.03 0.08 0.54

Lead arsenate 32 86 . 810

" " {on fifth day) 6.1 20 210

(i) Apis mellifera, caught and caged after successive visits over three days to fields in open blossom
treated with DDT, showed no mortality attributable to DDT during the ensuing 6 days. (Bees may be
kiiled by 1 minute contact with open blooms in BHC treated fields.)

(j)DDT is reported non-toxic in field concentrations for Bombus pratorum, Andrena spp. Susceptibility

of Bombus ferrestris and B. agrorum workers is comparable. Osmia rufa was not affected by short
contact with DDT treated flowers. Queens and drones of Bombus terrestris and B. agrorum are
particularly DDT resistant. This is important since in Spring, at time of fruit blossom spraying,
the Bombus “‘population’’ is represented almost wholly by queens.

(2) Vs. heneficial insects other than bees:

{(a)DDT is toxic to at least a moderate degree to such beneficial genera as Orius, Geocoris, Nabis,

Chrysopa, Hippodamia,

(b} Laboratory tests.  Adult insects placed on plants previously dusted by the vacuum dusting method:

Insecticide And

% Mortality 24 hrs. Of

Conc, in Dust Collops

vittatus
DDT (5%) 38
Perthane (5%) 23
Strobane (5%) 10
Heptachior (2.5%) 41
Toxaphene {10%) 32
Endrin (1%) 27
Dieldrin (2%} 36
Parathion (2%) 65
Malathion (5%) 47
Chlorthion (5%) 64
Diazinon (4%} 37
Control 11
Lowest Significant Difference (5% level) 20

Hippodamia
convergens

Coleomegilla
maculata
6 32
6 12
18 12
30 38
12 36
10 18
4 24
78 98
90 100
g2 100
66 100
4 0
24 28

(3} Dacus dorsalis and its internal parasite Opius Sophilus were both highly resistant to DDT in soil and

topical treatments,

(4)DDT apparently does not favor, by destruction of parasites or predators, upsurges in Aonidiella

aurantii or A, citrina.

{(5) DDT is reported to produce from 50%-95% mortality or complete elimination of the following beneficial

predaceous arthropods:

Stethorus punctum
Stethorus pictipes

Haplothrips faurei

Stethorus punctillum

Hyaliodes hartii
Diaphnidia pellucida

Scymnus binaevatus
Rodolia cardinalis

Deraeocoris fasciolus

Coccinella septempunctata

Plagicgnathus ohscurus

Adalia bipunctata

Criocoris saliens
Pilophorus perplexus

Coleomegilla maculata
Hippodamia convergens

Campylomma verbasci

Chrysopa sp.

Cyrtorhinus mundulus

Conwentzia sp.

Anthocoris musculus

Syrphus sp.

Anthocoris nemorum

Typhlodromus spp.

Orius tristicolor
Nabis ferus
Geocoris punctipes

Anystis agilis
Hemisarcoptes malus
Biscirus australicus

Tetranychus telarius

Allotropa sp

Aphelinus mali

Aphytis mytilaspidis
Clausenia purpurea
Dacnusa gracilis
Diaeretus rapae
Encarsia formosa
Macrocentrus ancylovorus
Metaphycus luteolus
Opius sp.

Pachysema sp.
Prospatteila aurantii
Pseudaphycus sp.
Pseudhomalpoda prima
Tetracnemus pretiosus
Trichogramma minutum

{8) After application of DDT, resurgences have been noted in “populations’’ of the following harmful

arthropods:

Coccus hesperidum

Tetranychus mcdanieli

Icerya purchasi

Tetranychus schoenei
Tetranychus pacificus

Planococcus citri
Pseudococcus adonidum

Metatetranychus citri

Pseudococcus maritimus

Aphis gossypii

Aphis spiraecola
Phylloxera vitlioliae
Brevicoryne brassicae
Chromaphis juglandicola

3247

3247

3247

3171

1404

3048

734

2650

2650



Metatetranychus ulmi
Oligonychus ununguis
Oligonychus yothersi
Bryobia praetiosa
Eurytetranychus buxi
Vasates lycopersicae
Phyllocoptruta oleivora
Smynthurus viridis
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Chrysomphalus ficus
Eulecanium corni
Eulecanium pruinosum

Aonidiella aurantii
Aonidiella citrina
Aonidiella orientalis
Lepidosaphes beckii
Aphis fabae

Macrosiphum solanifolii
Capitophorus fragaefolii

Eriosoma lanigerum
Bremisia tabaci
Earias insulana
Diparopsis watersi
Heliothis armigera
Tortrix postvittana

111

Eulia velutinana
Lyriomyza sp.

f} Structure and toxicity: [Refs.: 2472,2262,2127,2937,767,2844,2240,260,2642,1933,2641,2644.2040,353,2231,367,
2551,415,2975,3203,767,2337,2230,2317,819,2890,2129, 194,1325,2845,2096,1816,366,
2502,2234,642,1818,2094,261,2229, 1300,2690,648,362,2828,2543,1665,212]

(1)DDT and related compounds have been studied extensively to uncover the relationship of chemical
structure, toxicity, and mode of action. Several substances closely related to DDT have been found to
have great advantages as insecticides and some among them have shown exceptional specificity of action
toward particular insect genera and species. In view of the last statement, generalization is hazardous,
but always allowing for the possibility that any analogue or structural relative of DDT may be as toxic,
or indeed more toxic, than DDT for one or more species, in general modifications of structure have led
to diminution of activity. However, it must be remembered that while DDT itself is generally ineffective
for phytophagous acarines, modifications of the structure have led to compounds intensely toxic for these
forms.

(2) Two tabulations follow which serve to give a comparative view of the toxicity for certain insects of

. DDT and its structural analogues and relatives.
{a) Comparative toxicity of DDT analogues. Modified from 2231,

H
R~ ~C— ~R
RII

Spilonota ocellana Rhagoletis pomonella

R R R Pediculus Cimex Macrosiphoniella Qryzaephilus Anopheles Heliothrips Musca
- o humanus lectularius sanborni surinamensis quadrimaculatus haémorrhoidalis  domestica
LCso (%) LCso (%) LCso [relative)  LCso [relative) LCss (ppm) T.Coo 15 LDso (nz/g)

Cl Cl CCls {(DDT} 0.3 0.53 1.0 (standard) 1,0 0.¢o2 2.601 1.65
F P CCl, (DFDT} 1.4 9.0 1.01 4.4 0.007 0,506 5.0

Br Br CClL 0.8 1.4 1.6 i.l 0,0025 0,06 1,55
I 1 CCly - - trace trace - - -
CHs CH, CCly (Methyl-DDT) 1.7 3.6 — - 0.007 0.03 5.0

CaHsg C:Hs CCl; (Ethyl-DDT} 5.0 4.0 - - - 0.04 5.5

CH: & CH,0 CCl; (Methoxychlor) 0.9 .55 4.0 2.8 0.01 0.03 2.4

C:HsO C:H;0 CCls 1.8 0.8 0.83 i.¢ - — _
H H CCis 7.6 12.0 18 - i.0 1.0 -
OH OH CCla ] 0 1] 0 > 10 > 1.0 -
NG NQ. CCly - — - -— — > L0 -
Cl H CCls 2.1 4,5 1.94 23 0.G25 0.25 -
C1 Cl CHCl; (DDD) 0.9 1.2 4.35 3.12 0.001 0.006 6.5

C1 Cl CH,Cl —_ — - — 0.06 — —
Cl Cl CCHs 8.5 =20 16 200 - 1.0 —
C1 Cl CBr; - - 8.3 10.3 G.1 - -
Cl Cl CHNO,CH,3 — - - - - — 4.75

{3) Toxicity of DDT analogues: Relation of chemical structure and toxicity: 415

(a) Tests with adult Pediculus humanus and Cimex lectularius, by direct spray in cases where oil or
water solubility of the analogue in question permitted, otherwise by dusts:

{1) Sprays made in refined white oil, P31, volume constant, concentration varied; sprayed to give
average deposit of 0.36 mg/cm®.

(2) Dusts applied as the compound neat or in kaolin dilution.

(3)In spray tests: The insects were sprayed directly while resting on absorbent paper. In dust
tests: Bed bugs were shaken in the powders; lice were allowed to rest in contact with dust im-
pregnated cloth,

(4) LCso (%) estimated from log conc./probit graphs, Louse mortality determined at 3 days; bed bug
mortality at 7 days.

(5) Agdes aegypti was tested by spray cabinet method of David.

b) <1 -CH~ cl
CClL
p

,p' -DDT: m.p. 108°C, sol in P31 oil ca 2% 0.53 0.3
Aedes 32% Kill at 0.45
(1) Alteration in number and position of chlorine atoms: Elimination of Cl from benzene rings,

LCso (%}
Fediculus

Cimex

—CH-— Cl Cimex Pediculus
CCL : 45 2.1

Phenyl-chlorophenyl-trichloroethane m.p. 73°C, sol P31 oil ca 4%
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O

CCla

Diphenyl-trichloroethane m.p. §2°C, sol P31 oil ca 12%
{(2) Displacement of chlorine from the ethane nucleus:

CHCl

Dichlor-diphenyl-dichlorethane m.p. 111°C, soi P31 ca 2%

Cl

O

—CH—
CHg

Dichlor-diphenylethane m.p. 56°C, sol P31 24%
(3) Position of chlorines on benzene rings:

CCIs

iso-DDT, o,p-DDT m.p. 73°C, sol P31 ca 12%
(4) Substitution of other halogens for the para-Cl atoms:

Clt

S

Q)
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Cimex Pediculus
>12 7.5

Cimex Pediculus
1.2 0.9

Agdes 35% Kill At 1.0%

Cimex Pediculus
>20 8.5
Cimex Pediculus
> 14 5.5

Agdes 32% Kill At 5.0%

F Q —CH— O F Cimex Pediculus
I Limex rediculus
CCl, 5 1.4
DFDT m.p. 45°C, sol P31 ca 4%
Br <:> —CH— O Br Cimex Pediculus
| wLNEX Cedicuis
CCls 1.4 0.6
“Bromine-DDT’’ m.p. 142°C sol P31 ca 2%
(5) Substitution of alkyl groups for para-Cl atoms: 415
LCso (%)
HsC —CH-— CHs Cimex Pediculus
; —mex rediculus
CCl, 3.6 1.7
Dimethyl-diphenyl-trichloroethane m.p. 90°C, sol P31 ca 8%
H:C: Q —(I)H— Q C.Hs Cimex Pediculus
CCls 4.0 5.0
Diethyl-diphenyl-trichloroethane, liquid, miscible
{c) Substitution of alkoxy-groups for para-Cl atoms:
(1} Aliphatic series
LCso (%) Conec & % Kill
Group substituted for both para-Cl's Cimex Pediculus Aédes
methoxy, CH;O— m.p. 83°C, sol P31 ca 2% 0.55 0.9 54% Kill At 1.0%
ethoxy, C:HsO-— m.p. 107°C, sol P31 ca 2% 0.8 1.8
propoxy, n-Cs;H,0- m.p. 62°C, sol P31 ca 8% 2 ]
butoxy, n-C4HyO— m.p. 50°C, sol P31 ca 12% >8 >8
amoxy, n-CsH 10— m.p. 66, sol P31 ca 8% >8 >8

{2) Other compounds with ether linkages in parapositions:

cetoxry, CiHs:O— m.p. 78°C, sol P31 ca 3+ % 0
allyloxy, CH;=CH-CH:O~ m.p. 81°C, sol P31 ca 2% 24
benzyloxy, CeHsCH,0— m.p. 139°C, sol P31 ca +% 0

acetoxy, CH;COO— m.p, 140°C, sol P31 ca ;% 0
benzoyloxy, CeHsCOO— m.p. 234°C, sol P31 ca ;% 24
cinnamoyloxy, CeHsCH=CHCOO— m.p. 158°C 5

dinitrophenoxy, CsHa(NO,)0— m.p. 194°C 4

% Kill undiluted dusts
4
65
0
3
0
11
0
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{d) Tetra-substituted compounds:

bis(2,4-methylphenyl) trichloroethane 4% Kill 13% Kill  sprayed with 5% sol m.p. 81°C
%Kill in dust sol P31 ca 4%

bis{3-nitro-4-chlorphenyl) trichloroethane - 0 m.p. 47°C sol P31 ca 1%
bis{2-chlor-5-methylphenyl) trichloroethane - 10 m.p. 155°C sol P31 ca ;%
bis(2-methyl-4-chlorphenyl) trichloroethane - 0 m.p. 106°C sol P31 ca 1%
bis(3,4-dimethoxypheny!) trichloroethane 0 12 m.p. 115°C sol P31 ca 19
bis(2,5-dimethoxyphenyl) trichloroethane 10 17 m.p. 120°C sol P31 ca 7%
bis{3-brom-4-methoxyphenyl) trichloroethane 12 8 m.p, 141°C sol P31 ca 1%

(e) Naphthalene condensates:

% Kill undiluted

dusts
bis-naphthyl-trichloroethane - 0 m.p. 158°C sol P31 caz%
bis{5? -chlornaphthyl) trichloroethane — 10 m.p. 223°C sol P31 ca1%
bis(5? -bromnaphthyl} trichlorcethane - 0 m.p. 218°C sol P31 caid

(f) Water soluble analogues: Pediculus tested by simple dipping in 10% solution 20 minute immersion,
showed no appreciable mortality.

{1) Dust Tests:

% Kill With Undiluted Dusts
-CH— OH Cimex Pediculus 415
CCls 0 0 _

bis(hydroxyphenyl)-trichloroethane m.p. 206°C
80:Na 85Q;Na

O —CH— O Cl Cimex Pediculus
CCh 10 0

bis{(4-chlor-3-sulfaphenyl)-trichloroethane, diNa m.p. 210°C
SO;Ma SO;Na

C1 O —-C— O Cimex Pediculus
CCI 0 8

bis(4-chloro-3-sulfaphenyl)-dichiorethylene, diNa m.p. 210°C
{g) Compounds with intercalated amine groups:

% Kill undiluted dusts
1 —NH- (I3H-NH— C1 Cimex Pediculus
CCls - 91

di-p-chloraniline trichloroethane m.p. 180°C

<:> —NH- CH NH- O - 13

di-p-methylaniline-trichloroethane m.p. 105°C

o] <:> —NH-(I)H-NH— O OCH: - 37
CCl,

di-p-methoxyaniline-trichlorcethane m.p. 114°C
OCH; CH:O

<:>—NH CH- NH—O - 25

di-o-methoxyantline-trichloroethane m.p. 114°C

(h}Other analogues: LCso (%)
(1) **Hali - condensation’’ product Cimex Pediculus

10 8.5
Cl —(IZH-OH
CCL

chlorphenyl-hydroxy-trichiorcethane liquid, miscible
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HsCo <:> -CH-0OH
!
CCls

ethylphenyl-hydroxy-trichloroethane liguid, miscible

(2) “Dehydrochlorinated DDT”’

i
CCl.

2

LCso (%)
Cimex Pediculus
7.0 7.0
>10 >10

dichlor-diphenyl-dichlorethylene m.p. 89°C, sol P31 8%
(¢) Toxicity of pure DDT and compounds related to DDT for Anopheles quadrimaculatus 4th instar. 767
Beaker tests; 20 larvae in each trial. At dosages of 0.1 ppm or less:

Exp. % Mortality At
Hrs. .02 .025 .05 ¥
L0026 ppm  .005 ppm .01 ppm  ppm ppm ppm ppm
p,p' DDT 24 22-55 60-83 100 - — - -
48 80-82 93-97 100 - — — -
1-Trichloro-2-{p-chlorophenyl)-2-{o-chloro- 24 — — 35 - 100 100 100
phenyl} ethane 48 — - 45 - - — -
1-Trichloro-2-{p-chlorophenyl)-2-{m- 24 5 20 30 73 — - —
chlorophenyl) ethane 48 22 55 7 98 - 160 100
1-Trichloro-2-phenyl-2-(p-chloro- 24 — 10 15 - 60 100 95
phenyl) ethane 48 - 10 85 - 95 95
1,1-Dichloro-2,2-bis(p-chlorophenyl) 24 58 88 100 — 100 100 100
ethane 48 95 100 - — - — -
1-Chloro-2,2-bis(p-chlorophenyl} ethane 24 - - - — -— 5 55
48 — - - - - 40 100
1,1-Dichloro-2-(p-chiorophenyl)-2- 24 - - 20 - 60 95 100
(o-chlorophenyl) ethane 48 - - 20 - 85 100 -
1,1,1,2-Tetrachloro-2,2-bis{p-chloro- 24 - - - — — 0 40
phenyl) ethane 48 - - - - — 20 95
1-Trichloro-2,2-bis(p-bromopheny!) 24 60 95 95 - 100 100 100
ethane 48 95 100 100 - - - —
1-Tribromo-2,2-bis(p-chiorophenyl) 24 — - - — ] 5 45
ethane 48 - - — - 10 60 10¢
1- Trichloro-2,2-bis{p-fluorophenyl) 24 - 5 85 - 100 100 100
ethane 48 — 10 85 — - - —
1-Trichloro-2,2-bis(3,5-dichloro-2- 24 - 5 85 — 100 100 10¢
hydroxyphenyl) ethane 48 - 10 85 - - - —
1-Trichloro-2,2-bis(p-methoxy- 24 - 5 50 - 55 100 75
phenyl) ethane 48 - 20 100 - 95 920
1-Trichloro-2,2-di-p-tolylethane 24 - 5 50 — 55 100 100
48 20 100 - 95 - -
p,p' -Dichlorodiphenyl sulfide 24 - — - — — — 70
48 - - - - — - 70
Lowest concentration in which certain DDT-related compounds were found toxic to Anopheles 767

quadrimaculatus 4th instar:

(1) Two or more benzene rings, halogen on ring and aliphatic carbon:

Compound

1-Trichloro-2-{p-chlorophenyl)-2-{o-chlorophenyl} ethane
1-Trichloro-2-{p-chlorophenyl)-2-(m-chlorophenyl) ethane
1-Trichloro-2-phenyl-2-(p-chlorophenyl) ethane
1,1-Dichloro-2,2-bis(p-chlorophenyl) ethane
1-Chloro-2,2-bis(p-chlorophenyl) ethane

1,1-Dichloro-2- (p-chlorophenyl)-2-(o-chlorophenyl) ethane
1,1,1,2-Tetrachloro-2,2-hbis(p-chlorophenyl) ethane
1-Trichioro-2.2-his(p-bromophenyl) ethane
1-Fribromo-2,2-bis(p-chlorophenyl) ethane
1-Tribromo-2,2-bis{p-bromophenyl} ethane
1-Trichioro-2,2-his(p-fluorophenyl) ethane
1,1-D'1bromo—2,2—bis(p—chlorophenyl) ethane
1,1-Dibromo-2,2-bis(p-bromophenyl) ethane
1,1-Dichloro-2,2-bis(p-chlorophenyl) ethylene
1,1-Dichioro-2,2-bis(p-bromophenyl) ethylene
1-Trichloro-2,2-bis(5-chloro-2-hydroxyphenyl) ethane
1-Trichloro-2,2-his(3,5-dichloro-2-hydroxyphenyl) ethane

ppm

0.025
0.005
0.01
(.0025
0.1
0.025
0.1
0.0025
0.05

10 (insoluble in acetone)
0.01

10

10

1.0

10

>10

0.025
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Compound

1-Trichloro-2,2-bis{5-chlore-2-methoxyphenyl) ethane
1-Trichloro-2,2-bis(3,5-dichloro-2- methoxyphenyl) ethane
1-Trichloro-2,2-bis(3,5-dichloro-4- methoxyphenyl) ethane
Dinitro-1-trichloro-2,2-bis(p-chlorophenyl) ethane
1-Trichloro-2,2-bis{4-chloro-3,5-dinitrophenyl) ethane
Chlorobis(p-chlorophenyl) methane

Bromobis (p-chlorophenyl) methane

p-Chlorophenyl phenyl dichloromethane
1-Trichloro-2,2-dichloro-3,3-dichloro-4,4-bis(p-chlorophenyl} butane
2,2,3,3-Tetrachloro-1,1,4,4-tetrakis(p-chlorophenyl) butane

(2) Two benzene rings, halogen on aliphatic carbon only;

1-Trichloro-2,2-diphenyl ethane
1-Trichloro-2-phenyl-2-biphenyl ethane
1,1-Dichloro-2,2-diphenyl ethylene
1-Trichloro-2,2-bis{p-hydroxyphenyl) ethane
1-Trichloro-2,2-bis(p-methoxyphenyl) ethane
1-Trichloro-2,2-bis(2,5-dimethoxyphenyl) ethane
1-Trichloro-2,2-bis(3,4-dimethoxyphenyl) ethane
1-Trichloro-2,2-di-p-tolylethane
1-Trichloro-2,2-bis-(p-tert.-butylphenyl) ethane
1-Trichloro-2,2-bis-(p-acetoxyphenyl) ethane
1-Triechloro-2- (p-nitrophenyl)-2- {m-nitrophenyl) ethane
Dinitro-1-trichloro-2,2-di-p-tolylethane

(3) Two or more bhenzene rings, halogen on ring only:

Bis-(p-chlorophenyl) methane
o,p*Dichlorodiphenyl methane
Bis(p-bromophenyl) methane
Bis(p-chlorophenyl) methanol
1,1,2,2-Tetrakis {p-chlorophenyl) ethylene
Bis(5-chloro-2-hydroxyphenyl) methane
Bis(3,5-dichloro-2-hydroxyphenyl) methane
Bis{2,4,6-trichloro-3-hydroxyphenyl) methane
1,1-Bis{5-chloro-2-hydroxyphenyl) ethane
Bis{p-chlorophenyl) acetic acid
Bis(p-chlorophenyl} acetamide

Bis (p~chlorophenyl) methyl methyl ether
p-Chlorobenzophenone

p,p' -Dichlorobenzophencne

(4) One benzene ring, aliphatic CCly group.

¢ -Trichlorotoluene

¢, ,& -2-Tetrachlorotoluene

o ,a ,a -3-Tetrachlorotoluene

a,a ,o -4-Tetrachlorotoluene

a,o 0 -3,4-Pentachlorotoluene

o,a,¢ -2,4-Pentachlorotoluene

a ,a'-Hexachloro-o-xylene
a,0'-Hexachloro-m-xylene

o ,a'-Hexachloro-p-xylene

«,0',a' -Nonachloromesitylene
1-p-Chlorophenyl-2-trichloroethanoi-1
1-Phenyl-2-trichloroethanol-1
i-o-Chlorophenyl-2-trichloroethanol-1

{(5) Analagous structure, no halogen:

1,1-Diphenylethane
1,1-Diphenylethylene
Diphenylmethane

{6) Related sulfur compounds

p,p' -Dichlorodiphenyl sulfide

B, p’ -Dichlorodiphenyl sulfoxide

p,p' -Dichlorodiphenyl sulfone
1-o-Chlorophenyl-2-trichloroethyl-p-chlorobenzene sulfonate

ppm

>10
>10

>10
>10
>10
i0
10

>10

1.0
>10

>10
0.01
>10
>10
0.01
>10
10
>10
>10

>10
10
1.0
>10
>10
10
10
10
10
>10
>10
>10
10

10
10

0.1
10
1.0
>10
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6) Pharmacological, pharmacodynamic, physiological, etc., insects:

a) The mode of action of DDT is imperfectly understood. 353,2231,151,1%55

{1) Characteristic tremors indicate fundamental nerve tissue disturbances. 151

(2) Sensory nerves reported most sensitive, nerve ganglia least sensitive. 151

(3) Sensory impulses in abnormal bursts, with consequent spasmodic tremors, mediated by motor nerves. 151

(4) Disruption of sensory impulse coordination, with consequent behavioral abnormalities in movement, gait, 151
equilibrium,

b) Particle gize, shape and contact toxicity: 2194,2195,2196,2197

(1) Within range of crystal sizes to ca. 400 p, short term contact toxicity increased with needle length;
(breadth of crystal less important) in dipping tests with Tribolium castaneum.

(2) Suspensions of needle-shaped crystals were equitoxic with suspensions of much larger plate-shaped
crystals at same w/v concentration.

(3) Colloidal DDT, in short term contact toxicity tests (dipping) proved less toxic than any crystal sus-

pension.
oDT L.Csp, Tribolium castaneum
400 pneedles 1.0 (standard)
120" ¢ 2.1
240 x 140 pplate aggregates 2.6
40 u needles 3.9
60 x 15 pplates 5.1
Colloidal 17.0

(4) Temperature coefficients of crystal and colloidal suspensions differ in contact toxicity tests, At 12°-
30°C colloidal DDT showed a largely negative coefficient; coefficient for crystal suspensions (400 p or less)
was small to negligible.
(5) By injection (Oncopelius fasciatus), crystal and colloidal suspensions showed equal toxicity at 27°C,
as measured during 2 post-treatment days. In cool insects (10°C) colloidal suspensions were more
rapid acting than crystal suspensions, but the ultimaie mortality in 10 days of observation at cool
storage is equalized, the equalization taking place more rapidly (2 days) in case of DFDT.

I) Entry of DDT to insect body:

a) Via the insect cuticle {as in contact toxicity, residue action) absorption by, and penetration into, 846,3085,3270,
insect is highly efficient. Penetration is particularly effective in regions of thin, flexible cuticle. 3345,1008,1875

b) Via the gastro-intestinal surface: DDT is an effective stomach poison for many insects. At 1% 1915,353,2231,
in sugar, molasses baits DDT gave in 30 minutes 30%, in 1 hour 44%, in 24 hrs. 98% kills of 2974,3236,3270,
Musca. 2975
(1) Via either route wide variations occurred in susceptibility among different species of insects; some, sus-

eeptible to intraparenteral DDT, resist it by contact, and in some, gut wall penetration is very slight.

{2)In Musca the locus of application is reported to influence penetration rate, distribution, and accumula- 2972
tion at site of action. Area of contact was directly related to rate of penetration into the haemolymph and 3189
distribution over body. Distribution, from site of application, continues at a reduced rate in dead flies. 2975
Rate of absorption is generally correlated with susceptibility of an insect species and is a direct 1975

function of temperature.

(3) Topical application of C* labelled DDT and DDE, yields rapid absorption and wide internal distribution 2675
via haemolymph (although haemolymph does not accumulate DDT). In Periplaneta americana, ca, 75% 1975
of appled DDT is excreted as metabolite(s) in the feces over a 24 day period. With 40 ug/insect applied,
ca. 50% is absorbed in 24 hours, >>95% after 6 days, with foregut, hindgut, fat body, Malpighian tubules,
containing most of radioactivity.

(4) Dosage to kill one Musca domestica with topical application of 2 ug/fly: 1974
Site of Application Time of Amputation Site of % Mortality % Radioactivity Recovered
Amputation 24 hrs in Amputated Part
Tibio-femoral joint 30 minutes Iater At coxal joint 40 91
Tibio-femoral joint 4 hours later At coxal joint 82 80
Labellum 30 minutes later Whole labellum 84 90-93% in proboscis

Absorption and distribution of 10-20% of applied dose yielded full effect; locus did not influence ab-
sorption rate, but did influence effectiveness.

{5) Solution and accumulation of DDT in epicuticular waxes of insects is deemed important. 115
{6) Insect tarsus is important in the toxicity of DDT residues to insects resting thereon. Contact 2535,1453,401,

of tarsus of Glossina palpalis with residues brings poisoning in 2 seconds. 2736,1008

¢} Via injection into haemolymph of Periplaneta americana DDT is distributed to alimentary tract, gonads, 359

fat body, Malpighian tubules and thoracic muscle in large amounts and in the remaining tissues in lesser
amounts; heaviest accumulation is in the fat body, alimentary canal, muscles.

II) Site of action in insect: [Refs.: 1226,2041,3095,2688,2687,2686,520,845,381,277,3386,3278]
a) Typical symptoms of DDT poisoning in ingects are neuromuscular in origin.
b) It has been postulated, and supported by nerve potential studies, that tremors of DDT poisoned Periplaneta
are due to an intense, patternless bombardment of motor neurons by impulse trains originating in sensory
endings as a result of DDT action on unidentified nerve structures,
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¢} DDT has no significant action on the CNS,

d) Symptoms of DDT poisoning: In Periplaneta americana (sequence of appearance):

A) Hyperextension of legs, difficulty in maintaining posture; B) increasingly intense tremors of head,

body, appendages; C) ataxia, hyper-reflexia to stimulus; D) inability to remain uprighi, turn-over;

E) with insect immobilized on its back continuing leg movements viz., high frequency tremors with sSuper-

imposed slow flexion and extension; F) disappearance of tremor, leaving isolated residual movements, for

example, of mouth parts, antennae; G) paralysis, with heart beating for a day or more until death.

(1) The foregoing symptoms, for example tremors, leg movements were not affected hy:

Decapitation before or after DDT application; section of ventral nerve cord connectives caudad or

cephalad of mesothoracic ganglion; mesothoracic transection; mid-sagittal section of mesothoracic

ganglion; application of nicotine to the nerves.

(2) The following interventions suppress, or sharply reduce the typical symptoms of leg hyper-activity:
Removal of mesothoracic ganglion; fection o leg nerves laterally; application of nicotine to mesothoracic
ganglion. Phenobarbital suppresses DDT tremors {Drosophila virilis) in intoxicated insects and
phenobarbital pre-treatment prevents their development upon DDT exposure,

In the case of low dosages of DDT an intact reflex arc seems required to permit the development of the

leg symptoms. Very large doses appear to exercise direct action on motor fibers. Some direct action on

the myoneural junction is evidenced by the response to DDT of amputated legs (legs completely enervated,

with ganglia destroyed).

(1} Direct application of DDT to the isolated nerve cord yielded no change in electrical activity.

(2)DDT at 0.01 ppm injected into Periplaneta femur yields sharp repetitive, high frequency, (300-400/second)
trains of impulses over single fibers, which may be recorded from the crural nerve,

{3)In erustacean nerve axons DDT multiplied the response to single elecirical stimulus, giving prolonged
bursts of impulses reflected in tetanic contraction of the innervated muscle.

f} The neuromuscular action of DDT has been summarized as follows:

When DDT in contact with an insect penetrates to the sensitive parts of the nerve gystem, it sets up impulse

trains triggered by any stimulus and the insect passes into a state of intense hyperactivity and dies, ultim-

ately, of exhaustion.

(1) Oryzaephilus surinamensis, DDT treated, respires to about the same extent as the starving insect.
Breakdowns from hyperactivity may play their part in the mechanisms of death. The poisoned insect,
because of hyperactivity, cannot eat and energy reserves are rapidly depleted.

(2) Caterpillars, DDT treated, which begin to eat almost always recover. Glucose, in DDT-treated
cockroaches, prolongs life.

(3) The poisoned insect “‘burns out.” This theory explains the symptoms of initial, rapidly developed
stimulation and hyperactivity, followed by a slow death in paralysis.

o]
—

III) Anatomical evidences of DDT poisoning:

a) Histological signs directly attributable to DDT in insects are notable by their absence. 3345,353,2600
{(1)Some effects of a cytological nature on neurens and muscle cells of a cytological nature are 1422,519
reported by some.
{2) Applied to first abdominal prolegs of Heliothis armigera, DDT produced no histological effects 502
demonstrable in nerve or other tissues, Chromatin clumping in nuclei of fat-body cells was noted.
(3)No demonstrable effects on the gross or fine structure of nerve cord or other tissues, were remarked. 2600

IV} DDT and temperature effects: [Refs.: 3189,2326,2011,2016,2532,2598, 1305, 1561,2536,965,1329,1708]
a) A negative temperafire coefficient, with insects more susceptible to DDT at low than at high temperatures,
has been demonstrated for several species. The effect was first demonstrated on adult Musca domestica using
DDT contact sprays.
(1) Effect apparently obtains regardless of route of application:

Periplaneta americana ¢ Topical LDgo 5 days 5-10 pg/insect at 15°C . 3189
" " " " " " 75-100 pg/insect at 35°C
" " " Injection " " 2-3  ug/insect at 15°C
" " " " "oon 20-25 g/insect at 35°C

{2) For Tribolium castaneum adults the LCs of DDT, in refined white oil, in post-treatment temperature 2532

of 80°F = 0.95% w/v and at 65°F storage was 0.36% w/v, the potency, under conditions of cold before and
after treatment, being 2.61 times that observed under conditions of warm storage of insects before and
after treatment.

(3) For Blatiulla germanica topical LDs, at 32°C - 40.8 pg/insect; at 22°C = 12,9 .g/insect; at 14.5°C = 1305
2.1 pg/insect.
(4) Calliphora erythrocephala at 20°C markedly resists DDT poisoning by topical application; if treated 3078

with DDT, exposed for 2 hours at 36°C, and then restored to 20°C, toxic symptoms rapidly appear
which disappear on removal of the insects once more to 36°C. Similar reversibility was demonstrated
for Periplaneta at 15°C and 35°C temperatures,
(5}In A@des aegypti larvae the temperature coefficient for DDT, by injection, is claimed to be positive: 1628
1 pg/g at T5°C vielded 759 mortality and at 30°C 88% mortality; 0.5 ug/g at 15°C yielded 60% mortality
and at 30°C 70% mortality. This effect was the reverse of that found in the case of larvae exposed to
DDT in suspension in the larval environment.

V) DDT and enzyme systems: [Refs.: 66,2724]
a} Numerous claims have been advanced of inhibitory effects of DDT on various enzyme systems:
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{1) At 107%, 10-° M DDT is reported to inhibit completely cytochrome oxidase from Periplaneta coxal 2305
muscle in in vitro systems, as measured by O uptake in Warburg’s apparatus.
{(2) At 10-*, 10~° M, inhibition of carbonic anhydrase is claimed by some and denied by others, to account 3102

for DDT toxicity in insects. 1755
(3}In vitro or in vivo inhibition of acetylcholine esterase by DDT was not demonstrable. 2569,3096,1984

VI) DDT and respiration:
aj The oxygen uptake of DDT poisoned ingects is markedly increased. 1441,353,2231,
2041
{1) DDT, at 100 pg/insect by injection in Blattella germanica brings immediate increase in Oz uptake to 1441

3xs normal in 3 hour during the stage of hyperactivity; with onset of paralysis O, consumption declines 3095
rapidly {ca. 1 hr. after treatment) and continues to decline to the time of death. In the final stage< of
paralysis, respiration is probably by diffusion only.

{2} DDT, like lindane, pyrethrins, DNOC proved a stimulant of respiration (O» uptake) in adult Oryzaephilus 2041
surinamensis dusted with toxic concentrations of DDT. Various analogues of DDT including DDD,
methoxychlor, DFDT, dibromo-DDT, ditodo-DDT, etc., gave gimilar response. Only toxic concentrations
yielded the response; sub-lethal concentrations had no effect. Total O. uptake of treated insects and
conirols showed no significant differences and it was assumed that in starvation DDT and its relatives
do not influence total respiration.

(3) Similar results have been obtained in case of Phormia regina adult and larva. Popillia japonica larva, 383
Tenebrio molitor adult. The enhanced respiration was associated always with the hyperactive phase 2055
of intoxication. Depletion of body reserves and carbohydrates content, glycogen, glucose, fat, water, 2224

has been noted. Prevention of muscle tremors in Tenebrio with narcotics suppressed the increased

Q. uptake.

VII) DDT, metabolic fate: 2022
a) DDT is metabolized in insects. For example, Oncopeltus fasciatus (a DDT tolerant insect) rapidly  985,2975,430,
metabolizes injected, sub-lethal doses given in acetone; DDE is metaholized, as is DDA. 2708,2474
{1) Periplaneta americana metabolizes DDT to 2,2-bis-{p-chlorophenyl)-1,1-dichloroethylene (DDE) 3189
and other metabolites. Using C* labelled DDT, 80% of the radioactivity in the feces is due to 2675
metabolites containing the diphenyl moiety of DDT, < 10% of radioactivity is due to DDE, DDT or 2976
DDA (2,2-bis-{p-chlorophenyl) acetie acid; < 1% of DDT injected or topically applied is excreted as 430
C¥ 0, in experiments conducted at 28°C on adult ¢ insects. The fecal metabolites tested vs. Musca 2708
are < toxic than DDT. Thus in addition to DDE (an)other metabolite (s) must be present containing 2022

the diphenyl-ethane structure, as well as other compounds.

(2) In Deriplaneta, T2 hrs, after dosage with C* labelled DDT, the radioactivity was concentrated following 2675
topical application in foregut, hindgut, fat body, Malpighian tubules. After injection of DDT into blood 359
stream it could be found in alimentary tract, gonads, fat body, Malpighian tubules, thoracic muscle, and
other tissues, with metabolism of DDT to DDE apparently taking place in all the tissues of distribution.

(3)In Epilachna varivestis DDT is broken down to DDE, but neither DDT or DDE is excreted and further 297H
degradation is indicated. Topically applied DDE, is degraded to unknown substances. This insect is
tolerant of DDT, penetration being slow and matched, very likely, by detoxification.

{(4)In Argyrotaenia velutinana larva, topical DDT enters slowly via the cuticle, and is rapidly excreted by 2975
the gat after oral administration. The foregoing, plus rapid metabolism (DDE is excreted) and de-
toxification prevents DDT accumulation in body, The insect is DDT t{olerant.

(5)Tn Melanoplus femur-rubrum and M. differentialis which resist topical and oral (but not injected) DDT, 2975
metabolism in gut and cuticle, with consequent detoxification, yields DDE. Further degradation of DDE
to unknown substances is indicated for M. femur-rubrum. Much of the DDT in oral dosage is excreted
unchanged in feces.

{8)In DDT-S Musca domestica, metabolism of DDT {o DDE occurs, but the detoxification is not swift 2974
enough to forestail the accumulation and lethal action of DDT at its site of action.
(7) Trogoderma larva, naturally tolerant of DDT, is reported not effectively to alter DDT metabolicaily. 3332
{8) The nature of the metabolite{s) which in treated insects is {are) supposed to represent that part of the 318%
applied dose not recoverable as DEBT or DDE remains unknown. In Periplaneta this (these) unknown(s), 2876
stable to KOH and Hz50, behaved somewhat like p,p' -dichlorobenzohydrol. DDA (2,2-bis- (p-chloro- 3202
phenyl) acetic acid), the principal water soluble metabolite in rabbits, is seemingly not the anknown 3334
factor. Musca domestica, treated topically with DDA, yielded 95-100% of the total dose as a salt 3332
within 30 hours. 430,2708
h) Metabolism of DDT in DDT-R insects: {Also see Addendum]} 2233
{1)Degradation studies of C labelled DDT in 7 DDT-R Musca domestica biotypes showed DDE, 2474

{2.2-bis-{p-chlorophenyl}-1,1-dichloroethylene) to be the sole significant product of DDT metabolism.
Both DDT and DDE were presert in ether solubie fecal fraction. Ratio of DDE: DDT increases with
time after dosage. Very small amounts of radioactive product{s) appeared in the water soluble fecal
fraction.

(2)An enzyme from tissues of DDT-R Musca domestica catalyzes the dechlorination of DDT {o non-toxic 2871
DDE, The enzyme appears to require glutathione as activator and is irreversibly inhibited at pH 3.5
or less with maximum activity at ca pH 7.4; temperatures much >37°C (e.g. 43°C) reduce the enzyme
activity to vanishing point; at 27°C activity is ca. 50% that at 37°C; rate and time characteristics of
continued enzyme action were better maintained under nifrogen than under air; the enzyme is highly
specific, attacking only those analogues of DDT which are sterically similar to if; the enzyme appears
in all DDT-R biotypes examined but not in DDT-8 biotypes.
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¢} Action of certain ‘“synergisis’’ on DDT effects and metabolism:
(1) Piperonyl cyclonene (q.v.) applied simultaneously with DDT to DDT-R Musca biotypes was reported to 2478

potentiate the action of DDT and reduce the ability of the DDT-R insect to detoxiiy DDT, 1591
(2)In Periplaneta americana, piperonyl eyclonene is said to inhibit absorption of DDT and metabolite 2875
excretion.
{3) Certain non-insecticidal DDT analogues are > effective than piperonyl cyclonene in potentiating DDT 2091
action in DDT-R Musca biotypes., Some of these *‘synergists’ inhibit the DDT-dehydrochlorinase of 2299
DDT-R flies in vitro.
(4) Di- (p-chlorophenyl) methylcarbinol (DMC), q.v., potentiates DDT vs. DDT-R Musca. It is suggested 2473
that the synergist competes with DDT for the DDT detoxifying agent {s) in the fly. DMC inhibits DDT- 2299
dehydrochlorinase in vitro.
{5) The non-insecticidal DDT analogues which potentiate DDT action on DDT-R Musca biotypes have no 2001
potentiating action whatsoever on DDT-5 biotypes. 2299
{(6) Effects of piperonyl cyclonene on mortality and degradation of DDT to DDE as measured 24 hrs. after 1591
topical application to several DDT-R biotypes of Musca domestica:
Biotype Toxicant % Internal Toxicant Applied % Internal
Appiied  Kill DDT  DDE kil DDT DDE
(per Fly) in living flies in dead flies
Lg/fly  pg/ily ug/fly  pe/ily
Berkeley 0.1 ugDDT 95 0,02 0.03 0.1 yg DDT + 5 ug PC* 80 0.02 0.01
Laton 0.5 " " 51  0.01 0.24 0.5 " " +10ug" 100 0.11 0.01
Super-Laton a5 " " 49 0.12 1.12 25" " +10" " 100 0.5 0.19
Bellflower 50 " " 42  0.29 1.58 50 " " 425" ™ 88 0.72 0.25
*=Piperonyl cyclonene. Piperonyl cyclonene apparently inhibits conversion of DDT to DDE.
(7)Distributior of DDT, DDE after topical application of 50 pg DDT + 25 g piperonyl cyclonene/insect io 1591
Musca, Bellflower biotype:
Site of Application DDT {ug) in DDE (pg) in
Head Thorax Abdomen Head Thorax Abdomen
Head 0.1 0.066 0.020 0.001 0.033 (.035
Thorax .004 .119 .061 .008 .029 .048
Abdomen 0 .049 .138 .002 024 061

DDT tends to remain in the segment of application but with some internal distribution elsewhere;
DDE is always found in the abdomen regardless of DDT application site.

(8)DDT and other compounds: Action with synergists vs. Tribolium castaneum: 1509
Adjuvant (Synergist)*
Exposure To Insecticide PB PC sC NP OBD
Film {residual} DbT — 0 0 - (+)
" " Pyrethrins + + + + Y
" " Lindane (+) 0 {+) 0 0
Contact Spray DDT 0 ] + — (+)
" " Pyrethrins + + + + 0
" " Lindane + + + (+) 0

*PB=piperonyl butoxide, PC=piperonyl cyclonene, SC=n-octyl sulfoxide of iscsafrole, NPI=condensation
product of isosafrole + n-propyl maleate, OBD=n-octyl hicycloheptene dicarboximide; ++marked synergism,
(+)=slight synergism, O=no effect, — = marked antagonism.

VIII) DDT and resistance thereto: (also see the general treatment titled Resistance}

IRefs.: 2233,148,153,2223,373,3057,423,1597,2376,1762,2434,2723,2274,374,372,1805,2021,2096,2097,2558,2972, 230,

282,438,763,765,972,1091,1803,2052,1975,1361].

a) Biotypes resistant to DDT have appeared among wild or field ‘“‘populations®’ of several insect species
and resistance has been elicited experimentally from originally DDT-susceptible biotypes by successive
generations of exposure and selection.

{1) Among the insect genera and species in which resistant biotypes have been observed among field
or wild “populations,’’ subjected to the selection pressure of DDT exposure over periods of time, are:
Musca, A8des, Culex, Anopheles, Pediculus, Psychoda {family), Cimex, Carpocapsa, Pieris,
Leptinotarsa (?), Pulex, Plutelia, Blatta, Triatoma, Bodphilus, Erythroneura variabilis, Trichoplusia,
Lygus, Sceleroracus vaccinii, Rhopobota naevana, Drosophila.

{2) Resistance of various Musca, and mosquito, hiotypes is perhaps the most intensively studied.
[Refs.: 272%,22%4,372,2434, 1805,2021,2007,2558,2072,230,282,438,'763,765,972, 1091, 2052, 1803,1193]
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b) Tabulations to illustrate the trend of DDT resistance (tolerance) development in field and laboratory;
Musca domestica:

Field

Year Danish Farm* Farm I Farm II Laboratory

No. Sprayings Estimated LDy 24 hr, Topical LDsy 24 hrs, Topical

with DDT Control (%) {ug/fly) At 80°F (pg/fly) At 80°F
1945 ? ca 100 0.2 0.18 0.33 (ox;iginal strain)
1946 several decreasing 0.3 0.4 18 generations exposure
1947 several decreasing 0.8 0.7 of original strain and descendants
to maxiim’um DDT levels

1948 ? ca 0** 8.1 9.0 >100pg/fly (DDT-R biotype)

*Flies breeding abundantly in calf boxes of treated cow sheds.
**Ca 100% control yielded by BHC.

¢) Development of resistance in mosquito ‘‘populations:”’

(1)Increased tolerance of mosquitoes to DDT has been recorded for various species in many parts of the
world, among the species: Culex pipiens, Culex gquinquefasciatus, Culex tarsalis, A&des nigromaculis,
Aé&des dorsalis, Aédes taeniorhynchus, Aédes sollicitans, etc.

{2) The tolerance is manifested by both larvae and adulfs and many times the rate of application of DDT
once controlling no longer vields control.

d) Resistance in insects of public health importance other than flies and mosquitoes:

{1)Strains of lice (Pediculus humanus corporis) in Korea were observed to tolerate maximal concentrations 915
of DDT in dusting powders. These biotypes retained their sensitivity to lindane, pyrethrins, toxaphene.

¢} Experimental confirmations, observations, interpretations:

{1)In Musca domestica, intensive inbreeding and selection of ‘““populations’’ in which adults and larvae have 373
been constantly exposed to DDT, lead to the appearance of biotypes tolerant in greater or lesser degree
to DDT when compared to the “‘population’’ of origin. This comprises selection by exposure, over several
generations, of adults and larvae to DDT and the repeated inbreeding of the survivors. Continued ex-
posure eliminates susceptibles with consequent inbreeding of relatively tolerant survivors. By constant
selection, and inbreeding, in presence of DDT, intensification and fixation of the factors responsible for
tolerance occurs, until maximum tolerance is attained. Genetically speaking, in terms of tolerance to
DDT, homozygosity for resistance is achieved in step-wise fashion. Exposure of adults and larvae,
intensifies the selection process.

(a) Experimental establishment of tolerance, during the early generations of exposure, proceeds slowly.
Once resistance has appeared the tolerance is rapidly enhanced to its maximum under the continued
pressure of selection. Finally, resistance is raised to such levels that the selected biotype{s) may
be maintained in a heavily DDT-treated environment.

{b) DDT tolerance, once established, persists. A field biotype resistant to DDT showed no tolerance
loss 2 years after the exposure to DDT was discontinued. Laboratory resistant biotypes in absence
of outbreeding have, with no further DDT exposure, held their tolerance at a constant level for
>30-50 generations. Reversions from tolerance to susceptibility have, however, been noted.

(c)Resistant biotypes, whether field collected or produced by selection in the laboratory, have often
proved markedly tolerant of DDT analogues and other chlorinated hydrocarbon insecticides to which
they had never been exposed {‘‘cross-tolerance’').

(d) Genetically, the phenomenon of resistance to DDT appears to be one of multiple factor inheritance,
and the loci invelved are not sex-linked but borne by both sexes. Crosses yield a “*blending inheri-
tance’’ of resistance characters which may persist, in absence of further DDT exposure, without
change through as many as 15 generations.

{e) DDT tolerance in some resistant Musca bictypes accompanies the ability to metabolize {detoxify)
DDT more or less rapidly and completely to non-toxic or markedly less toxic substances,

(f } Other physiological differences, for example, development rate, size and behavior, may distinguish
the resistant biotype from the ordinary “‘wild-type’’ strain(s).

(2)In Drosophila melanogaster successive spraying with DDT suspensicn of adults of a wild colony and 3057
their surviving progeny, through several generations yielded, as in Musca, resistance to DDT. The 2223
rate of development of resistance depended: a) On the relative proportion of resistant to susceptible 2389

individuals in the original “‘population;’’ b) intensity of selection as measured by DDT concentration,
mortality rate, or both. Two premises are available to account for the facts: I) Natural selection working
on available genetic variability in heterogeneous (heterozygous) ‘‘populations’ leads to increasing

gene frequency of resistance-conferring factors; II) Direct response (ad hoc response) of adaptation by
the insect to the insecticide in which case the homogeneity or heterogeneity of a ‘“‘population’” should

not matter,

(a) Experiment proves that:
I} The ability to become DDT-resistant is related to the genetie variability of the original stock.
I} Failure of certain *‘populations’” derived from intensely inbred stocks, hybrid or laboratory in
origin, to develop enhanced tolerance to DDT, indicates that the proper genes must be present
in the original ‘‘population’’ subjected to DDT selection pressure, for resistance to appear.
[I) Resistance development is directly related to selection pressure.
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IV) Resistance usually increases most rapidly during the first few months of selection.

V) Each stock subjected to selection tends to have, finally, a level of resistance different from other
stocks.

VI) Resistant stocks differ from each other and from controls.

VII) Resistance level does not necessarily remain static; 3 resistant ‘‘populations’’ were noticed to
undergo a decline in resistance despite continued exposure to DDT. Such populations may have
failed to attain homozygosity for the factors conferring resistance or may have undergone mutation
to susceptibility at one or more of the loci involved.

f) Biochemical factors in DDT tolerance:

(1) Ability of certain DDT-R biotypes to convert DDT to DDE, Musca domestica: 1591
Biotype Topical Condition DDT DDE
DDT Applied After Recovered Recovered
{1/ fly) 24 hrs (pg/fly)  (ug/fly)
Dead 0.0286 0.024
Berkeley 0.05 (LDso) Living 0.015 0.033
" 2.0 Dead 0.371 0.034
Dead 0,127 0.107
Laton 0.5 (LDso) Living 0.005 0.241
Dead 0.204 0.643
Super-Laton 2.5 (LDso) {Living 0.120 1.121
_ Dead 0.520 0.967
Bellflower 5.0 {LDsy=7.4 pg) Living 0.202 1.576
Total DDE formed varies directly with LDs,.
(2) Rate of absorption of DDT by DDT-R and DDT-S biotypes: 1591
Time DDT Topical {2 pg/fly}% Absorbed By
(hrs) Berkeley* Super - Laton Bellflower
2 32 42 45
12 57 T2 74
24 63 85 85

*All dead at 12 hrs,

DDT-R biotypes appear to absorb DDT more readily than DDT-S biotypes. Temperature influences:
In Bellflower 24 hr absorption at 13.5°=18.4%; 26°=67.4%; 32.5°=71.2%; % mortality is in opposite order.

{3) Amount DDT and DDE in Bellilower (DDT-R biotype) at various times after 5.0 ug/fly topical. 1591
Time After (ug/ fly)
Exposure (hrs) External DDT Internal DDT Internal DDE Unaccounted For
24 2.154 0.288 1.718 0.839
48 1.6 0.189 1.756 1.455
72 0.969 0.103 1,311 2.707
96 0.732 0.143 1.871 2.254

(4)DDT and DDE, from larvae, pupae and adults of Bellfflower (DDT-R strain), reared in a larval medium 1591
containing 0.5% DDT, a dosage which permits but 50% pupation and pupal emergence:

Stage Age (days) DDT Recovered DDE Recovered
(pg/f1y) {pg/tly)
Larva 3 2.81 21.89
Larva 6 0.64 14,34
Pupa {early) 7 0.41 10.45
Pupa {late) 11 0.35 10.03
Adult (just emerged) 12 0.33 9,94
Adult (3 days old) 15 0.21 9.53
Adult (6 " } 18 0.09 6.65
(5) DDT and DDE in tissues of 3 day old adult flies reared as above, Bellflower biotype: 1591
Tissue DDT ug/fly DDE pg/fly Ratio
Cuticle 0.2 11.1 55
Gut 0.07 1.6 23
Fat Body 0.14 2.8 20
Muscle (thorax) 0.06 0.9 15
Nerve Cord 0.04 0.6 15
Blood 0.03 0.1 3

Cuticle, fat body (+ ovary) are the apparent chief depot sites of DDT. Integument appears to be the
site of conversion of DDT to DDE.
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{6) Summary of biochemical differences between DDT-R and DDT-5 Musca domestica:

(a) Initial absorption rates of topically applied DDT reported not to differ significantly in DDT-R and 2972
DDT-8 biotypes. 3337
(b) Detoxification: 2074,3043,
1) in DDT-R biotypes: 24 hrs after topical application ca. 35% of applied DDT remained 2015,1597,

unabsorbed on surface, 5% unchanged DDT was within the insect widely distributed but with  3337,3338,
concentration in fat body. Of the rest of the applied dose {80%) ca 30% was recoverable as 420,2094,
DDE concentrated in cuticular hypodermis in which the chief site of detoxification, by con- 2096,2097,

version of DDT to DDE by the enzyme DDT-dehydrochlorinase, is believed to be. This 3332,2971,
enzyme also dechlorinates DDD and methoxychlor and may account for the cross-tolerance  2973,1078,
of DDT-R biotypes for these toxicants. The remaining DDT proved recoverable by thorough 2474,

extraction of tissues. DDE appears to be the sole metabolite of DDT.
I} In DDT-S biotypes topically applied DDT rapidly enters the body to appear in largest con- 1933,2013,

Centration in Malpighian tubules and gut as DDT unchanged. Very slight conversion to 2477,3332,
DDE has been demonstrated in absence, however, of any demonstrable DDT-dehydro- 2971,2974,
chlorinase. 3043.
I} The ability to detoxify DDT by conversion to DDE is accepted by some as the major factor 2476
presently demonstrable to account for DDT tolerance in DDT-R biotypes. Storage of DDT in 2475
body parts where it is relatively harmless is also considered to play a part in tolerance, since 152
unchanged DDT could still be recovered from DDT-R biotypes in amounts sufficient to kill 2971

suscepiible flies, in spite of the high efficiency of the detoxifying mechanism. Some believe
that other factors are, at least in part, at play.
{c) Respiration, O: uptake:

I} DDT-S biotypes of Musca respond to DDT by a pronounced increase in 0, consumption during 1078
the phase of hyperactivity. DDT-R biotypes are reported to show a much lower degree of
stimulation of O, uptake than DDT-S biotypes at equivalent dosages.

{d) Synergism: _

1) The role of certain synergists in blocking the detoxifcation mechanisms competitively with DDT
has been discussed above.

{e) For additional tabular evidence of resistance to insecticides among insects and general considerations
gsee the section titled, Resistance.

7) Field experiences in the control of insects with DDT:

a) Reports of field experiences with DDT are too numerous to permit review here. Those interested will
find excellent treatment of this aspect in such periodicals as the ““Journal of Economic Entomology,”
“Agricultural Chemicals,”” ‘‘Soap and Sanitary Chemicals,”” “‘Annals of Applied Biology,’” etc., from the
year 1940 onward.

Addendum; recently published data:

1) Metabolism of C™ Iabelled (radiocactive) p,p'-DDT by Leucophaea maderae (adult 2} and Pyrausta nubilalis 2022
(5th Instar larva):
a) Leucophaea maderae:

{1} Topical DDT was rather slowly absorbed, ca 90% applied dose in 20 days.

(2)50% of total DDT applied was excreted over period of 36 days.

{3) Paper chromatographic separation of radicactive compounds in the feces revealed: Presence of DDT,
DDE, and 3 unidentified metabolites, with DDT predominant during first 24 hours after treatment, after
which a metabolite with an Rg value of 0.88 was the major radicactive compound excreted (see proposed
pathway schema below).

b} Pyrausta nubilalis:

{1 Reveals some folerance of DDT with the conversion of significant amounts of absorbed DDT to DDE.

(2) By colorimetric and radiometric analysis no metabolite other than DDE proved demonstrable.

(3} 15% of the total applied dose was absorbed in 120 hours.

¢) Proposed metabolic schema for DDT in Leucophaea maderae ¢ (adult)

Excreted as DDT, 12§ Metabolite C, 69%; Excreted

= oor=l
Undetermined, 9% l Metabolite A, 1%; Excreted

DDE

/\.

Excreted as DDE, 2% Metabolite B, 7%: Excreted.

2) Temperature and Life Cycle Stage, Fffect on Toxicity and Metabolism of DDT in Musca domestica; Menn,
J.J., et al.,, The Journal of Economic Entomology 50(1): 67, 1857
a) 25 ppm DDT in larval diet of 2 DDT-S biotype (Stauffer straln) ylelded >1 yg DDT and DDE/adult fly with
30% of the insects dead soon after emergence from pupa.
b) 25 ppm DDT in larval diet of a DDT-R biotype (Bellflower strain) yielded €<.DDT and >DDE in the emerged
imago and no mortality.
{1)DDT at 2000 ppm in larval food yielded 100% kills of DDT-8 larvae.
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(2)DDT at 2000 ppm in larval food (DDT-R biotype) yielded larvae containing less than 1 g DDT/insect with
decrease to unappreciable amounts in the imagos; in larvae DDE was present at 9ug/larva, decreasing to
3.5 pg/imago. Mortality was 30% of the emergent imagos,

LDso, DDT in oil, DDT-8 biotype: At 15°C 0.052 pg/fly; at 25°C 0.112 ug/fly; at 35°C 0.252 ug/fly.

LDso, DDT in 0il, DDT-R bictype: at 15°C 1.6 pg/fly; at 25°C 3.84 pg/fly; at 35°C 7.8 ug/fly.

(1) Temperature coefficients are uniformiy negative and vary from 2.0 to 2.4.

Absorption by adult Musca of DDT in oil increased with temperature (but the influence of temperature was

less than that on absorption from dry deposits).

(1) Initial absorption differences at 35°C and 25°C fade out within 24 hrs., and by 48 hrs. total absorption is
the same at 15°C, 25°C, 35°C.

(2) Rate of DDT metabolism is of particular importance in the first few hours; % of absorbed DDT meta-
belized at 35°C:

At Hr(s) DDT-R DDT-8
1 48%, 3.6%
2 67% 15 %
4 74% 23 %

(3) After a few hours the temperature coefficient (35°C/15°C) of DD'T metabolism increased steadily while
the coefficient of absorption decreased. Thus it is concluded that if a fly lives for a few hours at the
higher temperature the chances of its survival are enhanced. Increased temperature favors survival
whenever exposure conditions are such that afier a short interval the rate of detoxification or excretion
exceeds the rate of intake unless single exposure dosages are so great that death of the insect vccurs
within a few hours. Massive doses always have a positive temperature coefficient.

3) Toxicity of DDT in acetone and in oil solutions for adult Musca domestica; Barker, R.J., and Abd-el-Rahman
Rawhy, The Journal of Economic Entomology 50{1): 105, 1957:

a)

b)

c)

Mortality of 2 day old adult Musca (imagoe) NAIDM biotype treated with DDT in redistilled acetone and
Shell Risella Oil 117 applied by the measured drop method to the pronotum with holding temperature at
25.5°C, R.H. 30%:

LDso, 24 hrs. {(ug/fly)

DDT in acetone DDT in pil
0.134 {0.127-0.142) slope 6.19 + 0.58 0.566 (0.475-0.675) slope 9.26 + 0.45

Imagos of a DDT-R hiotype treated with 0.8 pg DDT in 1.23 u liters of acetone vielded a mortality of
1.7% (904 subjects); following 0.8 pg DDT in 1.23 p liters oil, 21.2% of 695 subjects succumbed in the
biotype ordinarily DDT immune. Oil alone yielded a 0.5% mortality (195 subjects).

(1)} A highly DDT-R biotype treated with 0.8 pg DDT in 1,23 pliters solvent, 24 hrs exposure yielded the
following: 74.1 + 14.6% absorbed in case of DDT in acetone and 40.7 + 11.9% in case of DDT in oil.
Estimated absorption of the LDso 24 hrs. in acetone (see above)=98% and of the LDsy 24 hrs. in oil (sce
above} = 65%.

DDT, topically applied in acetone is 4.2 times as toxic to Musca images when compared with DDT in

petroleum oil; dosage-response curves are not parallel. On resistant biotypes 0.8 ug DDT in oil proved

more toxic in oil than in acetone. More DDT was absorbed from acetone than from oil solution with the
difference apparently insufficient fo explain the differences in mortality,
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BIS-(DIMETHYLAMINO)-FLUOROPHOSPHINE OXIDE
(Bis-(dimethylamino)-fluorophosphate; BF PO; Dimefox;

Hanane.)
(CHs).N O
\P/ Molecular weight 154
(CH;):N~~ F
GENERAL [Refs.: 2118,2128,353,2281,665,554,2769,2252,2253,1415,2942 ,2773]

An aminocfluorophosphate insecticide of the general group of organophosphorus insecticides (see the general
treatment of). Closely related to Mipafox (Isopestox ), q.v. Possesses high systemic insecticidal powers in

control of beetles, caterpillars, aphids, etc., but treated crops have been deemed too toxic for human consumption,

Solutions, at 0.02-0.05% in water applied to the roots of plants render the juices and tissues insecticidal—a
property referred to by Schrader as a ‘‘chemo-therapeutic’’ effect and by Martin as a ‘*systemic’’ effect.

PHYSICAL, CHEMICAL

A colorless, mobile liquid of faint odor; vapor is intensely poisonous; d%% 1.12; b.p. 67°C*mmHg, gg°c*®mmHg; 2651
v.p. 0.18 mmHg at 15°C, 0.36 mmHg at 25°C, 0.4 mmHg at 30"C volatile, with a vapor concentration at 25°C of 2231
2200 mg/m a 15°C of 1130 mg/m ; evaporation constant 0, 2 C miscible in water and most organic solvents;
half-life at pH 4=8.6 days, at pH 6= 2 years, at pH 8= > 10 years; in vitro a weak anticholine esterase agent.
TOXICOLOGICAL
1) Toxicity for higher animals:
Animal Route Dose Dosage Remarks
(mg/k)
Rat or LDso 7.5 2410
Rat ip LDso 5.0 861
is-diethylamino- * 160 mg/k 2231
Mouse sc LDso 1.0 bis-dibutylamino-* 16 mg/k
bis-dicyclohexylamino-* 9 mg/k
Mouse ip LDy 5.0 861
Mouse ip LDso 1.4 2410
Guinea Pig ip LDs 2.5 2410
Dog iv LDso 5-10 2410

*fluorophosphine oxide

a) Weak in vitro capacity for choline esterase inhibition; the conversion to highly toxic substance (s) occurs 1415
metabohcally in the susceptible animal body.

b) Residues {toxic): 0.1 ppm deemed a **nii*’ residue in cocoa by U.S. Food and Drug Administration; 2651
apalytical methods detect residues of (.02 ppm.

(1) As concerns toxic residues, it is the original substance BFPO which is significant and not the meta- 1415
bolites or breakdown products thereof.
2) Phytotoxicity:

a) Its use as a systemic insecticide would imply a relatively low phytotoxic potential. Phytotoxicity for 2651
grape foliage is reported. 1375
{(1)May be sprayed upon plant foliage (wasteful because of the high vapor pressure.)

(2) May be applied to the trunks of trees to be treated.
{3) May be applied to the roots by watering or the implantation in soil of soluble capsules confaining the
insecticide.
{4) Not phytotoxic for cocoa or coffee plants; no phytotoxicity observed for other plants. 1374,1375
3) Toxicity for insects:
a} Results reported on the use of Hanane vs. plant pests: 1700
Plant Pest Type of Concentra- Type Of Result Place Of
Experience tion Used Application Experience
Plum Anuraphis padi Field 0.017% Foliage Spray good control United Kingdom
Strawberry Capitophorus fragaefolii  Field 0.06% Foliage Spray 90% Kill United Kingdom
" Amphorophora rubi Field 0.045% Foliage Spray 91% Kill United Kingdom
' Macrogiphum gei Field 0.045% Foliage Spray 91% Kill United Kingdom
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Plant

Strawberry
Currant
Brussels sprout
Beans

Cocoa

Coffee

Cotton’

Mangold

Sugar beet
Tulip

"

Dahlia

18. BIS-(DIMETHYLAMINO)-F LUOROPHOSPHINE OXIDE

Pest

Macrosiphum rosae
Eriophyes ribi
Brevicoryne brassicae
Aphis fabae
Pseudococcus njalensis
Pseudococcus kenyae
Hercothrips fumipennis
Myzus persicae
Myzus persicae
Macrosiphum eupharbiae
Aulocorthum
circumflexum
Aulocorthum solani
Masonaphis rhododendri
Myzus ascalonicus
Myzus persicae
Rhopalosiphoninum
latysiphon
Aphis fabae
Myzus persicae

Type Of Concentra-
Experience tion Used

Type Of
Application

Field 0.045%
Field 0.06%
Field 0.15%
Laboratory 0.05%
Field 50%
Field 0.36%
Field

Field 0.05%
Field 0.2%
Field 0.02%
Field 0.02%
Field 0.02%
Field 0.02%
Field 0.02%
Field 0.02%
Field 0.02%
Field 0.04%
Field 0.1%

Foliage Spray
Foliage Spray
Foliage Spray
Foliage Spray
Soil
Soil

10lbs/acre Irrigation H,O

Foliage Spray
Foliage Spray
Foliage Spray

Foliage Spray
Foliage Spray
Foliage Spray
Foliage Spray
Foliage Spray

Foliage Spray
Soil
Foliage Spray

Result
91% Kiil
poor control
99% Kill
100% Kill
99 9% Kill
100% Kill
97% Kin
100% Kilt
98% Kill
98% Kill
98% Kill
98% Kill
98% Kill
98% Kill
98% Kill
98% Kill
80% Kill
100% Kill

b} Comparison of effect as a contact and a systemic insecticide. Applied as soil treatment:

Concentra- Dosage Insect % Mortality After:
tion Per Plant 24 10 20 30 40
0.4% 2cc Brevicoryne hrassicae 65 89 27 0 7
0.4% Sec " " 78 86 54 15 4
0.4% 10cc " " 92 100 73 15 3
0.4% 10cc Aphidius brassicae 8 4 ¢ 0 0
0.4% 10cc Coccinella septempunctata 7 o 0 1 0
0.4% 10cc Syrphid larvae 0 1 0 0 0
¢) Effect on natural predators of Brevicoryne brassicae:
(1) On plants sprayed with a 0.4% solution af 2cc/plant.
(2) Compare with the foregoing table.
Predator % Mortality After:
24 10 20 30 40
hrs  days days days days
Brevicoryne brassicae (prey) 100 88 62 21 9
Coccinella septempunctata 100 12 2 0 0
Aphidius brassicae 100 4 0 ¢ 0
Syrphids (larvae) 100 6 0 0 ¢

Used to control pests of cocoa and coffee trees:

Place Of
Experience

United Kingdom
United Kingdom
United Kingdom
United Kingdom
West Africa
East Africa
Sudan

United Kingdom
United Kingdom
United Kingdom

United Kingdom
United Kingdom
United Kingdom
United Kingdom
United Kingdom

United Kingdom
United Kingdom
United Kingdom
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1374,1375

(1) Applied to trunk, the result is a rapid uptake into the tree with a highly insecticidal effect on
Pseudococcus kenyae {on coffee), and Pseudococcus njalensis (on cocoa). (Both are mealybugs of

high economic Tmportance)
(2) To control the mealybug vectors of swollen shoot virus in cocoa, Pseudococeus njalensis, P. citri and
Ferrisia virgata which are protected from sprays and topically applied insecticides by “tents” con-
structed by nurse ants of the genus Cremogaster:
(a) Hanane gives the best systemic results, being effective in dilution, or applied to the soil directly as
the concentrate.
(b) Application is made in amounts proportional to tree girth:
1.6 g/inch of girth for 5 in. trees (girth)
2 g/inch of girth " 10 in,
2.7 gsinch of girth " 15 in.
3.6 g/inch of girth ' 20 in.
{c) On 500 trees (3.5-18.5 in.girth) 99.9% mortality of mealy bugs was reported.
(d) Trees given 1,2 g/in, girth remained toxic for ca 5 weeks; given 1.6 g/in. girth, toxicity persisted
ca, T weeks. Trees, treated according to the girth/weight correlation, maintained their toxicity
to mealy bugs for at least 7 weeks,
{e) Pollination of flowers of the cocoa tree was not affected; this is an indispensible property in any

L1}

"

treatment of cocoa with insecticides.
(f) Because of its toxicity to man, application of Hanane in soluble capsules implanted in moist soil at

the tree base proves highly effective. 99.7% reduction in mealy bug has been achieved by this method.
(g} Toxic Residues: In cocoa pods, harvested 5 weeks after treatment, and fermented and dried, in

preparation for processing, no residues were found. This does not obtain in all crops.




128 18. BIS-{DIMETHYLAMINO)- FLUOROPHOSPHINE OXIDE
e) Controls grape Phylloxera at the rates used on cocoa according to some workers, but phytotoxicity to 1374
foliage has been reported. Others pronounce the treatment worthless not only on grapes vs, Phylloxera 1375
but on pests of cocoa. 755
f) Recent studies of P* labelled BFPO have been made which reveal the following facts: 695,703,701

{1) The compound is absorbed by the roots (Phaseolus, Vicia) from hydroponic culture solutions.

(2) Absorption is less rapid from soil than from sand media,

(3) Appreciable amounts are given off by the leaves of treated plants as vapor; the transpired material is
radioactive (P*Z containing), and insecticidal by fumigant effect. The tissues of treated plants are
insecticidal “‘systemically’’ aside from the fumigant effect.

(4) BFPO is less liposoluble than OMPA {(Schradan), and does not penetrate as readily as OMPA the leaves
of bean plants when applied thereto. Because of volatility, it is lost from plants by vaporization, but
small amounts are translocated to various parts of the treated plant following direct application to the
leaves (bean, cabbage, hops).

(5) Plants, treated ‘‘systemically,’’ via the roots, for example, with BFPO, give off a toxic vapor which is
capable of killing insects by straight fumigatory effect.

{8) A corollary of the preceding is that BFPO is less persistent (by reason of volatility of the parent sub-
stance and/or the metabolite in the plant) than OMPA,

4) Pharmacological; pharmacodynamic, physiological, etc.:

I} Mot too much of a precise nature is known specifically for this compound in its mode of toxic action or 1415
bhiochemical activity.

a) By anzlogy: Hydrolysis of {lnoroethoxymethane for example would yield fluoroethyl alcohol. 2157

{1) Animais exposed to concentrations of 0.1 g/m® of fluoroethyl alcohol for 10 minutes seemed un- 2157

affected, but perished within the hour in violent convulsions, 2158

(2) Fiuorophosphine oxide is probably stable, However, related alkyl [luorophosphonates are extremely 2157

toxic.
{a) Exposures of human beings to 1 ppm for 5 minutes yielded severe miosis and loss of visual ac-
commodation ability for several days. Amounts too low for chemical detsction bring blurring of vision.

{3} As in the case of OMPA, q.v., BFPO can be activated to yield an agent far more inhibitory than it- 496

self for human serum choline esterase (CHE) IDs; comparison: 4 x 107® M for activated agent; 14186
3 x 10-% M for original BFPC. The activation comprises an oxidation, at one of the phosphoramide

N atoms, which yields a phosphoramide oxide (monophosphoramide oxide), more active than the

original compound vs. ChE, and with an estimated half-life, in water at room temperature, of 28 hours.

The oxidative activation can be effected biochemically by mouse liver slices in viiro in presence of

O, and at physiological temperatures. As in the case of OMPA, the reaction is belleved to be

enzymatic, Chemical oxidation by permanganate {(KMnOQ,) achieves the same result as the biochemical
system.

{4) A related compound, bis-{dimethylamino)-p-nitrophenyl phosphate, 2244

Addendum

O
{CH;):N
~77 N\
(CH;):N —

non-toxic for Musca domestica, Apis mellifera, Periplaneta americana, and inhibited choline
esterase(s) (ChE) very feehly.

—NO., while highly foxic for mammals (LDs oral, mouse, 7 mg/k}, proved

1} Comparative toxicity of bis-{dimethylamino) fluorophosphine oxide {Dimefox ® ) and other compounds to 1718
Apis mellifera by various routes of application and exposure:

Compeund

Parathion

TEPP
Lindano

Dieldein
Aldrin
Chicrdane
Syston &

Dimefox ®
T(;xap!aenf.'@

Oral Dose (ug/bee To Yield Contact Spray Dose (pg/cm®) Effects Of 1 Hour Contact With Effects Of Vapors
Mortality Indicated In 24 Hrs, To Yield Mortality Indicated Residual Dry Films From Residual Dry
a20%, 507, 90F 20% 50% a0% & Kill pz/cm?  Average Ounces’ Films, Exposure:
- - - l - 24 hrs. Ficld Dose Acre 1 Hour
ugdom’ % Kill g em’
24 hes.
G018 0.04 0.144 0. 144 0.257 0.354 90 0.54 1.4 2 100 5.0
10 .18 0 248
052 065 L0ES 358 445 Bzl 8 .22 5.8 g 0 5.3
JG2E Q79 348 JTT2 851 688 100 .28 2.8 4 e .44
a 074 Q .28
223 268 .354 386 072 1.052 90 .08 1.4 2 100 .25
10 .04 i) 074
(181 .238 .385 .327 362 1.274 75 .09 1.4 2 109 74
] 04 i3 074
831 1.122 1.730 3.802 5.000 T.580 100 3.4 11.2 18 100 e
12 4 1] .37
1.258 1.478 1.884 4.321 5.123 6.618 50 10.0 - - '] 18.5
22 8.8
1.29 1.905 3.506 16.52 23,17 3B.64 0 50.0 - - 0 74.0
23,12 39.81 80.17 3673 44.67 59.98 9 1100 16.8 24 0 70.0
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2,2-BIS-{p-FLUOROPHENYL}-1,1,1-TRICHLOROE THANE
(DFDT; 1,1,1-Trichloro-2,2-bis-{p-fluorophenyl) ethane;
Difluorodiphenyltrichloroethane; Fluoro-DDT; F luoro-
gesarol; ““Gix.”’)

F —C— -F Molecular weight 321.6.

Cl-IC—Cl
Cl

GENERAL  {Also consult the section on DDT}  [Refs.: 2229,2466,367,415,767,1818,2040,2094,2551,3203]

A fluorine analogue of DDT in which fluorine replaces chlorine on the rings at the p,p' positions. The insecticidal
action of DFDT is somewhat more rapid than that of DDT, but the residual activity is decidedly shorter. Less
toxic for mammals than DDT; stated to be +th as toxic as DDT for rats and mice. Compared qualitatively with
related substances in residual effectiveness vs. mosquitoes and houseflies: DDT > methoxychlor > methyl-DDT
> DDD > DFDT. Toxicity for insects ranges from 1if,th to 10 times that of DDT, depending on species and method.

PHYSICAL, CHEMICAL  [Refs.: 2231,129,353,2229]

Pure: A solid in colorless, needle-like crystals; technical: A viscous, colorless liquid; the technical product
contains up to 10% o,p'-isomer b.p. 135-136°C at 9 mmHg; m.p. 45.5°C; b.p. 177-178°C at 9 mmHg; v.p. 2.2 x 107°
at 20°C; odor resembles that of ripe apples; may be considered insoluble in water; moderately to readily soluble
in most organic solvents, for example, in g/100cc solvent at 27°C: Carbon tetrachloride: 650; cyclohexanone:
850; dibutyl phthalate: 260; o-dichlorbenzene; 700; methylated naphthalene: 460; xylene: 6Y0; refined kerosene:
140; mineral oil: 83; olive oil (at 37°C): 45; stable in water emulsicns to 90%; rather more resistant than DDT
to the action of alkalis, by which it is dehydrochlorinated to form 2,2-bis—(p—fluorophenyl)—l,l—dichloroethylene.

TOXICOLOGICAL

1) Acute toxicity for higher animals:

Animal Route Dose Dosage (mg/k) Remarks
Rat or LDsg ca. 1120 1951
‘““Mammals’’ or LDy, 300 Given in olive oil, 129
a) Approximately 0.22 times as toxic for the mouse as DDT. 3203
b) Reported to be the least toxic of the DDT analogues tested against some fishes: Carassius auratus; 2396
Gambusia sp.
2) Chronic toxicity for higher animals:
a} No data available, save that exposure to DFDT results in accumulation in the peri-renal fat, 129
3) Phytotoxicity:
a) Slight phytotoxicity has been demonstrated for sweet corn (Zﬁx mays). 353,129
4) Toxicity for inseets:
a) Comparison of toxicities for certain insects of p,p'-DDT and its p,p' bromine and fluorine anzlogues.
Modified from 2231,
Insecticide I*{LCs, %)  II* II*(LCso, IV*(LCso, V*{LCsp VI*(LCso, B Vii*
(LCs,%) relative) relative) ppm) (LCsolpg/g)
DFDT 1.4 5 1.¢1 4.4 .007 .006 5.0
DDT : 0.3 0.53 1.0 1.0 .002 001 1.85
p,p' Br analogue 3.6 1.4 1.6 1.1 .0025 .06 1.95
*1=Pediculus humanus, II=Cimex lectularius, MM=-Macrosiphoniella sanberni, IV=Oryzaephilus surinamensis,
V=Anopheles quadrimaculatus (larva} VI=Heliothrips haemorrhoidalis, VII=Musca dom estica.
b) The order of toxicity for Drosophila melanogaster of the DDT halogen analogues at the p,p' positions is 1933
as follows;
DFDT > DDT > Bromo analogue > Iodo analogue
(1)DFDT has been reported 2.5 times as toxic for Drosophila as p,p’ -DDT. 1816
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128 19. 2,2-BIS-(p-FLUOROPHENYL}-1,1,1-TRICHLOROETHANE

¢) Reported to be more toxic than DDT for Blattella germanica, Oncopeltus fasciatus, Tribolium confusum, 2229
all of which are relatively resistant to DDT. 353
d) Reported as less foxic than p,p'DDT, or its p,p' bromine analogue, as a larvicide for Anopheles. 68
e) For 16 of 21 species of insects, DFDT has been reported not to be as toxic as p,p'-DDT. 299,419
2229,2396
f) Comparative toxicity of DFDT and other insecticides, used as contact sprays vs. Pediculus humanus 414,418
corporis and Cimex lectularius in white oil solutions; sprayed at a rate to give a deposit of 0.36 mg 419
solution/em’® :
Insecticide LCso {As % Concentration) for
- Cimex lectularius Pediculus humanus
DFDT 5.0 1.4
Lindane 0.05 0.02
p-Chlorophenyl-chloromethyl sulfone 0.2 0.1
DDT 0.5 0.3
Methoxychlor .5 0.9
DDD 1.2 0.9
Lethane 384 - 1.5
Lauryl thiocyanate - 5.0
Lethane 60 - 8.1
g) Comparison of DFDT and certain other insecticides in the field control of Pyrausta nubilalis on sweet 875

corn {Zea mays) ears:

Insecticide Lbs/100 Gals. % Reduction Of Pyrausta By
Direct Action Residual Action
DFDT 1.0 64 73
EPN 0.75 57 79
Heptachlor 1.¢ 70 K
Aldrin 0.75 70 T4
Dieldrin 0.5 78 49
DDT 1.0 54 40
Parathion 0.5 65 18

h) Extensive data from screening tests of DFDT may be found in Ref. 1801,

20

BIS-(MONOISOPROPYL AMINO)-FLUOROPHOSPHINE OXIDE
(Isopestox®; Mipafox®; Pestox XV; Bis-{monoisopropyl-
amino) fluorophosphate; Phosphorodi {isopropylamidic)-
fluoride; N,N’-Di-isopropylphosphorodiamidic fluoride.)

~— i
¢—N_ O
— \ [
H,C P —F Molecular weight 182.224
C—N
/ { 1

GENERAL [Also consult the section on Orgeanic Phosphates)
[Refs.: 714,2231,2120,129,2651,87,59,713,241,2892,237,2942]

An effective systemic insecticide and acaricide, this compound was brought forward in 1951, placed on the market,

but later withdrawn as suspect in the near-fatality of two workmen formulators. The two near-victims experienced

a flaceid paralysis resembling that due to ‘‘ginger-jake’’ (tri-orthocresyl phosphate, TOCP) poisoning. This
substance is closely related to bis-{dimethylamino)-fluorophosphine oxide (Hanane; BFPQ} q.v., which, despite
high mammalian and human hazard, finds important use as a systemic insecticide in tropical agriculture,
especially in the protection of the cacao tree from certain mealy-bugs.



20. BIS-(MONOISOPROPY LAMINO)-F LUOROPHOSPHINE OXIDE 129

PHYSICAL, CHEMICAL [Refs.: 2651,2231,2120,129]

A white, odorless, tasteless, crystalline solid; m.p. 60°C; b.p, 125°C at 2 mmHg; & 1.2; v.p. 0.001 mmHg at
5°C; soluble in water to about 8% at ordinary temperatures; soluble in polar organic solvents and slightly soluble
in petroleum oils; slightly hygroscopic; non-corrosive; indefinitely stable as dry crystals or in solution in dry
esters; slowly decomposed by water and more rapidly by acids, alkalis and plant enzymes; half-life at pPH 4=14
days, at pH 5=80 days, at pH 6=200 days, at pH 7=60 days, at pH 8=6 days.

Formulations: Formulated for experimental use as an anhydrous solution (50% active agent) with a wetting
compound. Applied ordinarily as a spray at 0.5%-1.0% active ingredient.

TOXICOLOGICAL

1) Acute toxicity for higher animals:

Animal Route Dose Dosage Remarks
(mg/k)
Mammals or L.Dso 25~ 50 Severe neurotoxic signs. 2651
Rat ip LD 25- 50 " 2651
Rabbit or LDs 80-100 129,2120
Guinea Pig or LDs, 80-100 129,2120
2} Pharmacological, pharmacodynamic and other effects:
3) Sub-lethal to near lethal dosages yield severe and deletericus neurotoxic effects. 2651,190,713
{1)In chickens, following sub-lethal exposure, paralysis and prolonged muscular weakness have been
reported.
b) Acts as a potent inhibitor in vitro and evidently in vivo of mammalian choline esterase(s). 713,714
(1) Shows marked affinity for mammalian pseudo-chaline esterase(s).
¢) Male and female rats differ in sensitivity to Isopestox®, the male being the more sensitive sex. 713
d) In chickens has been shown to cause demyelinization of nerves, a property shown also by two other 713
selective inhibitors of pseudo-choline esterase(s), tri-o-cresyl phosphate and diisopropyl phospho- 720
fluoridate.
{1) Poisoned birds showed a flaceid paralysis characteristic also of certain human poisonings.
e) Isopestox® intoxications in man: 237,713

(1) The subjects were three factory workers preparing Isopestox® on a pilot plant scale.

(2) Toxic symptoms included: Muscular weakness (the striking feature in all three cases); gastrointestinal
signs (in the more severely affected patients); bronchospasm and abnormal sweating (in the less
seriously affected patient); pupillary constriction (in all cases),

{3) Central nervous system signs were few in all instances but two vietims developed flaccid paralysis of
all limbs with the paralysis being of slow onset in the third week after the phase of acute symptoms,
This paralysis resembled that which follows tri-o-cresyl phosphate, also a potent inhibitor of choline
esterase(s) in vivo and in vitro.

(4) The subjects showed decline in both the specific and the pseudo-esterases.

(5) The delayed signs shown by human suhjects and experimentally elicited from chickens, warn against
categorical assumptions that no sequelae attend these types of poisoning, particularly in cases of re-
peated exposure, if the acute effects can be mastered.

{6) Atropine is specific vs. the muscarinic but not vs. the nicotinic effects.

f) In chickens subjected to Isopestox® at dosages of 1 mg/k by mouth or intravenously, the acute signs 713
lasted 1 or 2 days, but the delayed effect did not develop for 10 to 14 days. The acute signs were con- 190
trolled by atropine.

g) Rats which received 300 ppm Isopestox® in the ration for 3 months exposure revealed fine muscle 190

twitching and weakness in slope-climbing tests, Brain and heart choline esterase(s) declined to 5% to
10% of normal, ‘

h} Rabbits, fed 300 ppm in the ration, showed general weakness and head-drop in 2 to 4 weeks with the onset 180
time being variable. Signs disappeared after returning the animals to normal rations.
3} Phytotoxicity:
a) The use of Isopestox® as a systemic insecticide, both as a spray and by soil implantation in capsules, 2651
suggests that at dosages insecticidally effective the phytotoxic hazard is not high.
4) Toxicity for insects and acarines:
a) Reported results on Isopestox® effectiveness in pest control; 2651
Plant Pest Type Test Conec, Applied As Result Country
(&),
Apple Aphis pomi Field .05 Leaf Spray 100% kill Austria
" Aspidiotus perniciosus Laboratory .2 " 88% U.K.
Peach Hyalopterus arundinis Field .05 " 100% "
Goosebherry Tetranychus telarius Greenhouse .05 " 98% "
Citrus Tetranychus bimaculatus Laboratory .05 " 100% " "
t Icerya purchasi Field .05 " Good control  Ttaly
L "

" Toxoptera aurantii Field .05 "
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a) Reported resuits on Isopestox ® effectiveness in pest control:

20. BIS-(MONOISOPROPY LAMINO)-FLUOROPHOSPHINE OXIDE

Plant Pest Type Test Cone. Applied As Result Country
- W
Citrus Saissetia oleae Field .05 Leaf Spray Good Control  TItaly
Vicia faba Aphis fabae " A B 97% kilt U.K
Brussels Sprout  Brevicoryne brassicae " .1 " 95% * "
Peas Frankliniella robusta Greenhouse .2 " 9% " "
Potato Aphids Field .1 " 95% " ° "
Hops Phorodon humuli " .05 " 99% " "
Tobacco Myzus persicae " .15 " 98% Ttaly
Sugar Beet ' " .1 " 99% ™ U.K.
" Aphis fabae " 1 " 99% " U.K
Asters Aphids " .1 " 100% "
Carnation Tetranychus telarius Greenhouse .1 " 100% " "
Carnation Tetranychus telarius Greenhouse .1 Soil Treatment 100%™ U.K.
Chrysanthemum  Macrosiphoniella sanborni ” .07 Leaf Spray 100% " "
1 " " .22 Soil Treatment 100% " "
Dahlia Aphis fabae Field .05 Leaf Spray 100% " "
Chrysanthemum  Phytomyza atricornis Laboratory .025  Soil Treatment Young larvae killed
Lonicera Hydaphis xylostei Field .025  Leaf Spray 100% kill U.K.
Hydrangea Tetranychus telarius Greenhouse .020 " 100% " "
Lilium Myzus circumflexus " .1 " 100% ™ "
Primula Pemphigus auriculae " ¥ Boil Treatment 100% " "
Rosa Macrosiphum rosae Field 1 Leaf Spray 100% " "
Sweet Pea Macrosiphum pisi " 1 Solution Culture  100% " "

b) Isopest0x® and other insecticides vs. Tetranychus telarius on Hydrangea. Systemic action:

Compound Method Concentra- Kill
tion (%) %)
Isopestox® Soil Soak 0.05 99
Schradan (OMPA) Soil Soak 1 56
Isopestox® Spray .05 98.5
Schradan (OMPA) Spray .1 75.5

c) Isopestox ® vs. beneficial insects:

(1)Mortality of Brevicoryne brassicae {cabbage aphid} and its predators exposed to spray dosages of
2 ce/plant of a 0.4% concentration of Isopestox ®

Insect Mortality (%) After
24 hrs 10 days 20 days 30 days 40 days
Brevicoryne brassicae 100 57 19 9 5
Coccinella septempunctata 100 4 0 Q 1]
Syrphid larvae 100 0 0 0 0
Aphidius brassicae 100 0 0 g ¢

(2)Mortality of Brevicoryne brassicae, its parasite Aphidius brassicae and its predators Syrpha spp. and
Coceinella septempunctata exposed on plants treated with Isopestox® via soil soaks at concentrations
of 0.4%:

Dosage/Plant Insect Mortality (%) After

(ee) 24 hrs 10 days 20 days 30 days 40 days
2 Brevicoryne brassicae 60 71 32 11 0
5 " " 83 79 41 17 5

10 " " 93 94 52 11 8

10 Aphidius brassicae 0 0 1 0 0

10 Coccinella septempunctata 0 0 1 0 0

10 Syrpha spp. (larvae) 0 i 0 5 0

2651

1267

2651

2551
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BORAX  (Sodium tetraborate; Sodium biborate; Sodium pyroborate.)

Na,B,0, - 10H,0 Molecular weight: 381.43
GENERAL [Refs.: 2120, 129, 353, 1633, 2029, 2815, 1059, 757, 2084, 1274]

As an insecticide, borax has limited uses against ants, silverfish, Musca domestica larvae in dung heaps and
chicken houses. Has Known long use as a mild antiseptic and fungicide. Has shown distinct value as an herbicide
under appropriate conditions. Its fungicidal activity has been used in preventing mold on citrus. Borax has also
been used in mixtures, for example, with sodium chlorate, to reduce fire hazard, as 9 parts borax to 1 part sod-
ium chlorate for soil sterilization. Has also been used as a dust in the control of cockroaches,

L]

PHYSICAL, CHEMICAL [Refs.: 2221, 2120, 120, 353, 2815, 1059]

A colorless crysialline solid, or a white, granular, or crystalline powder; m.p. 75°C; d2¢” 1.73; soluble in water
to 1g/16cc at 10°C, 1g/0.6cc at 100C; insoluble in alcohol; soluble in glycerol to the extent of 1g/1 cc; water
solutions are alkaline in reaction; incompatible with acids and with alkaloidal and metallic salts; efflorescent in
warm, dry air.

Formulations: In dry mixtures, or neat, for use as a dust, powder or spray. Should be kept in tight containers,

TOXICOLOGICAL

1) Acute toxicity for mammals is low.
a) 15-30 g may be fatal to man {adult).

b) In the chronic intoxication known as “*borism?’, there are manifestations of gasiric irritation and skin 2221,

eruptions.

¢} Values for the acute toxicity of boric acid may be suggestive:
Animal Route Dose Dosage {mg/k)
Mouse ar LD, 3450 +158
Mouse sc LD, 1740 130
Mouse sc LD,, 2070 £170
Mouse iv LDy, 1780 +121
Rat or 1D, 5140
Rat or LD, 2660 £220
Rat iv LD,, 1330 £112
Guinea Pig sc LD, 1200 + 80
Dog or LD, =>1000

(1) 15-20 g has been estimated as fatal to adult man; 5-6 g fatal to infants.
(2) Experimental animals show no symptoms with daily intake of moderate amounts,
(3) Sufficient amounts of borax depress the heart and spinal centers.

d) Boron, in concentrations to 30 ppm {(as the element) is not harmful in drinking water 1230, 93,
{1) A limit of 20 ppm {as the element) has been recommended.

€) Contamination of food with borax should be guarded against and it should be kept from children and domes-
tic animals.

2) Toxicity for certain aquatic invertebrates:
a) The threshold concentration for immobilization of Daphnia magna is ca 120 ppm, and is much less than

240 ppm.
b) The toxic threshold concentration for the flatworm, Polycelis nigra, is 1530 ppm,, as borate ion.
3) Phytotoxicity:
a) The phytotoxic potential for all vegetation is high,
{1) Borax has been used as a weed-killing herbicide, for example, against Hypericum sp. (St. John's wort)
and against poison ivy.
(2) Boron (as the element) in concentrations in water above 2-5 ppm may injure most plants; 0,5 ppm may
be injurious to many plants,
4} Toxicity for insects:
Insect Route Dose Dosage Remarks
Musca domestica {larva) medium LC,, 2000 ppm Although at 924 ppm larvae may not be

killed this concentration prevents the
emergence as adults of 50% of the ex-
pected flies,

131

1221

2495
2495
2495
2495
2907
2495
2495
2495
1036

2495
1069
128

2400
1590
129

68
2400
1727

129
2029
2084
2793
1767

2179
2180
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4) Toxicity for insects:
Insect

Musca domestica (larva)

P. americana {(adult)¢
P. americana (adult)o
P. americana {adulf)
P. americana {adult)s"
P. americana (adult}Q
a)

Concentration in medium

%)

0.224
0,112
0.050
0.028
0.014
0.007

Route Dose Dosage Remarks

medium LC, 0.224% w/w
medium LC,, 0.112% w/w
medium LC, 0.050% w/w
contact—LD, = .9 mg/g LD,, = 2.5 mg/g LD, = 4.0 mg/g
contact—LD, = 2.5 mg/g {nontoxic)
12.0 mg/g

or LD, = 1.4 mg/g (nontoxic) = 4.5 mg/g LDy =
or LD, = 2.0 mg/g (nontoxic) = 8.0 mg/g LDy, = 16.0 mg/g
inj LD, = 1.8 mg/g (nontoxic) = 2.1 mg/g LDy, = 2.4 mg/g

—  inj——1LD, = 1.8 mg/g (nontoxic) = 2.6 mg/g LDy, = 3.6 mg/g

Borax is less toxic for Musca domestica larvae in the food medium than either thiourea or phthalonitrile.

Mortality *{%) With

Thiourea Phthalonitrile Borax
— —_ 100
100 100 81

99 68 0

96 53 —

86 0 _
9 _ —_

*Judged by the number of imagines finally emerging.

b} In control of Musca, borax may be applied to known breeding places such as manure piles, privies, refuse,
Being water soluble it may be applied to the surface whence it diffuses into the mass to be protected.
¢) Used as a dust to control cockroaches, borax accumulates on the ventral surfaces and coxae of the insect.
(1) X enters the body by penetrating the cuticle, and is also ingested in the grooming process. However,
even though grooming is prevented, a sufficient amount enters by the integument to cause death in 2-10
days for Periplaneta and Blatta.

d) Pharmacological action vs, insecis:

{1} Exposed to borax dusts, Periplaneta and Blattella show uneasiness and increased irritability followed

by torpor, broken by nervous spasms, with paralysis and death ensuing in 4-48 hours after exposure.

22

BUTOXY POLYPROPYLENE GLYCOLS 400 AND 800 (Crag Fly

C,H[OCH(CH,)CH,] ,0C,H,

GENERAL

Repellent; Experimental Miticide 7.)

Introduced as repellents for such biting flies of livestock as Stomoxys calcitrans, Siphona irritans, Tabanus spp.,
and for houseflies, black flies and midges, Have been used as experimental acaricides on non-food crops, at
concentrations of 1 1/2 parts per 100 gallons. There is evidence suggesting a synergistic action with pyrethrins.

Will be referred to below as “BPG**

PHYSICAL, CHEMICAL

Colorless liquids whose boiling point

400 or 800.

and viscosity depend on the mean molecular weight; d4s “BPG” 400:0.973,

“BPG’ 800:0.990; v.p. “BPG’! 400: 1 x 107* mm3°°c, “BPG’ 800; 1 X 10-3 mm¥°C; very slightly soluble in water;
“BPG?’ 400: 0.2g/100 g at 20°C; <BPG’’ 800; 0.1 g/100 g at 20°C; aqueous solutions may be prepared by using non-
ionic emulsifying agents; soluble in acetone, ethanol and many organic solvents; miscible with chlordane; dis-
solves 18% DDT by weight and 100% toxaphene by weight; a solvent also for methoxychlor, DDD, Derris extracts
and lindane; compatible with the oil carriers used in fly sprays; flash peint: <BPG’’ 400 = 375°F, “BPG'’800 =420°F.

TOXICOLOGICAL

1) Of low toxicity for mammals and without skin penetration hazard.
a) No irritation reported from contact with human skin,
b) No dermatitic symptoms in livestock from “BPG’* 400 or 800 applied to cattle at strengths to 25% in non-

toxic oil.

2) Acute toxicity for higher animals:

2179
2179
2179
2219
2219
2219
2219
2219
2219

2179

353

2750
2750

2750
353

1246

1246

1246



Animal

Rat
Rabbit
Rabbit

22. BUTOXY POLYPROPYLENE GLYCOLS 400 AND 800

Route Dose
or LD,
or LD,
ct MLD{ca)

3) Chronic toxicity:

a) In rabbits, daily cutaneous inunction of 1

desquamation.
b) In rats, feeding of 0.62 g/k for 90 days produced no apparent injury.

4} Toxicity and repellency for insects:

a) General:

(1) Formulations with 5-10% “BPG’’ 800 are hi
calcitrans, Siphona irritans, Tabanus spp,

(a)
{b)
{c)

(@)

(2) Sprays, possessing insecticidal as well as repellent

thiocyanates, pyrethrins and allethrin with 5-10%

b} Comparative repellency tests by the
repelients. Insects chiefly Stomoxys calcitrans and Siph

Dosage

Remarks

9.1 ¢/k
23.9 ¢/k
20 cc/k

As single dose; 1/10 died.

The base oil used has a marked effect on resulting repeilency.
h repellency characteristics of ““BPG**

Selection may be made of an oil which interferes least witl
per se and such oils may be used which enhance effecti
Emulsions of “BPG’* seem to be as effective as oil bage s

agents does not enhance repellency.

Repellent

Butoxy propylene glycol 800
Butoxy propylene glycol 800
n-Butyl mesityl oxide oxalate
Iso-borny! thiocyanoacetate
Iso-bornyl thiocyancacetate

Base oil

Butoxy propylene glycol 800 (in oil)
Butoxy propylene glycol 800 {in H,0)
Butoxy propylene glycol 400 {in H,0)
Butoxy propylene glycol 400 fin oil}
Iso-bornyl thiocyanoacetate (in oil)

Base oil

Spray Concentration—% Repellency At

“half cow method?’

“BPG" preparations.

ona irritans:

g/k for 90 days produced. no injury save a transient erythema and

ghly effective on the day of treatment, repelling Stomoxys
Musca domestica, from cattle,
Protection declines sharply by second day.

veness to the maximum for practical use.
prays; the inclusion of certain sticking

properties, are formulated by combining organic

with butoxy propylene glycols and certain other

Total Repellency (%)

%) 2 hrs. 4 hrs, 6 hrs.
20 73-90 70-100 67-86 77-86
5 82 93 87 88
20 88 62 0 58
20 0-66 60-70 60-78 51-72
5 50 66 T4 60
7 17 26 18
Average % Repellency At
2hrs. 3hrs. 4 hrs. 5 hrs. 6 hra, 7 hrs,
10 83 54 61 66 40 60 58
10 38 75 40 32 34 65 48
10 42 94 68 72 78 81 73
10 67 60 40 24 19 89 49
10 61 76 44 62 18 90 57
10 10 26 13 30 23 12 19

¢) Butoxy polypropylene glycol 800 as a pyrethrin activator in Peet-Grady tests vs. Musca domestica:

% *KD 10 mia.

Butoxy polypropylene glycol 400

Pyrethrins % Activator T
Tmg/100 cc) in
Deobase oil

100 (OTI*¥) 0 98.3
50 2.5 98.1
50 5.0 98.5
50 10.0 96.9
60 10.0 98.8
40 10.0 97.2
30 10.0 97.2
0 10.0 59.7
6.25 10.0 79.7
6.25 5.0 86.0
6.25 2.5 76.6
6.25 10.0 92.5
6.25 5.0 78.4
6.25 2.5 79.8
6.25 ¢ 455
100 (OTI**) 0 97.6

* KD = <‘Knock Down’’
** OTI = Official Test Inseciicide,

t Activator:

Butoxy polypropylene glycol 800.

% Mortality 24 hrs.

**QTI Difference

57.5
59.8
65.8
78.7
84.1
65.1
67.6
37.6
41.8
47.9
41.6

+2
+8
+21
+26
+7
+10

1
11

133

1246
1246
1246

1246

479

1247

2120

1246

1246
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5. BUTOXY-2 -THIOCYANODIETHYL ETHER (B -Butoxy-8 -
thiocyanodiethyl ether; 2-[2-(Butoxy) ethoxy] ethyl
ether of thiocyanic acid; Butyl carbitol rhodanate;
Butyl carbitol thiocyanate; Lethane 384®,)

C, H,OCH,CH,0CH,CH,SCN Molecular weight 203.3

GENERAL [Refs: 2331, 130, 353, 2231, 2815, 1059, 757, 1430, 1236, 2352, 414, 2124
669, 2204, 3060, 636, 2533, 444]

1) An insecticide belonging to the general class of organic thiocyanates, {see the general treatment of). This
class of compounds has been extensively tested for insecticidal and acaricidal activity.
a) Several members of the group have been brought out as practical insecticides under the designation of
««Lethanes”’, for example,
(1) Lethane 384® {the present compound),
{2) Lethane 60 ®, q.v. which is 8 -thiocyanoethyl laurate, the principal ingredient of an ester mixture,
{3) Lethane A-7T0, a 90% solution of 8, g’ dithiocyanoethyl ether, Lethane B-71a and Lethane B-72, which
are, respectively, a 13.5%, dust and a wettable powder of the same strength,
(4) Lethane 384® gpecial is a mixture of Lethane 384 ® 12.5%, + Lethane 61 ®, 37.5%, in 50% petroleum
oil.

2) The term ‘‘Lethanes!’ meant originally the alky] thiocyanates but now includes compounds derived from the
thiccyanation of the alkyl groups of ethers, or the alky! or acyl groups of esters. Thus, for example, lauryl

thiocyanate is “‘generically’’ speaking, a “‘Lethane”.

—

3) The alkyl thiocyanoacetates, characterized by rapid «KD* or *‘knock down’’ activity, have been developed as
contact insecticides. Alkyl thiocyanates, relatively, have poor “KD?*’ potential.
a) The a -thiocyanoketones have the most rapid ‘’KD* action, this activity being at its maximum at a chain
length of Cs.

Among the lower alkyl thiocyanates, R-8-C=N, are excellent, but phytotoxic, fumigants, e.g. methyl and ethyl

thiocyanate, which are highly effective toxicants for Aonidiella, Sitophilus oryzae and S. granarius.

a) n-Octyl thiocyanate has a high contact toxicity for Pediculus; the octyl, decyl, lauryl thiocyanates are
toxic for Cimex {LC,, = a 5% spray) with the peak of toxicity at lauryl. Increasing chain length {beyond
lauryl) is marked by decline in toxicity.

(1) Lauryl thiceyanate is effective against aphids and red spider mites {eggs included).

4

—

5

-~

Among the isothioeyanates, R-N=C=5, with alkyl substitution on N rather than §, are substances potent
against such scale insecis as Aonidiella.

a) Ethyl isothiocyanate is a fine soil fumigant for Limonius, being 100 times more potent than ethyl thiocyan-
ate.

b} Allyl iscthiocyanate is said to be outstanding in activity against Musca domestica, Agriotes, Sitophilus,
Tribolium.

6) In general, these compounds bring on a quick narcosis of insects.

7} The *lethane thiocyanates’’ are effective as dusts against the pea aphid, Macrosiphon onobrychis (= Illinoia
pisi), house flies, clothes moths.

8) Lethane 384 ®, 2-—butoxy—2’—thiocyanodiethyl ether, like other thiocyanates of its class, exhibits marked con-
tact toxicity for many insects, aphids in particular. ‘‘Knock down®? effect on flies and mosquitces is very ra-
pid, and it has proved an excellent insecticide in household space sprays and in livestock sprays in combina-
tion with, or as substitute for, pyrethrins. It has a2 marked toxicity for the winter eggs of aphids.

9 Also see the general treatment Miticides or Acaricides.

PHYSICAL, CHEMICAL
25¢

A yellow to brown, oily liquid; b.p. 124°C at 0.25 mmHg; d% 0.915-0.93; virtually insoluble in water; soluble in
most organic solvents and in petroleum oils; flash point not less than 125°F {(closed cup). Lethane 384®:ontaing
53-56% (average 54.5%) by weight, 50% by volume, of the active agent in question, 9-butoxy-2’-thiocyanodiethyl
ether. To be dealt with under proper precautions. Absorbable through unbroken skin; contaminated members
should be washed at once, and contaminated clothing changed. Prolonged breathing of mists is hazardous, and
the eye is particularly vulnerable as a portal of entry.

134
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TOXICOLOGICAL

1) Toxicity for higher animals:

a)

Acute: (Dosages are given in terms of Lethane 384 ® which contains 50% v/v of the active ingredient in
light petroleum oil.

Animal Route Dose Dosage Remarks
Rat or LD,, 90 mg/k

Rat or LD,, 0.5 ce/k

Rat ct LD, 0.6 ee/k Death within 8 hours,
Rat sc 1D, 0.55 cc/k

Rat ip LD,, 0.09 ce/k

Guinea Pig or LD, 0.4 cc/k

Guinea Pig sc LD, 0.45 ce/k

Guinea Pig ip LD, 0,084 ce/k

Rabbit or LD;, 0.12 ce/k

Rabbit ct LD, 04 ce/k

Rabbit ct LD,, 0.25-0.5 cc/k

Rabbit sc 1D, 0.1 ce/k

Rabbit ip 1D, 0.08 cc/k

Dog or LD, 0.05 ce/k

Dog sc LD;, 0.2 ce/k

(1) Acu&g toxicity of Lethane 384® Special, which consists of 3 parts of Lethane 60® to 1 part Lethane
384 &k

Animal Route Dose Dosage mg/k
Rat or LD, 400
Rabbit ct LD,, 1000

b)

Chronic toxicity:
{1) 4% Lethane 384 ® is said to have been fed to rats for 4 years with no i1l effects.
{2) Single, 500 mg/k doses, and 125 mg/k multiple doses, constitute a high hazard to man. 3201, 1951,

2) Pharmacology, symptomatology, physiclogical action etc:

a)

¢)

Toxicity of the alkyl thiocyanates increases in descending series to methyl thiocyanate, 3201, 1951,

{acute LD,, for rat, oral = 60 mg/k).

(1) Subcutaneous doses are 300-600 times as toxic as oral doses.

(2) Lower analogues are characterized by rapid toxic action.

(3) Lethanes and higher alkyl thiocyanates are skin irritants.

Symptoms: Organic thiocyanate intoxication: Sequence:

{1) Restlessness, irritation; {2) depression; (3) cyanosis; {4) dyspnoea; (5) tonic convulsions; {6) death in
respiratory paralysis, occurring swiitly after reception of the lethal dose.

Organic thioeyanates are paralytic, but not narcotie, central nervous system toxicants and asphyxiate on in-

halation of vapors.

(1) Postulated by some that they release HCN, with consequent cyanide intoxication effect,

(2) The higher homologues produce liver, and other organ, damage, this being general with Lethane 3849,
Vacuolation of liver and a pneumonitis of a fibrinous, monocytic type has been noted,

(3) It is assumed that sub-lethal doses can be excreted, thiocyanate (-SCN), at 3 mg per day, being a regu-
lar urine component.

3) Phytotoxicity:

a} A certain phytotoxic hazard suggests use on plants principally when these are dormant or in the early stage
of bud development. ,

b) Toxicity to certain ornamental plants of a combination of 2-butoxy-2 - thiocyanodiethyl ether and oil, of
which a 1 1/2% dilution contained 0.0713% 2—butoxy-2' -thiocyanodiethyl ether and 0.0937% petroleum oil.
Concentrations are in terms of this combination;

Plant Concentration Concentration Temperature Relative Result

of of {°F) Humidity (%) (Tnjury)
Concentrate (%) Spreader (%)

Cherry laurel 1.5 a 93 72 Injury.

Cherry laurel 2.5 0 93 72 50% damage; tip, margin burn.

Cherry laurel 3.0 0 93 T2 Complete destruction; leaf
drop in 1 week.

Ligustrum 1.5 0 93 72 No injury.

Ligustrum 2.5 1] 93 72 No injury.

Ligustrum 3.0 0 a3 72 Slight, marginal burn.

Ligustrum 1:400 1:400 90 66 Marginal burn, tip to petiole,

Ligustrum 1:600 1:15¢ 0 66 Less severe injury than pre-
ceding.

Ligustrum 1:800 1:200 90 66 Slight, marginal burn near
petiole.

Ligustrum 1:10600 1:25¢ 90 66 No injury.

135
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2078
2078
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2078
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23. 2-BUTOXY-2'-THIOCYANODIETHYL ETHER

b) Toxicity to certain ornamental plants of a combination of 2-butoxy-2'-thiocyanodiethyl ether and oil, of
which a 1 1/2% dilution contained 0.0f113% 2-butoxy-2'-thiocyanodiethyl ether and 0.0937% petroleum oil.
Concentrations are in terms of this combination:

Plant

Croton
Chrysanthermum
Chrysanthemum
Chrysanthemum
Chrysanthemum
Chrysanthemum
Viburnum
Pitosporum
Feijoa

Feijoa

Feijoa

Concentration Concentration
of of
Concentrate (%) Spreader (%)
1:160-1:800 1:100-1:250

1:1000 1:250
1:1200 1:300
1:1400 1:350
1:1800 1:450
1:1000%* 1:250
1:400-1:800 1:100-1:200
1:400-1:800 1:100-1:200
1:400-1:600 1:100-1:150
1:800 1:200
1:1000 1:250

*Rinzsed off after 15 minutes.

{1) Cther bibliography on phytotoxicity, etc, [2329, 2331, 2330, 2353, 2620, 2966]
(2} As Lethane 410®, a commercial insecticide, there was no foliage or blossom damage to wide variety of

plants.

Result
{Injury)

Temperature Relative
CF) Humidity (%)
80-82 86-90
100 57
100 57
100 57
100 57
100 57
89 68
82 90
82 90
82 90
82 90

(3) Harmless to carnations when used as an acaricide in 0.25% emulsion.
(4) Other organic thiocyanates, e.g. p-thiocyanoaniline, are markedly phytotoxic. p-Thiocyanoaniline
seriously damages Nasturtium.

4) Toxicity to insects:

Insect

Oncopeltus fasciatus

Route

Periplaneta americana d Contact

Periplaneta americana & inj

Periplaneta americana @ Contact

Periplaneta americana ¢ inj

Popillia japonica
Popillia japonica
Tenebrio molitor
Pediculus humanus

Cimex lectularius

Contact
inj
Contact

Contact (as Lethane 384)

Contact Spray
Contact Spary

LD, LDy LDy,
(me/g)
0.12 0.40 0.75  Av.
0.36 0.66 1.36  Av.
0.1 0.15 0.2 Av.
0.56 1.26 2.3  Av.
012 0.2 04  Av.
0.35 0.8 17  Aw.
0.1 03 09  Av
04 085 16  Av.

LCy, =135 ug/g

LC,, = 450 ug/g
a) Comparative toxicity of 2-butoxy-2thiocyanodiethyl ether, as Lethane 384® and other insecticides for

wgt,
wgt.
wgt.
wgt,
wgt.
wgt.
wgt.
wgt.

No injury.

Leaves scorched.

Heavy tip, marginal burning.
Moderate tip, marginal burning.
No injury.

No injury.

No injury.

No injury.

Complete leaf destructicn.
Slight tip, marginal injury.
No injury.

2329

2331

1430

Remarks

of insects .065 {.04-.09) g. 2219
of insects 0.9 (.7-1.15) g. 2219
of insects.0.9 (.7-1.15) g. 2219
of insects 1.3 (1.0-1.9) g. 2219
of insects 1.2 (1.0-1.9} g. 2219
of insects .096 {.07-.14) g, 2219
of insects .096 (.07-.14) g. 2219
of insects .105 {.08-.15) g. 2219
413

413

424, 418

432

Pediculus humanus and Cimex lectularius as direct sprays in refined white oil {P31); concentration varied

(solvent volume constant} sprayed at 0.36 mg/cm?® at which rate the oil carrier is harmless, In some in-
stances, as indicated, aqueous preparations as solutions or suspensions were employed and sprayed at the
rate of 1.8 mg liquid/em?® .
(1} Spray tests, in P31 oil, at 0.36 mg/cm® ; LC,, given as % concentration, Average number exposed per

trial: Lice—40,’ bed bugs—30. Comparison Lethane 384 and others:

Pediculus humanus

Insecticide
Lethane 384®

Lethane 384 Special

Lindaae {¥-BHC)
bDT

Pyrethrins (+2% isobutyl undecyleneamide)  0.038

Pyrethrins
Thanite {(isobornyl

thiocyanoac etate)

Lauryl (dodecyl) thiocyanate
Bis-ethyl xanthogen

Lethane 60®
Benzyl benzoate

{2) Insecticide

Lethane 384 ®

Lindane

Pyrethrins
Pyrethrins (+2% isobutyl undecyleneamide)

DDT

Also, as indicated, dusts were employed either neat or as kaclin dilutions:

Cimex lectularius

Insecticide LCy (B
Lethane 384® 4.0
Lethane 384 Special 12.5
Pyrethrins + (2% isobutyl undecyleneamide} 0.026
Pyretarins 0.045
Lindane (¥-BHC) 0.051
DDT 0.56
Lauryl {dodecyl) thiocyanate 19.5
Lethane 60 32
Thanite 75

Bis-ethyl xanthogen
Benzyl benzoate

5
75

LD,, {Contact Spray)

u g/ insect, me'k
Hee  bug lice  bug
.27 1.8 135 450
.003 .023 1.5 8
.085 .02 42 5
.007 .012 3.5 3
.054 .25 27 63

{3) Comparison of toxicities of Lethane 384® and other thiocyanates:
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Insecticide LCg(Conc, F), Direct Spray In P 31 il {.36 mg/em?)
Pediculus humanus Cimex lectularius Ratio
Lethane 384 ® 1.5 4.0 x 2.7
Lethane 384 Special® 2.4 12.5 x 5.1
Lauryl (dodecyl) thiocyanate 8.0 19.5 x 3.2
Lethane 60® 8.1 32.0 x 3.9

{4) Comparison of toxicities, Lethane 384® and others; LC,,, as direct spray in P 31 oil at 0.36 mg/em?®
vs. eggs {various ages) of Pediculus humanus:

Insecticide LC,, (%)

Lethane 384 ® 6

Lauryl thiocyanate 18

DDT 3 (Saturated) gave 8% kill only.
Bis-ethyl xanthogen > 50 Gave 30% kill only.

Benzyl benzoate > 50 Gave 40% kill only,

Thanite > 50 Gave 15% kill only,

(5) Comparison of toxicities, for Pediculus humanus corporis, of Lethane 384 ® in direct spray tests.
Insecticides in oil solution (P 31 oil) sprayed at rate of 0,36 mg/cm®.

Compound LCy, (%) For Adult Body Lice
CQctyl thiocyanate 5
Decyi thiocyanate 5
Dodecyl thiocyanate 5
Tetradecy! thiocyanate 11
Hexadecyl thiocyanate 18
Octadecyl thiocyanate , 25
Lethane 384 ® (2-Butoxy-2 -thiocyanodiethyl ether.) 1.5
Lethane 60 ® (Thiocyanoethyl laurate.) 8.1
Lethane 384 Special (1:3 mixture of 2 preceding.) 2.5
Lauryl thiocyanate 6
Bis-ethyl xanthogen 6.2
Benzyl benzoate 22
Pyrethrins {Commeércial spray € 0.44% pyrethrins.) 4

Pyrethrins (+2% isobutyl undecyleneamide: pyrethrins .04% 3

(a) In considering thiocyanates as louse insecticides, it should be kept in mind that the lower thio-
cyanates are especially toxic for mammals. Dodecyl (lauryl) thiccyanate may be considered a
compromise between toxicity to the louse and toxicity to man.

(6) Toxicity of Lethane 384 ® and others on treated flannel. Insecticides in oil solution at various con-
centrations as specified. Solutions sprayed on fabrics harboring Pediculus humanus corporis:

Insecticide Approximate LD (mg Active Ingredient/cm?®) AT
50% {In Oil) 10% (In Oil}  In a Volatile Solvent
Lauryl thiocyanate 0.06 0.04 0.45
Lethane 384 ® —_ 0.02 —
Lethane 384 Special —_ 0.02 —_
Pyrethrins - 0.006 0.0045 0.031

{a) Toxic effect of all treated fabrics was much reduced by washing. All treatments gave 100% kill
after 7-10 days wearing, even with 3 months storage prior to wearing. Lauryl thiocyanate gave
100% kills after 11-16 days wearing at 10% in oil: at 50% in oil yielded 100% kills after 17-22
days wearing and 85% kills after 23-30 days wearing.

{b} All thiocyanates, under certain conditions, violently irritate human skin. Men, working and
sweating freely in treated clothing, experience severe burning sensations and erythema. This is
especially true with Lethane 384® and less so with Lethane 384 Special and lauryl thiocyanate,
Chronic toxieity in man was not observed.

{c) Lauryl thiocyanate has been favored as 2 “pediculicide’ since the Lethanes 384® and 60® are
especially irritating to Caucasian skin,

{d) Lethane 384 Special® is also effective vs. the head louse, Pediculus humanus capitis, but its use
may entrain dermatitis,

(€) Lauryl ihiocyanate and Lethane 384 ®in salves and emulsions control the human crab Iouse,
Phthirius pubis.

(") Field tests using 2—Butoxy-2'—thiocyan0diethy1 ether against various insect pests of plants: 638
{a) Used were: (I) A commercial concentrate with 23% thiocyanate + an oil soluble emulsifier and
pine oil; (Il) a special concentrate, with an oil soluble emulsifier + petroleum oils of viscosity
65 seconds Saybolt:
(b) Vs. Dialeurodes citri: 2/3 of 1% thiocyanate + petroleum oil gave average kills of 80%; 1%
thiocyanate gave 87.5% kills; 1 1/2% thiocyanate gave 95.1% kills; 1.5% dilution, containing
0.0713% thiccyanate + .0937% petroleum oils, proved an effective contact spray, strongly tozic to
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{c)

Dilution;

23. 2-BUTOXY-2'-THIOCYANODIETHYL ETHER

crawler stage and eggs. Most effective: Spray of 1:1600 + 1:400 spreader. On Privet (Ligustrum)
1% concentration in oil gave 69.2-98.8% kill (0.04'75% thiocyanate + .0625% oil) ... 83-91° F.
Vs. Aphis spiraecola:

At 82°F

1:3200 + spreader 1:2400 + spreader 1:1200 + spreader 1:720 + spreader
1:800 1:200 1:300 1:180

Mortality(%) 46.0 91.5 96.6 98.3

d)

{9) Vs.

(a)
{b)

(10) Vs.

(a)
(b)

Vs, Pseudococeus citri: A spray, 1:800 + spreader 1:200 gave 57% total kill with 98,5% kill in the
upper layer of insects. Application before insects have advanced to the uncontrollable ““layered
stage” is essential. Vs. P. citri on ornamentals, 1:1000 + spreader 1:250 gave 98.2% kill; 1:1400
+ spreader 1:350 gave 81.5% kill; 1:1800 + spreader 1:450 gave 46% kill,

Chrysomphalus aonidium: Aliphatic thiocyanates were not effective against the mature seale in-

sect; valuable against crawler and first nymph stage.
Eriophyes oleivorus: (Acarine): A 1:2000 dilution + spreader is toxic to this mite.

Vs. aphids of ornamental plants: 1% thiocyanate + oil at 80-95° F gave 98-100% kill; 1:1000 +
spreader 1:250 gave 99.4% kill; 1:1400 + 1;350 spreader gave 99.2% kill.

. Musca domestica as a bait in sugar or molasses:

Lethane 384 ® 1% in baits, used in field tests, gave: 0 mortality or knockdown in 30 minutes, in
1 hour or in 24 hours.

Musca domestica in space sprays:

Serves as supplement or replacement for pyrethrins in conferring rapid ‘‘knockdown’’.
Combined with DDT in 2% concentration, complete control may be had from sprays delivered by
atomizers at lee/m3

Periplaneta americana {supplementing DDT dusts):

“‘Knockdown’’ capacity is conferred on slow-acting DDT dusts by the addition of 5% of a thio-
cyanate such as Lethane 384 ®,

“Knockdown’* within 1 hour may be obtained as compared with 2 days for DDT alone.

4} Pharmacological, pharmacodynamic and other biological considerations, in insects:

a}) Rapidity of ‘*Knockdown’’ effect and swift onset of narcosis, is a prime characteristic of insecticidally
effective thiocyanates.

(1) 2-Butoxy-2’-thiocyanodiethyl ether possesses this effect in high measure.

b) In Blatta, the swift onset of paralysis is not preceded by initial stimulation. 1430,
{1) In Blattella, Lethane 60 produces brief excitement preceding paralysis with sharp decline in 0, uptake,

¢) In Periplaneta americana, the symptoms of 2-Butoxy-2’—thioeyanodiethyl ether intoxication resemble those
of HCN poisoning.

{1) Marked decline heart beat, giving way to a rise then leveling off; marked decrease in blood circulation,
(2) Lethane B71 depresses sharply the O,uptake of Oryzaephilus surinamensis
d) The thiocyanates are suggested as respiratory poisons,
(1) The insecticidally active thiocyanates are depressants of insect respiration, like rotenone, and in con-
trast to respiratory stimulants like DDT, pyrethrins, lindane, DNOC.
(a) Acenaphthylene thiocyanate, which is non-toxic to Sitophilus granarius, shows no respiratory effect.
(2) Metabolic release of HCN has been suggested as the cause of toxicity in mammals, but there are ob-
jections to this suggestion for insects.

e) The narcotic effect in insects predominates, differing from mammals in which central nervous system
paralytic effect, rather than narcotic effect, is characteristic.

f) For Musca domestica there is a smaller percentage of recovery from 2-Butoxy-2'—thiocyan0diethyl ether
intoxication when the treated insects are kept at a post-treatment temperature of 20°C than when they are
kept at 38°C (negative temperature coefficient).

g) Histopathological effects of 2-Butoxy-2'—thi0qyanodiethyl ether in Musca domestica:

(1} Dissolution of non-fibrous elements of brain cells; fibers of nerve system unaffected,
{2) Increase in intensity of nuclear staining.
(3) Dissolution of the nuclear membrane in muscle cells,

5) Acquired resistance:

a} The DDT resistance manifested by some strains of Musca domestica exposed over a period of time to DDT
is accompanied by enhanced resistance to poisoning by Lethane 384 ® and Lethane 384 Special® according
to some reports,

6)

In the economic control of insects: Reports of effectiveness:

a) Ineffective vs., Lygaeus mendax.

b) Inferior to DDT vs. Psallus seriaius.

¢) Controls (though now replaced by DDT) the jassid and cicadellid leaf hoppers.

d) Inferior to DDT vs. Erythroneura comes. 518, 623,
e) May be used to control Trialeurodes vaporariorum. )

f) May be used to control Macrosiphumn pisi (less effective than 4% DDT in sulfur).

g) Superior, vs. Pseudococcus maritimus, to DDT, BHC, Chlordane, HETP, Toxaphene. Yielded §9% 2356,

control,
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24. BUTYLPHENOXYISOPROPYL CHLOROETHYIL SULFITE

h) Cephus cinctus: Completely resistant to Lethane 384®
i) Ineffective vs. Anthonomus pomorum.
i) Useful, among other substances, as summer miticide vs. tetranychids.

T) Screen test data:
a) For results of screening test with several insects, other arthropods, consult Reference 1801,

24

BUTYLPHENOXYISOPROPYL CHLOROQETHYL SULFITE
(2-(p-tert-Butylphenoxy)-isopropyl 2- chloro-
ethyl sulfite; g-Chloroethyl- 8°- (p-tert-butyl-
phenoxy)-«-methyl ethy! sulfite; 2" -Chloroethyl -
1-methyl-2-(p-tert-butylphenoxy}-ethyi-sulfite;
88 R; Aramite®; CES; Niagaramite.)

O CH;
CICH, CH, OSOCHCH, O— C(CHs);  Molecular weight: 331.83

GENERAL [Refs.: 1410, 191, 1697, 1812, 1409, 1301, 117, 1605, 2379, 2867, 129, 2120]

An acaricide of rather recent introduction which has proved itself effectively toxic to several species of phyto-
phagous mites both in the active stages and in the egg, but low in ingecticidal and phytotoxic action. It has a
residual action which renders an application effective for 7 days against certain acarines. It has been effectively
used as a contact acaricide at the rate of 1 Ib per 100 gallons, or at 2 lbs per 100 gallons if a longer residual
action is needed. Application must be made no later than 15 days before harvest of a food crop. Aramite® (the
name in common commercial use) has proved to be one of the better specific acaricides lately brought into use.
Effective against Tetranychus bimaculatus, Paratetranychus pilosug (=Metatetranychus uimi), Aceria sheldoni,
Bryobia praetiosa, and some others, including poultry mites.

a} Also consult the general treatment of Miticides or Acaricides in this work.

b) Screening test data for various insects may be found in Ref. 1801.

PHYSICAL, CHEMICAL

O

An organic sulfite, specifically a chloralkyl aryloxyalkyl suliite, of the general class R—OéO—R'; a yellowish,
clear ligquid when pure, the technical grade is a dark, amber-brown, oily liquid; m.p. <-31.7°C; b.p.
(pure) 200-210°C at 7 mm Hg, (technical 175°C at 0.1 mm Hg; a%% 1.148-1.152 {technieal); ni" 1.5705
{pure); insoluble in water; soluble in alcohol (and generally) in aliphatic solvents; miscible completely in aro-
matic solvents; solubility in petroleum oil declines with decreasing temperature; viscosity: 120-140 centipoises
at 25°C; volatility: 0.6 psi at 37.8°C; flash point {ca) 350°C; hydrolysis in strongly alkaline conditions with yield
of ethylene oxide, 1-p-tert-butyl phenoxy-propan-2-ol, and inorganic sulfite; in strong sunlight, decomposes
with evolution of 80, incompatible with alkaline agents, e.g. lime, Bordeaux mixture; compatible with many crop
protection agents, both insecticides and fungicides; non-corrosive, and may be used with vessels of black iren;
the technical grade contains the active ingredient to at least 90%, accompanied by inert aryl sulfites, various
xylenes, and propylene glycol as a stabilizer toward light and heat; half-life: In citrus peel = 7-8 days.

a} Formulated as 15% wettable powders; 50-90% emulsion concentrates {25% emulsion base); 3-4% dusts in

inert carriers or aerosols.

TOXICOLOGICAL

1} Toxicity for higher animals: Acute:

Animal Route Dose Dosage (g/k) Remarks

Rat or ca LDy, 6.3

Rat or LD, 3.9 Technical grade,

Mouse or LDy, 2

Guinea Pig or LD, 3.9 Technical grade,

a) Chronic toxicity:
(1) Dogs on 500 ppm in diet (dry basis), exposure 20 weeks, showed no effect. 129,
{2) Rats on 500 ppm in diet {dry basis), exposure 20 weeks, showed no effect. 129

(3) Rats on 500 ppm: in diet, exposure 2 years, showed no effect on growth rate, lactation.

(4} Rats: Threshold for significant effects was between 500-1580 ppm in diet.

(5) Rats on 500 ppm for 32 weeks showed no tissue damage; on 1000 ppm for 32 weeks showed no g1oss
effect but histopathological effects (as NHver cell damage}; 5000 ppm = lowest concentration producing
grossly observable effects.

{6) A 20% solution, on prolonged exposure, irritated hgyman skin.
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140 94, BUTYLPHENOXYISOPROPYL CHLOROETHYL SULFITE

2) Phytotoxicity:

a) Generally low, or minimal, but damage to certain varieties of Pyrus has been noted. 129, 2120,

{1) Bas been used without hazard on cotton, deciduous fruit trees (excepting certain varieties of pear), nut
{rees, beans, alfalfa, various cifrus trees, ornamentals. Safe on greenhouse plants.

3) Toxicity for Acarina:
a) Residual toxicity for Tetranychus bimaculatus in greenhouse tests on Phaseolus coceineus as host plant,
Used as a 15% wettable powder at rate of 1.25 lbs/gal. About BOO mites examined per trial:

Days Elapsed Between % Mortality After
Spraying of Plants and Infestation 7 Days 14 Days

1 22.6 98.3

2 54,7 99.0

3 50.0 97.4

4 56.1 91.8

5 43.0 96.4

[ 51.6 80.8

7 40.1 72,0

10 23.1 47.3

14 59.0 17.3

Control 3.9 0.4

{1) Effective acaricidal action for ca. 7 days; little ovicidal action with considerable numbers of new mites
hatching.
b) Residues and residual action against Paratetranychus citri on lemon fruits at various post-spraying infer-
vals. Used as spray of 15% wettable powder, 2 lbs per 100 gal., at rate of 1600 gallons per acre under
Scuthern California conditions of late October:

Days After Treatment Residue (ppm) % Mortality P. citri (Adult)
7 0.63 100
14 41 100
Al .19 140
32 11 g0
64 04 25

{1) Dosage. application method, and reinfestation with P, citri. Application at rate of 1600 gals. per acre;
high pressure spray:

Dosage (lbs/acre} Average No. Adult Mites Per 32 Leaf Sample At
21days 35 days 60 days 91 days
2 8.5 13.6 30.0 plots re-treated
4 2.3 9.4 15.0 plots re-treated
8 0.4 2.6 4.0 56
(Application at 200 gals. per acre by spray duster equipment:)
Dosage (lbs/acre) 41 days 63 days 88 days 104 days
1.5 16.5 86.0 Re-treated —
3.0 6.0 62.0 Re-treated —_
3.8 7.0 8.0 101 {Re-treated) —
6.0 0 i 0.4 1.5

{2) Effectiveness at 1600 gals.per acre, high pressure application, compared with 1.75% mediam petroleum
oil, vs. P. citri on lemon trees, under various seasonal conditions in Southern California. Test plots in

diverse crchards, {8):

Spray Application Test Inferval Av. No. Adult P. citri Per
In Days Material Dosage/ 100 Gals. 32 Leaf Sample
May 88 Aramite 5 oz 0.6
May 88 Oil 1.75 gal. 0.4
July 73 Aramite 4 oz 36.0
July 73 il 1.75 gal. 4.0
Ocicber 304 Aramite 8 oz 286.0
October 304 0il 1.75 gal. 25.0
QOctober 304 Aramite 16 oz 32.0
July 93 Aramite 3.6 Ibs/acre 3.0
July 93 Aramife 9.6 lbs/acre 1.0
July 80 Aramite 4.0 lbs/acre 36,0
October 304 Aramite 8.0 lhs/acre 90.0
Qctober 304 Aramite 16.0 lbs/acre 22.0

(On Orange Trees)

March 60 Aramite 2.0 lbs/acre 30.0
March 60 Aramite 4.0 lbs/acre 15.0

117
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24. BUTYLPHENOXYISOPROPYL CHLOROETHYL SULFITE

Spray Application Test Interval

In Days Material
March 60 Aramite
April 96 Aramite
April 96 Aramite
April 106 Aramite
April 106 Aramite
December 138 Aramite

{3) As a semi-concentrate spray on citrus, at 200 gals. per acre vs. P, citri.

Sprayed In

March
May

May

May
April
April

March

April
February
October

Test Interval (Days)

Dosage/100 Gals.

Av. No. Adult P, citri/

32 Leaf Sample

8.0 lbs/acre
2.5 Ibs/acre
5.0 lbs/acre
5.0 lbs/acre
10.0 lbs/acre
2.5 lbs/acre

Dosage lbs Aramite/Acre

4.0
4.0
1.0
2.0
3.0
4.0

Tested in 10 orange groves:

Av. No. Adults/32 Leaf Sample

13 19
33 W 2.8
42 3 0.3
1.5 8.3
32 3 2.2
6 1.0
53 2 0.3
60 3.6 0.5
70 rs 0.1
3 63.0
88 6 0.4
96 2 9.0
115 2.5 46.0
304 4 25

{a) Action against adult P. citri is slow; at low concentrations, 96 hrs of exposure to residues was re-
quired for inactivation. With post-treatment conditions favorable for mite development, dosage in-

creases from 1.5 to 6 or 8 lbs/acre improved control,
{4) Toxicity of Aramite for Tetranychus bimaculatus: T = topical treatment, with mites then transferred to

untreated leaves; R = residue treatment, untreated mites placed on treated leaves; TR = topical treat-
ment with mites left in place on treated leaves:

Applied Via

Settling Tower
Settling Tower
Settling Tower
Settling Tower
Sprayer
Sprayer

(5) Effectiveness of Aramite and parathion, as emulsions, in killin

Leaf

Bean
Bean
Avocado
Avocado
Avocado
Avocado

Formulation

Emulsion
Suspension
Emulsion
Suspension
Emuision
Suspension

on leaf surface opposite the treated surface:

Compound

Aramite
Aramite
Aramite
Aramite
Aramite
Aramite
Parathion
Parathion
Parathion
Parathion
Parathion
Parathion

% Conc.

0.12
g.12
0.12
0.12
0.12
0.12
0.03
0.03
0.12
0.12
.12
0.12

Leaf

Bean

Bean
Grapefruit
Grapefruit
Avocado
Avocado
Bean

Bean
Grapefruoit
Grapefruit
Avocado
Avocado

T

0314
0.0380

0.0031
0.0056

Suriface

Treated

Upper
Lower
Upper
Lower
Upper
Lower
Upper
Lower
Upper
Lower
Upper
Lower

LCy (2/100cc) By
R

R TR
0.0031 0.0018
0.0035 0.0023
0.0120 0.0089
0.0140 0.0088
0.,0015 0.0008
0.0033 0.6020

g adult Tetranychus bimaculatus, placed

% Mortality (Net) At

48 Hrs. 96 Hrs.
49 4 98.2
82.5 100
13.1 34.2
60.8 96.1
0 26.0
0 55.3
91.5 100
100 100
77 100
96.7 82.5
52.8 100
85.3 98.2

{6) Effectiveness of Aramite and others vs. Tetranychus bimaculatus as residues (mites [untreated] placed
on treated leaves); Settling tower application:

Compound

Aramite
Aramite
Parathion
Parathion
Sulphenone
Sulphenone

Formulation

Emulsion
Suspension
Emulsion
Suspension
Emulsion
Suspension

Bean Leaves

LCy (2/100cc) On

Avocado Leaves

0.0031
0.0035
0.0095
G.0072
0.25
0.45

0.012
0.014
0.013
0.0081
0.54
0.60
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c) Organic sulfites {Aramite and related substances) structure and toxicity,
Tetranychus bimaculatus on infested bean plants sprayed to cerun-off'’. Determination of mortalities at 48

24, BUTYLPHENOXYISOPROPYL CHLOROETHYL SULFITE

hours after tredtment.

measured as LD, in ppm, for

Compound
c1cmcn-o$o- Oet
CICchH—OSO-C 12Hos
CHCH:CHz- Ogo—CHzCHz(,‘l

Qo
C2Has-O80-Ciabas
{Alkyl-2-chloroethyl sulfites: CIC H20H2-0§0—R)
R

nC, Hy
nC, Hyg
nCg H,,
nCpHz
nC,; Hys
nCyHy
nC 14 HZQ
nC 16 Has

0
(Decyl haloalkyl sulfites; R-OSO-CyoHy)
R

C.H, -
CICH,CH, -
BrCH,CH, -
CC1,CH,-
CI(CHz)a -
CICH,CH
H,
CL,C, H, -
C, Hy -
CL(CH,), -

o}
{Alkyl haloalkyl sulfites: R-0S0-R)

R ®

CICH,CH,- nC, Hy
CL(CH,), - nC, Hy,
C1,C, H, - nC, Hy,
CICH,CH,- 1C,,H,e
CL{CH,), - 1C,,Hu
CL,CoH, - nC, Hy

{Substituted Aryl oxyalkyl 2- chlorethyl sulfites:

CpH.n R
-CH,CH, - H
-CH(CH,)CH, - H
-CH,CH, - pCl
~CH{CH,)CH, pCl
-CH,CH, - pC{CH, )s
-CH,CH,CH,- pC(CHy )y
-CH(CH,)CH, pC(CH, ); (FAramite)

Compound

0

C1CH,CH,-050-CH CHzO—O-CH(CHg}g
0 CH,

CICH,CH,-080-CH,CH,0-{ )-C(CH,),

o
(Ring substitution: CICH,CH,080-CHCH,0-(S®)
¢

3

LDy, (ppm)
1250
150
5000

10,000

LD m

gs PP

10,000
1,000
500

170

150

125

400

600

ILD,. pPpm

2500
170
125

1000
600
500

50
5000
400

LD,. ppm

g5 ¥

1000
625
125
125
125

75

0
CI(CH,), -080 Crl,n0- (1)
LD,. ppm

—-es rr

1250
600
250

60
50
20
10

LD,. ppm

gy PR
20

50

1410
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R LDy; ppm
H ~ 600
p-CH, 100
p-CH(CR,), 20
0-CH(CH, ), 20
p-CH(CH, )C,H, 10
p-C{CH;), = Aramite 10
p-C(CH, ),C,H, 16
p-cyclohexyl 25

Ring chlorine substitution of Aryloxyisopropyl 2-chloroethyl sulfites

?
CICH,CH,-080-CH CH,0-{ ~Cl
el

3

Cly LDy;_ppm
H 600
p-Cl 60
2-4-diCl 20
2,4,5-triCl 50
penta-Cl 150

(1) None of the foregoing compounds is more toxic than Aramite for Tetranychus bimaculatus. None betters

the low toxicity of Aramite for insects predatory on mites, for low mammalian toxicity, for high ovici-
dal action and lack of hazard for plants. Many sulMites are highly toxic for T. bimaculatus; others are
not toxic. Most simple, symmetrical compounds are too inactive; some hig_hly active compounds are
too phytotoxic at acaricidal dosages.

d) Resistance to acaricides:

(1) As an aerosol with methyl chloride, Aramite, which gave 100% kill of an ordinary strain of Tetranychus

bimaculatus, showed only a 2% kill of a strain resistant to several acaricides such as Parathion, Para-
Oxon, Methyl parathion, HETP, TEPP, Tetraisopropyl pyrophosphate, Sulfotepp, DMC.

e) See other data for Aramite in comparative tables under the general treatment of Miticides or Acaricides,

25

CALCIUM ARSENATE  (Tri-calcium arsenate)

CaH As O,; Ca, H,(AsQ,),; Ca,(AsQ,),; [Ca,(As0, ),],.Ca{OH), in indefinite mixture with unreacted CafOH), ,
CaCo,.

GENERAL [Refs.: 353, 2815, 1059, 757, 2226, 1542, 484, 3099]

Long used as a powerful stomach insecticide, destructive to the midgut epithelia of insects, particularly to con-
trol chewing, leaf and fruit eating insects, for example, boll weevil, bollworm, cotton leafworm, corn earworm,
etc. Intensely poisonous with a high toxic hazard for man and all animal life. Dangerous to wild life, beneficial
insects and honeybees. Phytotoxic potential very high, depending on variables of weather, humidity, ete, Like
other arsenical insecticides, it is being largely superseded by modern, synthetic, organic agents. Consult the
general statement on Arsenic, Arsenicals in the present work.

PHYSICAL, CHEMICAL

Commercial calcium arsenate, for insecticidal use, is not a single chemical entity, but an indefinite, complex
mixture of several arsenates of calcium (whose formulae are given above) with an excess of calcium hydroxide.
It is made by allowing arsenic acid (produced by oxidizing arsenic trioxide to arsenic pentoxide with nitric acid)

to react with calcium hydroxide in such a proportion that arsenates more basic than dicaleium hydrogen arsenate
result. Conditions of temperature, concentration, duration of the reaction are important, and influence the physico-

chemical nature of the product. The commercial product is ordinarily dyed pink, as a safety measure, and is

alkaline in reaction. The active ingredient is considered to be Ca, (AsQ, )2 and the form most suitable for applica-

tion to plants is held to be Ca, (AsOi )2 -Ca(OH)2, which is unstable below 35°C. Commercial calcium arsenates

are unstable in presence of CQ, and water, breaking down to yield calcium carbonate and dicaicium hydrogen ar-

senate, a substance whose appreciable water solubility greatly enhances the phytotoxic hazard.

Calcium arsenate is a white, flocculent, finely divided powder with an average particle diameter as low as 1-2 u.

It is higher in As O, content than acid lead arsenate, q.v., having 46-64%. It lacks the adhesive properties of lead

arsenate. Melting point and density are variable. Taste; Bitter, acrid; odor: Slight, like lime; practically
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insoluble in water, soluble in dilute acid media; stable in alkaline solution; unstable in acid solution; slightly
corrosive to metal containers and spraying equipment. Commercial calcium arsenate should contain at least
70% tricalecium arsenate (arsenate element 26%, arsenic in water soluble form 0.7%). Accumulates in the soil.
Formulations: Dusis (pure or in inert diluents); wettable powders; various mixtures with DDT, DDD, sulfur,
parathion, (with all of which it is compatible), and other insecticides.
a) Oftenused on cotton in alternate application with BHC, a fast killer with a short residual effect, while cal-
cium arsenate is a slow killer with a long residual effect. Used chiefly as a dust on field crops and forests.

TOXICOLOGICAL
1) Toxicity for higher animals:
a) LD,, for mammals: 35-100 mg/k; maximum allowable concentration as arsenic element: 0,15 ppm. 129, 2120
b} Acute toxicity:
Animal Route Dose Dosage (mg/k)
Rat or LD 20 3198
Rabbit or 1D 490 3198
Rabbit or LDy, 50 1870
Dog or LDy, 38 1870

¢) Chronic toxicity: Consuli the general statement on Arsenic, Arsenicals, for data on chronic arsenosis and

arsenic poisoning.

{1) Residues of ca. 650 ppm, or less, on alfalfa forage were fatal to cattle. 347

{2) Applied at 2 lbs per acre to alfalia (residue: 106-90 ppm) no hazard; cattle, others, winter fed on alfalfa 1063
sprayed at 3 lbs per acre showed no symptoms; alfalfa sprayed at 6 1bs per acre depressed normal
weight gain in cattle, horses, sheep.

(3) On alfalfa, sprayed at § ibs per acre {residue: 140 ppm}, a horse or cow, consuming 30 lbs forage a day. 2593
receives a daily dose of arsenic (calculated as AS:0;) less than the daily tolerated dose of 2000 mg.

2) Phytotoxicity:

a) High phytotoxic hazard due to the formation of water-soluble arsenic compounds which may be 353, 2815, 129,
enhanced under particular circumstances of weather, type of plant and use. 2120, 1069, 757
(1) Damage is done to foliage, fruit, stems, roats, depending on circumstance.
(2) Unsafe, hazardous, at all times, on stone fruits, for example, peach, cherry, plum, apricot, etc. 2557
{3) Even a normally safe spray application may severely burn apple foliage in cool, damp weather. 97
(4) Applied to coniferous forests, as dust at 40 1bs per acre, may seriously burn foliage. 3025
(5) Cotton is not ordinarily damaged at recommended levels and rates of application; iron, copper, lead, 286

zine oxides act as ‘‘safeners’’ on cotton.
b) Phytotoxic effects due to accumulation in, and ¢poisoning’ of soils:
{1} Applications for control of boll weevil on cotton may seriously injure soil for subsegquent crops; 590, 23, 22

sandy soils are more susceptible than tthegvier’’ soilg; gray loams are more susceptible than red 21, 591
soils.
{2) Lima beans, on sandy loams which have received 500 lbs per acre, will not germinate; in clay leams, 2795

receiving the same amounts, vields were only 15% of normal.

(3) As measured on the basis of yield of Setaria italica (millet), in pot experiments, so0ils may show 1174, 104
resistances to calclum arsenate injury of the following order; 264, 844
(a) Practically pure quariz sand at 4 1bs As.Os per acre: Injured; yield reduced by one-half.
(b) Scils with 20% colloid content: Average resistance; at 192 lbs As20s per acre yieid reduced by one-

half.
{c) Soils with 60% colloid content: High resistance; at 2112 lbs As,O; per acre yield reduced by one-
hali.
{4} Soils which have accumulated 30 ppm of arsenic from calcium arsenate application, as dusts for holl 618

weevil control, are rendered unfit for other crops ag well as cotton. Hazard is increased on c0arse
soils poer in humus. 48 lbs per acre are particutarly harmiul to the roots of cotton plants.

{(5) Phytotoxicity of calcium arsenate {o crop plants under various conditions of soil and dosage: 618

Soil Type Place_ Qosag_&&tﬁé@gﬁ) Effect Crop

Heavy Clay, South Carolina 1000 None Cereals, Cotton

Heavy Clay, South Carolina 1000-1500 Injury Vetch, Cow peas

Heavy Clay, South Carolina ¢large amounts”’ None Soybean

Sandy loam Norfolk, 8. Carolina 200- 300 Serious Injury Soybean

Silty clay Crowley, 8. Carolina 50 Injury; vield { 45% Rice

Sandy loam Crowley, S. Carolina 150 Injury, yield } 65% Rice

(a) Lima and snap beans and turnips were killed by applications of 1000, 2000 1bs per acre in the
top 3 inches of soil. All other vegetable crops were sensitive and damaged to greater or lesser
degree.
{6) Phytotoxicity of caleium arsenate to leaves of the cranberry bean, dipped in suspensions of various 108
concentrations and using the humid chamber method:
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Concentration {%) % Of Leaf Area Injured

05 19

.1 56

.125 65

.2 53

.3 72
3) Toxicity for insects: (N.B. how toxicity may vary for different samples)

Insect Route Dose Dosage (mg/g) Remarks
Alabama argillacea (5th instar) or LD, 0.25 (.07-.46) Ca arsenate sample 1.
Alabama argillacea (5th instar) or LD, 0.i8(.09-,21) Ca arsenate sample 2.
Alabama argillacea (5th instar) or LD, 0.19(.07-.22) Ca arsenate sample 3.
Alabama argillacea (5th instar) or LD, 0.12(.07-.15) Ca arsenate sample 4.
Alabama argillacea (5th instar) or LD, 0.18 (,08-.20) Ca arsenate sample 5,
Alabama argillacea (5th instar) or LD, 0.72{51-1.0) Ca arsenate sample 6.
Anticarsia gemmatilis or o 0.11 (.08-.21) Death in 20-48 hrs.
Apis mellifera (adult) or LD, 0.7 pug/bee Particle size fine-medium; as As.
Apis mellifera (adult) or LD, 0.6 ug/bee Commercial product; as As 1852,
- element.
Apis mellifera {adult} or LD, 1.3 ug/hee Coarse particle size; as As 1852,
- element.
Apis mellifera (adult} or LDy, 0.9 ug/bee Fine particle size; as As element.
Apis mellifera (adult) or LD, 1.0 ug/bee Medium particle size; as As element.
Apis mellifera (adult) ar LDy, 2.0 wg/bee Coarse particle size; as As element.
Apis mellifera (adult) or — 0.1 pg/bee 1% kill after 3 days; as As element.
Apis mellifera (adult) or — 0.8 ug/pee 88% kill after 3 days; as As element.
Apis mellifera (adult) or — 1.6 wpg/bee 100% kill after 3 days; 25 As element.
Ascia rapae (larva) or LD, >1.39 Ca arsenate sample 1.
Ascia rapae (larva) or LD, 0.74 (.60-1.04) Death in 20-48 hrs,
Autographa brassicae (larva) or LD, 0.50 {{33-.66) Death in 20-48 hrs.
Bombyx mori {larva) or LD, >0.78 Ca arsenate sample 1.
Bombyx mori {larva) or LD, ©.26(.123-332) = Intermediate zone. Sample 2.
Heliothis armigera (5th instar) or 1D, 0.21 +.083 *= 5% confidence limits.
Hyphantria cunea (larva) or LD, 2.0 (.42-4.77) Death in 20-48 hrs.
Leptinotarsa decemlineata {(4th instar) or LD, 0.052z%,008 == 5% confidence limits.
Melanoplus differentialis ¢ (av. wgt=.88g) or LD, 0.18 .12 += 5% confidence limits,
Melanoplus differentialis 9 (av.wgt=p.45g) or 1D, 0.16 =+ .086 == 5% confidence limits.
Calcium arsenate + Paris green

Alabama argillacea (5th instar} or LD,, 0.04 {.03-,08} Ca arsenate 30: Paris green 10.
Alabama argillacea (5th instar) or LD,, 0.09{.05-.15) Ca arsenate 92.5: Paris green 7.5.
Rhagoletis pomonella: Mean time for 50% kill; deposit from 1g/100 cc suspension = 76 hrs.,
Rhagoletis fausta: Mean time for 50% kill; deposit from 1g/100 cc suspension = 62 hrs.

Diabrotica duodecempunctata (Adult): Time to 50% kill after 1 min roll in 1g of 25% dust = 210 minutes,
Diabrotica duodecempunctata (Adult): Time to 50% kill after 1 min roll in 1g of 50% dust = 145 minutes.
Diabrotica duodecempunctata (Adult): Time to 50% kill after I min roll in 1g of 75% dust = 90 minutes.
Diabrotica duodecempunctata (Adult): Time to 50% kill after 1 min roll in 1g of 100% dust = 80 minutes.

a) Also consult section treating of Bees and Insecticides, in this work.
b) Toxicity of calcium arsenate to Hippodamia convergens, a beneficial predatory lady-bird beetle:
(1) Depending upon method used for application of calcium arsenate at 1 1/2 lbs per 50 gallon water spray,
the average kill ranged, for adults and older larvae, from 24 (16-31)% to 100%. Eggs and 1st instar
larvae showed none or slight mortality from application by any one of 4 different methods.

4) Mode of action, pharmacological, physiological, pathological considerations: Insects:
a) Consult the general section treating of Arsenic and Arsenicals in this wark,
b) The marked influence of pH upon the solubility of calcium arsenate exerts great influence upon its action

and toxicity for various insects e.g.:

(1) Solubility of calcium arsenate declines to virtually 0 in alkaline media, thus Bombyx mori may excrete
considerable guantities unchanged because the pH of the digestive tract is between pH 8-9.

(2) Dixippus, on the other hand (gut pH 6.6) is actively and quickly poisoned by calcium arsenate.

{3) Acid lead arsenate, for the reasons stated above, although containing 1/3 less arsenic than caleium
arsenate, is just as effective as calcium arsenate against Carpocapsa pomonella {larvae) with a gut
{stomach) pH of 8.5.

¢) Histological examination of Heliothis armigera larvae, after oral poisoning with calcium arsenate, revealed
disorganization and disintegration of the ceils of the midgut epithelium.

(1) Large patches of epithelium were sloughed into the lumen.

(2) Basement membrane and muscle intact, although chromatinic clumping was apparent in muscle cell
nuclei.

(3) Peritrophic membrane apparently undamaged.
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5) Calcium arsenate in the economic control of insects:

a) Vs. Alabama argillacea: The insecticide of choice; DDT does not control. 2226

3 xs as toxic as DDT ior A. argillacea at 5 days interval application using 4-8 Ibs/acre.
h) Vs. Pleris (=Ascia) rapae: 25% dusts gave T8% control. Residue hazard. 2226
¢) Vs. Protoparce sexta, P. quinguemaculata: 50% dusts gave control. 2226
d) Lymantria dispar: Controlled by dusts at 40 Ihs/acre. 837
¢} Vs. Cirphis unipuncta: 20 1bs/acre gave 30% control. 2428, 2796
) Vs. Heliothis armigera: Less efficient than copper arsenate which is 2 times as effective. 1264, 323
g) Vs. Choristoneura fumiferana: Only poor control at 30 lbs/acre. 3b3
h) Vs. Carpocapsa pomonella: At a disadvantage vis-a-vis lead arsenate because of phytotoxicity to apple

trees, 726
i) Effective vs. Loxostege similalis, but replaced by DDT. 3287
j} Vs. Plutella maculipennis: Gives control, but is inferior to nicotine sulfate and supplanted 160, 445, 1480,

by DDT. 2705, 3234
k) Vs. Clysia ambiguella: Supplanted by DDT. 3287
1) Vs. Melittia satyriniformis: Supplanted by DDT. 375
m) Vs, Nematus ribesii: Supplanted by rotenone. 375
n) Vs. Leptinotarsa decemlineata: 0.6% suspensien controls, but supplanted by DDT. 3287

0} Vs. Epitrix cucumeris, E. tuberis, E. fuscula: Gives only ca 35% control. Replaced by DDT. Vs. 375, 1052, 1525,
E. tuberis: Increases the effectiveness of DDT, 0.1% DDT + 0.5% calcium arsenate recommended.1255, 349, 1202

p} Vs. Cylas formicarius: Far surpasses Paris green in control of. 561
q) Vs. Pantormus leucoloma: Effective, but surpassed by DDT. 3388
r) Anthonomus grandis controlled by undiluted dusts at 7-10 lbs/acre; toxaphene, DDT, lindane are 285, 2438,

superior. Aldrin, Dieldrin probably surpass all. 1657

26 ~

CALCIUM CYANIDE ({Cyanogas®)

Ca(CN). Molecular weight: 92.12

GENERAL [Refs.: 484, 353, 2815, 1059, 757, 129, 2120, 1925, 605, 611, 3261, 2250, 2561,
3153, 3154, 3152]

Used as a source of HCN in circumstances in which a fumigant action with hydrocyanic acid gas is desired. Cal-
cium cyanide reacts slowly with water in moist air yielding HCN. Widely used as a space and storage fumigant
and in limited soil fumigation in the field and greenhouse. Used in the fumigation of stored cereals and in the
control of scale insects on glasshouse plants. May be mixed with grain in steel storage bins or elevators at the
rate of 10 lbs per 1000 bushels of grain. Like all cyanides intensely poisonous and hazardous to all living ani-
mals adequately exposed.

PHYSICAL, CHEMICAL

A gray, crystalline, solid or powder; soluble in water; unstable in the presence of moisture, especially in the 2250
presence of such a weak acid as H:COQs, breaking down with the evolution of HCN. Highly poisonous and must be 2561
kept dry in appropriate, tightly sealed containers. The amount of HCN evolved in a normally moist atmosphere 129

amounts to ca. 25% by weight of the calcium cyanide used. The decomposition by water proceeds at humidities
as low as 25% relative atmospheric humidity. The commercial product should not contain less than 42% calcium
cyanide. Formulated as dusts, flakes, granules. Formulations with ca 35% cyanogen content may be made by
combining HCN, calcium carbide, 2% water. 1 1/4 ounces of 30% cyanogen Ca(CN); = to 20 cc liquid HCN.

TOXICOLOQGICAL

1) The toxicity of calcium cyanide is due {o the cyanide ion and the hydrogen cyanide evolved by the substance.

{See the treatment of Hydrogen cyanide in this work,)

a) Precautions must be taken in situations where the use of calcium cyanide in enclosed spaces may lead to
high concentrations of hydrocyanic acid vapor.
{1} This vapor is toxic not only by inhalation but by skin absorption.
(2) Appropriate masks should be used where high concentrations are possible. Avoid inhalation, skin con-

tact.

b} Symptoms of exposure to small doses: Dizziness, headache, shortness of breath, which, on continued ex-
posure, may result in convulsions, coma and collapse.

¢) Residue levels drop quickly on airing.

d) Use of caleium cyanide as a rodenticide indicates the hazard involved for domestic and wild animals.
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2) Uses of calcium cyanide in the centrol of inseets:
a) For the toxicity and biclogical properties of ‘‘cyanide”, and hydrogen cyanide consult the section on Hydro-
gen cyanide in this work.
b) For night fumigation of greenhouses; other fumigations:

(1) Calcium cyanide {dust, flakes, granules) scattered on floors at rate of 1/4 - 1/3 ounce per 1000 ft? at

55°-75°F,

(2) Plants should be unwatered and exposed for 1 hour.

(3) Fumigation of earnation plants in glasshouses at rate of 0.75 oz per 1600 ft, =to 0.13 mg/1 HCN, for
exposure periods of 3 hrs; may result in damage to plants, particularly if soil is damp and plants un-
shaded.

To control Phenococcus gossypii on greenhouse chrysanthemums:

(4

—

{a) Overnight exposures, 3-6 fumigations at weekly interval, using 3/16 - 5/8 ounce per 1000 ft? resulted

in high mertality, with 5-15% of eggs also being killed.
(b) Pseudococcus citri, P. maritimus, are distinetly < susceptible to Ca(CN); fumigation than Pheno-
coccus gossypii.
(5) Used in control of Tarsonemus latus (adults, larvae, eggs) and Heliothrips haemorrhoidalis on green-
house plants, almost 100% (98.5%) mortalities may be achieved using 1 oz. (28 4g) per 1000 ft3.
(a} Higher mortalities of Tarsonemus latus are had at 56°-55°F than at 66°-80°F.
Fumigations of orchard irees may be carried out under appropriate tents with exposures, at night, of
1 hr at 50°-75°F using Ca(CN); dust.
(7} 5-7 g 28% cyanogen Ca(CN); per 1000 ft® is recommended for greenhouse fumigation, although resistant
insects may need 2 oz per 1000 ft*,
(8) For the control of Diaspis boisduvalli, (Boisduval’s scale) on Cattleya in low concentration; overnight
greenhouse fumigation:

(6

~

Number Weekiy Ounces 40% Ca{CN)»/ 1000 ft? % Mortality {Mature 99
Fumigations 1st Week 2nd Week 3rd Week
0 {control) 7.3
1 1/15 — —_ 37.3
1 1/10 —_— — 81.7
i 1/8 — — 84.4
2 1/10 1/10 — 97.6
2 1/10 i/8 — 96.9
3 1/10 1/8 1/10 98.4

{a) Slight injury to older leaves may be expected.
{9) May be used in fumigation of ant nests outdoors,
c) Other uses:
(1) As a paint in linseed oil, has been used to control Saperda candida (white-headed apple borer).
{2) Effective against Blissus leucopterus {chinch bug).
d) Effectiveness of caleium cyanide in the control of certain insects under greenhouse conditions:
(1} Vs. Trialeurodes vaporariorum:

Number Of Fumigations Dosage Ounces/1000 ft* Temperature (°F) Relative Humidity (%) % Kill
2 1/12 62-T1 —_ 60
2 1/8 60-67 S0 T70-80
4 1/6 54-70 72-95 80
1 1/5 64 79 80
11 1/4 58-67 T1-87 90-100
17 1/3 56-68 84-87 30-100
11 1/2 52-.70 — 50-100
2 /3 58-70 —_ 100
4 3/4 59-77 —_ 100
(2) Vs. other insects:
Insect Plant Dosage Temp, (°F) Relative % Kill No.
0z/1000 {3 Humidity (%) Fumigations
Myzus persicae — /17 71 73 80 1
Myzus persicae —_ 1/5 62 79 70 2
Myzus persicae _— 1/4 58-62 83-89 50 3
Myzus persicae — 1/3 52-66 83-94 98 8
Myzus persicae — 37 60 89 0 1
Myzus persicae —_— 1/2 52 — 100 1
Macrosiphum gei — /7 60 38 75 2
Macrosiphum gei S— 1/6 65 — 60 1
Macrosiphum Tineatum —_— 3/8 55 38 50 2
Myzus circumflexus —_ 1/4 53-65 83-89 78 5
Myzus circumflexus _ 1/3 5% 68 80 1
Myzus circumflexus —_ 1/2 53-55 88-90 90 2
Macrosiphonielia sanborni —_ 1/4 53 —_ 100 1
Macrosiphoniella sanbormi —_ 1/3 53-55 — 100 2
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{2) Vs. other insects:

Insect

Aphis rumicis
Thrips tabaci
Thrips tabacl
Thrips tabaci

Plant

Carnation
Carnation
Carnation

Heliothrips haemorrhoidalis Tomato

Helicthrips haemorrhoidalis Arums

Helicthrips bicinctus Smilax

Parthenothrips dracenae Kentia palm

Dosage Temp. (°F) Relative % Kill No.
0z/1000 £t Humidity (%) Fumigations

1/5 59 89 90 1

1/3 60 —_ 10 —

/2 62 — parfial control —

2/3 59 — 85 —_—

1/4 59-60 72-13 30-40 —

/1 60 89 70 —

1/4 59 97 10-20 —

11/2 60 —_ 90 —

27

CARBAMATES AND CARBAMIC ACID ESTERS AS INSECTICIDES;
(See the several individual carbamic acid

GENERAL TREATMENT

GENERAL REMARKS

esters in this work.)

(Refs.: 1120, 2042, 1132, 1133, 1317, 1316, 3272, 2552

a) The general class of substances known as carbamic acid esters contains numerous compounds intensely
toxic for higher animals.

b) Recently, this group has been found to contain sul

(1) Examples of these new insecticides are compounds named: Dimetan, Pyrolan, Isolan, q.v.

¢) For mammals and other vertebrates, physosti
iodide or prostigmine, are all well known cholinergic drugs, powerful in action an

carbamic acid esters.

d) As insecticides, these substances are charac

domestica.

{1} Toxic on contact to aphids, thrips, bed bugs, granary weevils, etc.

(2) Low effectiveness vs. spider mites.
(3) Residual action is of short duration.

(4) Some have shown an effective systemic action, being absorbed by plants via leaves and/or roots, in
quantities toxic to thrips and aphids feeding on the treated plants.

e) Insect poisoning by these substances is sharply distinguishable from the toxic action of the well-known
chlorinated hydrocarbons.

{1) The action is more rapid, resembling that of phosphoric acid esters.
{2) They include potent inhibitors, in vivo and in vitro, of choline csterase(s).

1) Toxicity for insects of substances of the general formula
o]
ROONHCH,
is closely dependent upon structure.
a) Toxicity of pyrazolyl carbamates for Musca domestica:
(1) General formula: R"—ﬁ ﬁ
N C-OCR
\I.‘T/
RJ’

R )4 RrR" Fifective Concentration {mg/cm?)
N(CH,), Cs Hy CH, 0.01
N(C,H; }, C, Hy CH, 10
N{C,H, ), C, H, CH, 1
N{CH, )C, H, C, H, CH, 1

AH;—CH;
N\ /CHZ C. Hy CH, 01

CH;—CH;

N(CH,), p-CH,C; H, CH, 10
N{CH,), p-CH,OC,H, CH; nil
N{CH,), m-Clecg H, CH, 10
N(CH,), 2,3-diCiC;H, CH, nil
N{(CH, ), 3,5-diCi1C,H, CH, nil

bstances which have a powerful action as insect toxicants.

gmine, m-dimethyl-aminophenyl N-methyl carbamate meth-
d belonging to the class of

terized by a swift, pyrethrin-like eifect, when tested on Musca

1317, 1316



R

N(CH, ),
N(CH,),
N(CH,),
N(CH,),
N(CH,),
N{(CH,),
N{CH,),
N(CH,),
N{CH,),
N(CH,),
N(CH,),
N{CH,),
N(CH,),
N(CH,),
N(CH, ),
N(CH,),
N(CH, ),
N(CH,),
N{CH,),
N(CH,),
N(CH,),
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n-C, H

CH, CH(CH,),
CHI{C,H; )CH,
c(cH,),
CH,C(CH,)-CH,
cs H,,
CH,CH,CH(CH,),
Cq Hy,

CH,CH, F
CH,CH,OC H,

R"

cH,

Effective Concentration (mg/cm?

nil
0.1
0.1
1

10
0.01
0.01
0.01

0.01-0.1

0.01
0.01
0.01
0.01

0.01-0.1

0.001
0.01
.1
0.001
1-10

0.01-0,

0.001

b) Toxicity of heterocyelic carbamates vs. Musca domestica:

c¢) Contact toxicity,

Compound Effective Conc,
(mg/cm® )
0
u
OCN(CH,):
-~
[ 0.001
HyC N/ CHs
CHs
me Q 0.1
crslyy, J oon(eny),
I'LC[/NBCH.«: 01
HC Xy~ OCN(CHa), '
i
0
e o .
N3 ~ OCN(CHs)a Tnactive

anticholinesterase activity and hydrolysis of phenyl-N-

Compound

Ha
N O
'/3 Il
catir L ocniemy),

N 9
N OCN(CHs).

CHs

1

Effective Conc.
{mg/cm®)

0.1

Inactive

DR
N/ OCN(CHy)» Inactive

methylcarbamates:

149
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1848



150 27. CARBAMATES AND CARBAMIC ACID ESTERS AS INSECTICIDES; GENERAL TREATMENT

R Cholinesterase Musca domestica Heliothrips M
. Tnhibiliong, (L) 1D, Topical (ug/g) haemorrhoidalis LC,, (%) 2t 32.5°C
{moles)
n 2% 107 70 0,015 2.5 x 10°
o-CH, 1x 107 500 .008 2.6 10°
m-CH, §X 1078 50 .003 3 x10°
p-CH, 1x 107 500 > .1 —
m-C,H;g 1% 1078 250 .02 —
o-isoC,H, 6x 107 100 .00018 54.5
p-iso C;Hy 7% 1078 > 500 .023 —
o-tert C, Hy 6x 1078 75 00015 28
m-tertC, Hy 4 %107 50 .00008 4
p-tert C, H, 1.5%10™ > 500 > .1 —
0-NO: 5% 1073 250 -— 3.4 x10°
m-NO: 2% 107 > 500 .02 _
p-NO: 3x 1073 > 500 > .01 3.4 x 108
0-Cl 5% 1078 75 > .01 2.0 x 103
m-Cl 5 x 1078 100 .007 1.7 x 10°
p-Cl 2.4 x 107 > 500 .018 1.0 x 103
0-C, Hy,; 1.4 x 1078 > 500 0007 —
5-di-CH, 6x 107% 60 .0015 —
m-{CH; )z N gx 1078 500 .0005 20
m-{CH,), N'CH,1 1.6 x 1078 > 500 .02 _
2-CH,-5-isoC, H, 2x 108 > 500 .00025 —
5-CH,-2-is0C, H, 1.4 %1078 30 .0003 —
2,3,5-tri-ch, 6 x 107® 500 00023 —
2,4-di-tertC, Hy 1% 1078 > 500 > . —
2,4-di-Cl 5% 104 > 500 009 —_
2,4-di-NO» 1x10-3 > 500 .03 —
2CH, -4,6-di-NO, 4 % 10-3 > 500 > .01 —
2,6-(:1i—CI-I:,IO-3,5—di—NO2 7x 1075 > 500 004 —_
2,4,5-tri-Cl 1.4 x 10-5 > 500 .02 —_
2,4,6-tri-Cl 1.7 1075 > 500 .04 —
d) Toxicity and anticholinesterase activity of carbamic acid esters vs. various insects:
f1) vs. Musca domestica: 1119, 1848
Compound LD, (us/g) L, (Moles)
Prostigmine bromide > 500 4 x10-®
N,N-Dimethyl carbamic acid ester of (2-hydroxy-5-phenyl benzyl) ~ 500 3% 1078
dimethyl ammonium chloride
N,N-Dime.thyi carbamic acid ester of (3-hydroxy- 2-pyridyl methyl)-di ~ 500 g x 1078
methylamine BCl
Dimetan 3.2 (Qral) —
Pyrolan 3.2 (Oral) —
{2) Vs. other insects: 2659
Compound Deltocephalus dorsalis D. cucurhitae Ceratitis capitata
LD, or 1., (inoles) LD,,, or I, (moles) LD,,, O 1_, (moles)
(ue/e) (ug/g) (une/g)
Dimetan 117 5 x 1077 128 6.5 x 10-7 92 5.6 % 10-7
Isolan — 7.2%x 108 -— 8 x 10-2 — 1.2x 107
Pyrolan 1.3 2x 1078 1.2 7.8 x 103 4.6 2.8x 1078
3) Pharmacology, mode of action ete.:
a) Physostigmine affects transmission in insect nerve. Symptoms develop gwiftly: 505, 2682, 3096
1) Trembling, ataxia, falling, yield to prostration with recurrent tremor followed by death or sometimes

recovery.

(2) Applied to ventral nerve cord (Periplaneta americana} at the 6th abdominal ganglion at 5 x 107° M, gave
after-discharge following a presynaptic voiley of nerve impulses; at 10-4 M gave synaptic block; trans-
mission along giant fiber axon: No effect before 10-? M concentration.

(a) Effect may be removed by washing.

(3} Effect in insects {as in mammals ) is consistent with a postulate of cholinesterase inhibition.

b) It has been postulated by some that the charge on the carbamate molecule influences physiological action, 3322
for instance:

{1) Prostigmine does not penetrate crab or squid axon; does not affect conduction.

{2} Physostigmine penetrates and affects conduction.

(3} m-Dimethylamino phenyl dimethyl carbamate, although but 1/100th as aciive as prostigmine as a cho-
linesterase inhibitor (tertiary amine analogue of prostigmine), peneirates the nerve axon to block con-
duction,
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¢) In vitro choline esterase inhibition by prostigmine was not affected by pH.
T1) Molecule remained positively charged over the pH range,
(2) Physostigmine is cationic at pH 6 becoming neutral at pH 10.
{a) Gives maximum ChE ighibition at pH 6.

(3} LD,, of physostigmine, by injection in Locusta migratoria, = 20-25 wg/g; LD,, of prostigmine (same

route) = 1200 mg/g.
d) Utimate mode of action in insects appears to depend on inhibition of insect ChE,

(1) Toxic carbamates with acetylcholine-like configurations are all effective ChE inhibitors.

(2) Correlation of contact toxicity for Musca domestica of N-methylcarbamates of substituted phenols with
ChE inhibitory activity is good.

{3) Musca, paralyzed by 5 yg/insect doses of n-tert-butyl phenyl N-methylcarbamate (the most toxic com-
pound), showed 71% inhibition of brain ChE; the related m-dimethylaminophenyl M-methyl carbamate
gave 52% inhibition.

{4) Inhibition was not as complete as that given by organophosphorus insecticides.

{a) Evidence of the reversible nature of the inhibition, with partial dissociation from the enzyme, seems
to be supported by ability of Musca to recover after several hours.

(5) In vivo and in vitro ChE inhibitory action may differ markedly for a given carbamate, suggesting in yivo
metabolic alteratmns or interactions, to yield highly active, or less active, products.

(6) Pyrolan and dimetan exhibit a certain specificity toward the various esterases.

28

CARBON DISULFIDE  {Carbon bisulfide, Carbon disulphide or bisul-

phide)
CS: Molecular weight: 76.14
GENERAL [Refs; 2662, 120, 2120, 2815, 353, 757, 1059, 2706, 314, 539, 1925, 605, 1327,

2260, 611, 3261, 1024, 2414, 2375, 197, 55, 3187, 2840, 541, 1533, 1534]

(Also see general treatment of Fumigants in this work.)

An insecticidal fumigant whose properties, in control of some insects, have been known and used since their dis-
covery in France in 1854, First used to control grape Phylloxera on the roots of vines. Following discovery of
its usefulness (and it was probably the first of the synthetic insecticides of organic nature), carbon disulfide ad-
vanced rapidly in general use, although it is now being replaced by other fumigants, or mixtures of other fumi-
gants and carbon disulfide, to reduce the serious hazards involved in its use. Preparation is by heating sulfur
and coke in the electric furnace.

The vapor of carbon disulfide is highly tuxic, and the effects of continued exposure to appreciable amounts may
be cumulative and attended by pathological changes which may be fatal,

Carbon disulfide has found extensive use in household, warehouse, ship, soil, and stored products fumigation. In
the fumigation of grain, it is to be remembered that germination potential is seriously impaired. Being exceed-

ingly toxic to all living things, carbon disulfide cannot be used as a greenhouse fumigant. With proper precautions,

it has been used to fumigate dormant nursery stock and as a soil fumigant in vineyards and elsewhere. As an
emulsion, it has been applied to the soil to control such soil-dwelling insects as Japanese beetle and wireworms,
In this last connection distinct nematocidal properties may be noted.

PHYSICAL, CHEMICAL

Colorless to yellow, highly inflammable, liquid; impurities customarily present confer a noxious, highly unpleas-
ant, smell; m.p. - 111,6°C; b.p. 46.3°C; d”’a (as liguid) 1.263 as gas 2.63 (air = 1); bulk density: 359 cc = 1 pound,
10,5 pounds = 1 gallon; n15 1.6315; v.p. 361 mm Hg at 25°C, 297.5 mm Hg at 20°C; vapor saturation at 25°C

1470 mg/1; 77 lbs/ 1000 ft = the maximum amount which can be present as a vapor at 68°F; flash point (ea} 20°C;
at 1 volume to 99 volumes air = an explosive mixture; ignites spontaneously at 125°-135°C; explosive in air at

a lower limit of 1.2%; soluble in water to 0,22g/100 cc at 32°C (or 1 cc:530 ec water); miseible with most organic
solvents, notably anhydrous alcohol, chloroform, ether; a lipoid solvent. Highly poisonous and to be used only
with appropriate precautions to guard against personal and public hazard. Fire hazard is reduced by using car-
bon disulfide in appropriate proportions with carbon tetrachloride. Voids fire insurance, Formulations: Usually
used alone; emulsions with alkali (thiocarbonates)}, soap, alcohol and solutions have been on the market; mixtures,
notably with carbon tetrachloride, to reduce fire hazard. In general use at 5-30 lbs per 1000 fit*,

Other physical, chemical and miscellaneous data:

151
2342

1583

2231

505

2659

2552
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a) Maximum weights of CS; which can, under various conditions, exist in vapor form in a 1000 ft* fumigating

chamber:

(1) N.B. CS; is liquid at 32°F,

Temperature

(F)
32
59
68
7
86
95
104
113
122

b) 1 mg/1 of CS; {molecular weight 76) = 322 ppm; 1 ppm = 0.0031 mg/1.

Vapor

Pressure

127 mm Hg
246 mm Hg
297 mm Hg
357 mm Hg
433 mm Hg
519 mm Hg
617 mm Hg
729 mm Hg
760 mm Hg

Lbs/ 1000 ft*

36
65
77
91
109
128
150
175
179

¢} Sorption and penetration of CS; in patent flour compared with certain other common fumigants:
{1) Sorption by patent flour, in 5 hr surface exposures, 25°C, exposed to 200 mg fumigant/1 at standard

pressure:

Fumigant

Carbon disulfide
Methyl acetate

Carbon tetrachloride
Ethylene dichloride
Trichloroethylene
Propylene dichloride

Chloropicrin

Tetrachloroethylene

B.P.{°C)

1
1

46
57.5
76.7
84
87.1
96
12
20

Mg Fumigant Sorbed
(After 5 hrs Exposure)

10.9
68.5
14.7
41.0
25.6
34.1
78.3
113.7

{2) Penetration through flour after 24 hrs exposures under standard conditions:

Fumigant

Carbon disulfide
Methyl acetate

Carbon tetrachloride
Ethylene dichloride
Trichloroethylene
Propylene dichloride

Chloropicrin

Tetrachloroethylene

TOXICOLOGICAL

1) Acute toxicity for higher animals:

Animatl

Rabbit
Rabbit
Cat
Cat
Cat
Sunfish
Trout

Route

sc
inh
inh
inh
inh

Medium

Medium

Dose

LD
LC
LC
LCc
LC
LC
LC

Sorption Ratio

(Arbitrary Standard)

a) Poisoning is ordinarily by inhalation of the highly toxic vapor.

b) Chronic intoxication, by vapor inhalation, is the chief hazard for man.

{1) 2000 ppm {1:500 in air) brought on giddiness, vomiting, severe headache, in 30 minutes.
{2) Repeated daily exposure (1:15,000 concentration) yielded ill health, malaise, cachexia.
(3) Maximum concentration tolerated without serious effect for 1 hr: ca 4800 ppm
(4) Maximum tolerated concentration: 60 minutes at 1.5 mg/1; 8 hrs. at 1 mg/L.
¢} Daily exposures should not exceed concentrations of 20 ppm.
d) Space concentration limits: Massachusetts, 15 ppm; New Jersey, 20 ppm; Wisconsin, California, I ppm.

e} Probable safe concentration for indefinite exposure: 0.01 mg/] or 3.2 ppm.

1) Contact with skin and eyes should be carefully avoided.

Pharmacological, pharmacodynamic, physiological elc., higher animals:

a) Carbon disulfide is a liposoluble central nervous system poison.

Mg Fumigant Passed Penetration
Through In 24 hrs. Ratio
154.6 1
108.2 .10
119.7 .8
111.3 .72
95.8 .62
94 .8 .61
65.1 .42
57.6 37
Dosage Remarks
300 ' mg/k
16 mg/l 6 1/4 hrs exposure; death in 7 days.
23 mg/l  Continuous exposure, 3 hrs.
7400 ppm Continuous exposure, 3 hrs.
122 mg/l 48 minute exposure; death in 12 hrs.
100-127 ppm In tap Hz0; death in 1 hr.
3000 ppm 7 min exposure; death 2 days later.
197,
2221,
1221,
1221,

b) Symptoms (acute) involve CNS depression.
{1} Exposure (30 min or > ) to >>1000 ppm yielded initial excitement followed by CNS depression; followed by
coma succeeded by terminal convulsions; ended by death in respiratory failure,

26T

2815
3013

1982
1962
1960
1960
1960
2811

939

1221
197

3187
1665

123
1665
129

1220
1220
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¢) Chronic exposure ko sub-acute concentrations: 1221, 1220
{1) Chronic symptoms due to extensive CNS damage.

(2) Multiple peripheral neuritis leading to paralysis was commonly noted.

(3) Optic nerve particularly susceptible; visual disturbances due to optic nerve atrophy,

{4) Corneal anaesthesia; corneal hyporeflexia is characteristic.

(5) Rotary nystagmus (of vestibular origin) is frequently seen.

(6) Prolonged, sub-acute exposure may cause emotional instability, sexual impotency, dementia, mania, 318
parancia followed by other psychoses,

(7) Parkinsonian symptoms suggest involvement of basal ganglia in the toxic process,

(8} Sleep and appetite disturbed; gastrointestinal symptoms, weakness, anemia, weight loss, general debility
may attend chronic exposure.

d} Treatment is mainly symptomatic; recovery is prolonged; damage may be irreversible. 1221
3) Phytotoxicity:

a) Too phytotoxic for any but specialized applications. Not applicable to glasshouse or growing plants. 353, 129
Toxic to some seeds, particularly impairing germination in those of high moisture content, but less damag- 757
ing to dry seeds. Kills many perennial weeds.

b) May be used, without damage, to fumigate fresh fruit, but thorough airing is necessary. 787, 1601

¢) Under proper conditicns may be locally injected into trees and shrubs to control burrowing insects such as
Zeuzera pyrinae, Prionoxystus robiniae, P. macmurtrei, Podosesia syringae, Tremex columbae.

d) Soil fumigation at base of Vitis controls root Phylloxera vitifoliae without undue damage to the vine. 2226

4) Toxicity for insects:

(N.B.: To obtain values in terms of Ths/1000 ft* divide mg by 16.4)

a) LC,, and LC,, values for several stored products insects (adult stage), exposed in empty 100 ft* fumatoria
at 70°F: 2005
Insect LC,. (mg/1)

2 hrs Exposure

6 hrs Exposure

2 hrs Exposure 6 hrs Exposure

Sitophilus granarius 103 43 149 65
Sitophilus oryzae 48 36 80 50
Zabrotes pectoralis 84 46 166 64
Stegobium paniceum 110 42 168 62
Tribolium confusum > 179 75 > 179 103
Acanthoscelides obtectus 54 29 90 43
Oryzaephilus surinamensis 119 40 > 179 68
Rhizopertha dominica 72 31 108 49
b) Cther toxicity data:
Insect Route Dose Dosage Remarks
hsect nOule — Tmgl aemarss
Attagenus piceus {larva) fumig LG, 88 Exposure 5 hrs, 25°C; empty flask fumigation. 2817
Bruchus obtectus (adult) fumig LC,, 22 Exposure 5 hrs, 25°C; empty flask fumigation. 2816
Dacus dorsalis (naked eggs fumig LC, 53 Exposure 2 hrs, 7T1°-80°F; emply vessel fumiga- 255
23-26 hr old) tion.

Dacus dorsalis 1 fumig LCys 92 Exposure 2 hrs, 71°-80°F; empty vessel fumiga-

tion. 255
Dacus dorsalis (larva) fumig LCSO o6 Exposure 2 hrs, 71°-80°F, empty vessel furniga-

tion. 255
Dacus dorsalis (larva) fumig LCBs 89 Exposure 2 hrs, 71°-80°F; empty vessel fumiga-

tion. 285
Ephestia kiiehnielia {eggs) fumig LC,., 502 Exposure 1 hr; vacuum held at 0 inches. 608
Ephestia kiiehniella (eggs) fumig LC,, 502  Exposure 1 hr; vacuum held at 29 inches. 608
Limonius californicus famig LC, 31.5 1957
Limonius ecalifornicus fumig LC,, {ca) 51 1957
Limonius californicus fumig LC, 4.2 Exposure 5 hrs. T?°F, in liter flasks with 500g

soil. 1958
Limonius canus fumig LC, 4.2 Exposure 5 hrs, 77°F, in liter flasks with 500 g

soil. 1358
Oryzaephilus surinamensis (adalt) fumig LG, 34 Exposure 5 hrs, 25°C, empty flask. 2816
Rhizopertha dominica (adult) fumig LC, 20 Exposure 5 hrs, 25°C empty flask. 2817
Sitophilug granarius {adult) fumig 1C, 40 Exposure 5 hrs, 25°C empty flask. 28186
Sitophilus granarius (adult) fumig Lc, 66 Exposure 5 hrs. 25°C empty flask. 2816
Sitophilus granarius (adult) fumig LG, 23.8 Exposure 24 hrs, BO°F, at surface of wheat. 2009
Sitophilus granarius (adult) fumig LCys 32.5 Exposure 24 hrs, 80°F, at surface of wheat. 2009
Sitophiius granarius {adult) fumig LC, 27.6 Exposure 24 hrs, 80°F, 2 in below surface of

wheat, 2009
Sitophilus granarius (adult) fumig LC, 40.1 Exposure 24 hrs, 80°F, 2 in below surface of 2009

wheat.
Sitophilus granarius (adult) fumig LC 23.7 Exposure 24 hrs, 80°F, 5.5 in below surface of

wheat. 2009
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h) Other toxicity data:

Insect

Sitophilus granarius (adult)
Sitophilus oryzae (adult)
Sitophilus oryzae {adult}

Tenebriodes mauritanicus {adult)

T. mauritanicus {adult)
T. Mauritanicus (adult)
T. mauritanicus (adult)

Tribolium castaneum (adulf}
Tribolium confusum (adult)
. confusum {adult)
confusum (adult)

. confusum (adult)
confusum {adult)
confusum {adult)
confusum (adult})

. confusum {egg)
confusum {egg)
confusum (adult)
confusum {adult)
confusum (adult)
confusum (adult)
confusum (adult)
confusum (adult)

o]

IS S S I A R I S S S

confusum (egg 1 da old)
confusum {egg 3 da old)
confusum {egg 5 da old)
confusum (egg 7 da old)
confusum {larva 1 da old)
confusum {larva 7 da old)
confusum (larva 14 da old)
confusum (larva 21 da old)
confusum (larva 28 da old)
confusum (larva 35 da old)
confusum (pupa 1 da old)
confusum (pupa 3 day old)
confusum {pupa 5 da old)
confusum {pupa T da old)
confusum (pupa 9 da old)
confusum (adult  da old)
confusum (adult 4 da old)
confusum (adult 7 da old)
confusum {adult 14 da old}
. confusum {adult 21 da old}
. confusum {adult 28 da old)
, confusum fadult 35 da old)
. confusum (adult 8 wk old})
confusum (adult 12 wk old)
confusum (adult 16 wk old)
confusum {adult 20 wk old)

. confusum {adult 24 wk old)
abrotes subfasciatus (adult 29 )
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2816
2816
2603

2603

2603

2603

2816
2816
2816
1013
1013
1798
2008
2008
2008
2008
2009
2009
2009
2009
2009
2009
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
3013
2817

Route Dose Dosage Remarks
{mg/l)
fumig LC, 43.0 Exposure 24 hrs, 80°F, 5.5 in below surface of wheat, 2009
fumig LC, 26  Exposure 5 hrs, 25°C, empty flask.
fumig LCgy 40  Exposure % hrs, 25°C, empty flask,
fumig L1C, .l02ce/ Exposure 24 hrs, 30°C, in 5 Ib lots shelled corn.
51b corn
fumig LC, .12% g/ Exposure 24 hrs. 30°C, in 5 1b lots shelled corn.
51b corn
fumig LC, .111 cc/ Exposure 24 hrs. 30°C, in 5 Ib lots shelled corn.
5 1b corn
fumig LCg .104 g/ Exposure 24 hrs. 30°C, in 5 Ib lots shelled corn,
5 lb corn
fumig LCg 28 Exposure 5 hrs, 25°C, empty flask.
fumig LC, 61 Exposure 5 hrs, 26°C, flask fumigation.
fumlg LC, 91 Exposure 5 hrs, 25°C, flask fumigation.
fumig LCy 64 No absorbent present, 25°C, 760 mm Hg.
fumig LCg, 147  In presence of flour, 25°C, 760 mm Hg.
fumig LCg, 55 Exposure b hrs, empty containers.
fumig LCg, 83  Exposure 5 hrs, 25°C, low Rel. Humidity no > 10%,.
fumig  LC, 63  Exposure 5 hrs, 25°C, high Rel, Humidity 50%-70%.
fumig LG, 147 Ezposure 5 hrs, 25°C, low Rel. Humidity no > 10%.
fumig LCg 87 Exposure 5 hrs, 25°C, high Rel.Humidity 50%-70%.
fumig LC, 29.8 Exposure 24 hrs, 80°F, surface of whole wheat.
fumig LCg, 43.0 Exposure 24 hrs, 80°F, surface of whole wheat.
fumig LCg 30.5 Exposure 24 hrs, 80°F,2 in below surface of wheat.
fumig LCy 43.9 Exposure 24 hrs, 80°F,2 in below surface of wheat.
fumig LCg, 34.5 Exposure 24 hrs, 80°F,5.5 in below surface of wheat.
fumig LCy 54.0 Exposure 24 hrs, 80°F,5.5 in below surface of wheat.
fumig LCy 220.6 FExposed at 25°C, R.H. 60%
fumig LCqg 169.1 Exposed at 25°C, R.H. 60%
fumig LCg 146.8 Exposed at 25°C, R.H. 60%
fumig LCy, 95.5 Exposed at 25°C, R.H. 60%
fumig LCy 66.2 Exposed at 25°C, R.H. 60%
fumig LCg 24.5 Exposed at 25°C, R.H. 60%
fumig LCg, 27.0 Exposed at 25°C, R.H. 60%
fumig LC,, 39.6 Exposed at 25°C, R.H. 60%
fumig LCgu 47.3 Exposed at 25°C, R.H. 80%
fumig LCyg, 50.4 Exposed at 25°C, R.H. 60%
fumig LCy 127.7 Exposed at 25°C, R.H. 60%
fumig LCg 119.4 Exposed at 25°C, R.H. 60% Note response
fumig LCg, 178.0 Exposed at 25°C, R.H. 60% at different
fumig LC, 174.0 Exposed at 25°C, R.H. 60% ages of various
fumig LC, 119.4 Exposed at 25°C, R.H. 60% life cycle
fumig LCg, 128.3 Exposed at 25°C, R.H. 60% stages.
fumig LCg 97.6 Exposed at 25°C, R.H. 60%
fumig LG, 108.7 Exposed at 25%, R.H. 60%
fumig  LCg, 90.3 Exposed at 25°C, R.H. 60%
fumig LC, 81.4 Exposed at 25°C, R.H. 60% !
fumig LC, 77.7 Exposed at 25°C, R.H. 60% }
fumig LCy, 78.7 Exposed at 25°C, R.H. 80%
famig  LCy, 74.0 Exposed at 25°C, R.H. 60%
fumig LGy 70.2 Exposed at 25°C, R.H. 60%
fumig  LC,j 68.4 Exposed at 25°C, R.H. 60% ‘
fumig  LCg, 65.0 Exposed at 25°C, R.H. 60% [
fumig LC, 9.3 Exposed at 25°C, R.H. 60% .
fumig  LCg, 20 Exposure 5 hrs, 25°C, empty flask fumigation,

¢) Relative susceptibility to CSg; life cycle stages, in order from most to least susceptible stage:

(1) Ephestia: Adult > larva > pupa.
{2) Tribolium: Larva > adult > pupa > egg.
d) Toxicity of CS: and influence of temperature:

f1) Tribolium confusum (adult), exposed 5 hrs in empty fumigation flasks:

Temperature {°C)

35°
30°
25°
20°
15°
10°

]

2

LCy (mg/1) LCg (mg/1)
32 40
44 68
61 91
76 108
86 140
154 280
140 270

412
2003

2816
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{a) Time, for kill of T. confusum, must be increased 2—3 times if exposure temperature is decreased
from 35°C to 25°C.

{2) Minimum time to obtain 100% kill, Tribolium confusum (adult) at various temperatures: 2096
{a) Dosage: 15 Ibs/1000 ft3.
Temperature (°C) Time for 100% Mortality

35° 30 Minutes

30° 45 Minutes

25° 1.5 Hours

20° 2 Hours

15° 3 Hours

10° 3.5 Hours

5} Pharmacological, physiological and other considerations; insects:

a) For insects, as for higher forms, considered to be neurotoxic as g liposoluble narcotic. Most extensive 353

uptake of the toxicant is by the insect ventral nerve cord.
b) Small amounts of CS; appear to stimulate tracheal ventilation. 3013

(1} Initial exposure of Sitophilus to sub-lethal concentrations increased the susceptibility to toxic effect of
CS; fumigation begun a few minutes later.
¢} Mortality of Tribolium and Sitophilus, exposed to CS is enhanced if the post-treatment holding temperature 3013
is > 25°C.
d) Tribolium confusum, T. castaneum, Sitophilus oryzae are > susceptible to CS; if small amounts of COs are 617
added.

' 6) Miscellaneous data, considerations:
a) Toxicity of CS; used in mixtures of various proportions with other fumigants in whole shelled corn: 2605
(1) Exposure: 24 hrs, at 30°C, in 5 1b lots of corn.

Fumigant Mixture % by Volume Insect Position LC,, LCy
in Corn  f{cc/51bs) (ce/51lhs)
CS, + CCL, 80-20 Tribolium castaneum Bottom  .064 084
Cs, + CCl, 80-20 Tribolium castaneum Top .062 085
Cs, + CCl, 50-50 T. castaneum Top .080 128
CS, + CCl, 50-50 T. castaneum Bottom .06 110
C8, + CCJ, 20-80 T. castaneum Top 129 .202
CS8, + CCl, 20-80 T. castaneum Bottom  .124 182
C8;,1,1-dichloro-1-nitroethane, CCl, 20-0-80 Oryzaephilus surinamensis Top 171 227
C8g,1,1-dichloro- 1-nitroethane, CCl, 20-0-80 0. surinamensis Bottom  .162 L2086
CS,,1,1-dichloro-1-nitroethane, CCly 15-5-80 Q. surinamensis Top 106 133
C8g, 1,1-dichloro-1-nitroethane, CCl, 15-5-80 Q. surinamensis Bottom 104 127
C8s,1,1-dichicro-1-nitroethane, CCl, 10-10-80 Q. surinamensis Top 063 .091
CS8,, 1,1-dichloro-1-nitroethane, CCl, 10-10-80 0. surinamensis Bottom  .062 078
€8, 1,1-dichloro- I-nitroethane, CCL 5-15-80 O. surinamensis Top .038 .059
£28z,1,1-dichloro-1-nitroethane, CCl, 5-15-80 Q surinamensis Bottom 043 061
€8g, 1,1-dichloro-1-nitroethane, CCl, 0-20-80 (). surinamensis Top .030 042
C8g, 1,1-dichloro-1-nitroethane, CCl 0-20-30 Q__ surinamensis Bottom 033 .049
C8;,1,1-dichlore-1-nitroethane, CCly 5-5-90 Tribolium castaneum Top .159 .226
C8y,1,1-dichloro-1-nitroethane, CCl, 5-5-00 T. castaneum Bottom .141 ,206
b) Used as a fumigant vs. Aonidiella {= Chrysomphalus) aurantii, CS, proved only moderately toxic being out- 669
ranked by numerous other fumigants.
¢) Dosages for practical use in fumigation of steel bins to control stored products insects, for exampie Sito- 609
philus granarius, Rhizopertha dominica, Plodia interpunctella, Sitotrage cerealella, etc.
Dosage/ 1000 bushels in Wheat Corn
C3, (alone) 1 1.5
Cs, +ccl, 1:4 2 5 } gallon(s)
d) Uses:
(1) Against stored products insects, most econoraical as 2 20% mixture in CCl,, which is effective at rate 353
of 20 1bs/1000 {12,
(2} Horse bots, Gastrophilas spp: Oral administration (2 ce/100 1bs body wet) kills larvae in intestinal 2980
tract of host.
{3) Useful in outdoor fumigation of ant nests. 2226
{4) Once used o control Melolontha vuigaris, as well as Popilla japonica and the grubs of Lepidoderma in 333
sugar cane. - T T 1295
(5) Used at 10, 8, 6 1bs/1000 {1?, with exposures respectively of 8, 15, 24 hrs, C8, gave 100% kill of all 661

stages of Lasioderma serricorne in tobacco products.
(2) 4 hrs exposure did not yield, even assisted by low pressures, complete kill.
(b) The vapor readity and rapidly left cigars; no change in flavor, aroma,

(6) For various data of screening tests see Ref. 1801,
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CARBON TETRACHLORIDE (Tetrachloromethane; Perchlorome-
thane; Benzinoform)

CCl, Molecular weight: 153.84

GENERAL {Also see the general treatment of Fumigants in this work)
[Refs.: 353, 2815, 757, 1059, 539, 605, 436, 611, 342, 129, 2120, 1689, 2909, 2306]

A fumigant of comparatively low insecticidal activity, but having certain distinct advantages: Non-inflammable, non-
explosive, and absorbed in low quantity by the fumigated product. Low insecticidal potential renders the cost too
high for many purposes. Where long exposures are possible, carbon tetrachloride is used in grain fumigations.
Use is ordinarily limited to small scale fumigations where cost is not a prime object, or where a fire hazard
exists. It finds extensive use as a local, spot fumigant and in admixture with other fumigant insecticides, for in-
stance, carbon disulfide or ethylene dichloride, to reduce fire hazard. Also, it is used to dilute more toxic sub-
stances, for example, methyl bromide or ethylene dibromide, to assist in distribution of these more toxic vapors;
large amounts are used in this manner in grain fumigation. An example of dosages of carbon tetrachloride alone,
and in mixture, in treatment of grain in wooden bins to protect from various stored grain insects follows:

Fumigant Gallons / 1000 Bushels
Small grains sorghums Corn
{Sorghum Excepted)
Carbon tetrachloride 5 8 6
CCl, +C5,4:1 3 3 6
@Cl, + ethylene dichioride 1: 3 8 10 6
CCl, + ethylene dibromide 19 : 1 3 8 6

In combination with acrylonitrile, q.v., in equal parts, carbon tetrachloride has been effective against insects of
stored tobacco in closed storage as a substitute for hydrogen cyanide. It has also found use, in the past, as a
nursery stock fumigant.

In vapor or liquid form, carbon tetrachloride is toxic for man, and higher animals, hoth by inhalation, and skin 3199
absorption. A consiant exposure to more than 100 ppm in air is considered dangerous. In the presence of an
open flame it is converted to phosgene and the hazard of poisoning thereby enhanced.

PHYSICAL, CHEMICAL

Colorless, heavy liguid at room temperatures, not inflammable or explosive; sweetish, chloroform-like odor, 3199
m.p. -23°C; b.p. T6.7°C; 4’ (lquid) 1.589, d72°1.595; vapor density 5.3 (air = 1); n29° 1.4607; v.p. 114.5 mm Hg at 2221
25°C, 159.6 mm Hg at 20°C; vapor saturation in air at 25°C 940 mg/1; practically insoluble in water {icc: 2000 ce,
0.082/100g at 25°C); miscible with most organic solvents, notably: Alcohols, henzene, chloroform, ether, carbon
disulfide, petroleum ether, oils; carbon tetrachloride is a notable lipo-solvent which finds extensive use in dry-
cleaning and elsewhere; lowest concentration detectable by odor = T2 ppm; 1 mg/1= 158.8 ppm, 1 ppm =.0063 me/ L.

a) Maximum weight of carbon tetrachloride which, at various temperatures, can exist in vapor formina 2621

1000 ft* fumigating chamber. CCl, is liguid at 32°C:

Temperature °F Vapor Pressure Lbs/1000 ft* in Vapor Form
32 33 19
59 i)} 38
68 91 48
77 115 29
86 143 73
95 176 88
104 216 106
113 263 127
122 313 149
b) Sorption by and penetration through patent flour of carbon tetrachloride: 3013

(1) Sorption after 5 hrs exposure at 25°C of flour at standard pressure to 200 mg/1 of CCl, surface exposure.
{2} Penetration after 24 ars exposure, standard temperature, pressure.
{(3) CCl, compared with certain other fumigants.

Fumigant B.P.(°C}) Mg Sorbed 5 hrs. Sorption Ratio Nig Passed Through, Penetration Ratio
24 hrs,
Carbon disulfide 46 10.9 1 154.6 1
Methyl Acetate 57.5 68.5 6.3 108.2 N
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29."CARBON TETRACHLORIDE

Fumigant B.P. (°C) Mg Sorbed § hrs. Sorption Ratio Mg Passed Through, Penetration Ratio

_— 24 hrs. T
**Carbon tetrachloride 76.7 14.7 1.3 119.7 .78
Ethylene dichloride 84 41.0 3.8 111.3 T2
Trichloroethylene 87.1 25.6 2.3 95.8 .62
Propylene dichloride 96 34.1 3.1 94.8 .61
Chloropicrin 112 78.3 7.2 65.1 .42
Tetrachloroethylene 120 113.7 10.4 57.6 .37

Formylations: Alone, or in combination, at various proportions, with carbon disuifide, ethylene dichloride, ethyl
acetate, acryloniirile ete,

TOXICOLOGICAL

1) Acute toxicity for higher animals:

2

3

——

a) Maximum allowable concentration for man: 25 ppm; maximum therapeutic dose: 1.5 cc—3 ce {as vermi-
fuge).

b) Threshold limit: 50 ppm.

¢) Maximum tolerated concentration {based on Guinea Pigs) tolerable without serious symptoms: For 1 hr:
60 mg/1; for 8 hrs: 10 mg/l.

d) Probable safe concentration for indefinite exposure: 0.69 mg/1 (100 ppm.)

Animal Route Dose Dosage (mg/k) Remarks
Mouse or 1D, 12,800 Pure substance,
Mouse sc LD 32,000 Death in 24 hrs.
Rat or LD, 7,460 (5730-9770)
Rat ct LD, 6,670 {5070-8780)
Rabbit ar LD 6380-9975
Cat sc LD,, 4785 . .
Dog or LD 4000 Death in 24 hrs.
Dog or LD 25,000
Dog iv MLD 125 In ©il; death in 30 mins.
(mg/1) (ppm)
Mouse inh LG, 99.95% .86 9528 Exposure 7 hrs; death in 8 hrs.
Mouse inh MLC 65-70 10,320-13,160 Exposure 2 hrs,
Rat inh LC,, 150.5 23,900 Exposure 1/2 tr; death in 14 days.
Cat inh LC 90 14,300 Exposure 70 min; death in 1-17 days.
Chronic, sub-acute toxicity, higher animals:

a} In subacute toxicity, due o repeated exposure to carbon tetrachloride, the liver is the primary site of in-
jury. The kidneys also may suffer.

(1) Liver cirrhosis may be produced in experimental animals by repeated exposure.

(2) Severe, macrocytic anemia, partly due to liver damage, partly to direct action on bone marrow, may
arise.

(3) In susceptible strains of mice, experimental hepatoma has been induced with carbon tetrachloride.

(4) Diet and dietary supplements play a role in Susceptibility and resistance to the heptotoxic or nephro-
toxic action of carbon tetrachloride.

{5) Skin irritation, dermatitis, mucous membrane irritation, bronchitis, conjunctivitis may follow exposure
to the vapor, which may be absorbed by the unbroken skin. Hypertension and visual field constriction
are also known.

{6) Constant exposure to 100 ppm is dangerous; exposures of 1 hour to 10,000 ppm (or less) may arouse
symptoms of short duration. Toxic potential enhanced in drunkeness and alcoholism.

(T} Exposure to 100 ppm is permitted by New Jersey; maximum allowable concentration, Massachusetts =
40 ppm. Precautions against inhalation and skin contamination are necessary.

b} Rats and monkeys have lived indefinitely at 100 ppm concentrations; laboratory animals, continuously ex-
posed to 400 ppm, have shown liver and kidney damage. The jaundice, evident ai 200 ppm and indicating
liver injury, is reversed by regeneration when exposure ceases.

Pharmacological, pharmacodynamic, physiological, ete.:

a) Orally taken, carbon tetrachloride is a gastrointestinal irritant which yields warm, burning sensations.
On the skin it is irritant, rubifacient. Irritant action stimulates intestinal peristalsis,

b) On the central nervous system, action is analogous to that of chloroform: 1221,
(1) Irregularly descending depression, first of the higher centers, then the cord, lastly the medulla.
(2) By inhalation, absorption is swift, and central nervous action predominant,
{3) In oral administration, the conceniration in the blood is not encugh for marked central effect and symp-

toms are usually giddiness, drowsiness,

¢} In circulatory effects, carbon tetrachloride resembles chloroform, being toxic to the heart, and depressant
to heart muscle. Central vasomotor depression, if high encugh concentrations reach the blood stream, may
tower the blood pressure.

d) Absorption of inhaled vapor from the respiratory tract oceurs readily.
{1) 1 part in 1000 parts air is the upper limit man may breath safely.
(2) Gastrointestinal absorption is less ready and is affected by numerous variables.
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29. CARBON TETRACHLORIDE

(3) A single oral dose is less toxic than the same quantity in divided doses.
(4) Solvents, for instance alcohol, by enhancing absorption, enhance oral toxicity.

COg, in urine as urea, bicarbonate.
f) Symptoms of acute poisoning:

ingestion poisoning.

lesion may be placed in the category of lower nephron nephrosis.

in caréfully controlled dosage and administration because of its toxicity.

4) Phytotoxicity:

method it proves dangerously toxic.

5} Toxicity for insecis:;

n.b. mg/1 + 16 = 1bs/1000 ft3,

Insect

Cimex lectularius {adult)
Cimex lectularius (adult)

Cimex lectularius (clder nymphs)

Cimex lectularius {eggs)

Dacus dorsalis (naked eggs 23-26 hr old}

Dacus dorsalis (larva, 3rd instar)

Ephestia kuehniella
Sitophilus granarius {adult)
Sitophilus granarius (adult)
Sitophilus granarius (adult)
Sitophilus oryzae {adult)
Sitophilus oryzae {adult)
Sitophilus oryzae {adult}

Sitophilus oryzae (adult)
Sitophilus oryzae (adult)
Sitophilus oryzae (adult)
Tenebrioides mauritanicus

Tenebrioides mauritanicus

Tineola bisselliella
Tribolium castaneum {adult)
Tribolium castaneum {adult)
Tribolium castaneum {adult)
Tribolium confusum {adult)
Tribolium confusum {adult)
Tribolium confusum (adult}

Dacus dorsalis (naked eggs,23-26 hr old)
Dacus dorsalis (naked eggs,23-26 hr old)

Dacus dorsalis (larva 3rd instar)
Dacus dorsalis (larva 3rd instar)

e) In the body, appreciable amounts are metabolized appearing in exhaled air (in radio-isotope studies) as 1221
1221, 1220
(1) Early symptoms of inhalation poisoning referrable to CNS are: Fullness in head, diziness, headache,
stupor, unconsciousness, Progressive depression, medullary paralysis follow on continued exposure.
Myocardial, vasomotor effects foliowed by cardiovascular collapse.
(2) Oral poisoning adds other signs of gastrointestinal origin: Pain, vomiting, nausea, diarrhea.
(3) Apparent recovery from immediate effects does not preclude late toxic signs of acute poisoning—
hepatotoxic, nephrotoxic signs, the latter seeming to predominate in inhalation poisoning, the former in
{4} Hepatic lesions resemble those produced by chloroferm, namely, a diffuse, central necrosis. Renal
g) Therapeutic use is made of carbon tetrachloride as an anthelminthic agent, particularly against hookworm, 1221
1220
a} Does not affect the germination quality of wheat. Not used on the growing plant by direct contact, by which 129
Route Dose Dosage {mg/1} Remarks
Fumig calCyICy, > 50 2622
Fumig LCy, 113 416
Fumig cal.Cy-LCyp > 90 2622
Fumig cal.CpLC, > 50 2622
Fumig LC,, > 167.8 Exposure 2 hrs, 71°-80°F, empty vessel. 255
Fumig LCg, > 167.8 Exposure 2 hrs, 7T1°-80°F, empty vessel. 255
Fumig LCg, 448 416
Fumig LC,, 360  Exposure 5 hrs, 25°C, flask fumigation. 2816
Fumig LCg, 592 416
Fumig  LCg, 85%  Exposure 5 hrs, 25°C, flask fumigation. 2816
Fumig LC,, 160 Exposure 5 hrs, 25°C, flask fumigation. 2816
Fumig LC,, 473 416
Fumig LC,, 64(.04+.002cc/1) Exp. 24 hrs, 30°C, empty
space. 2605
Fumig LCy4 83(.052cc/1) Exp. 24 hrs, 30°C, empty space. 2605
Fumig I.Cgq.gp 104(.065cc/1) Exp. 24 hrs, 30°C, empty space. 2605
Fumig LC, 559 Exposure 5 hrs, 25°C, empty flask. 2816
Fumig LCg, .276ce/51b, .438g/5 Ib Exp. 24 hrs, 30°C, in5 1b
lots of shelled corn, 2603
Fumig LC, .455¢ce/5 1b,.723g/5 Ib Exp. 24 hrs, 30°C, in 5 1b
lots of shelled corn. 2603
Fumig LCg 352 416
Fumig LC,, 137 416
Fumig LC,, 105.5 Exposure 2 hrs, 30°C, 1689
Fumig LCg 209.1 Exposure 2 hrs, 30°C. 1689
Fumig LCg, 185  Exposure 5 hrs, 25°C, flask fumigation. 2816
Fumig  LC,g, 66 Exposure 5 hrs, empty container. 1060
Fumig LC,, 405 2816
{Fumigation with CCl,, Acrylonitrile, 50:50)
Fuamig  LCg 3.7 Exposure 2 hrs, 71-80°F, empty vessel. 255
Fumig LCy 11 Exposure 2 hrs, 71-80°F, empty vessel. 255
Fumig LCg 1.7 Exposure 2 hrs, 71-80°F, empty vessel. 255
Fumig LC, 4.9 Exposure 2 hrs, 71-80°F, empty vessel, 255
2816

a) Temperature and toxicity of CCl, to Tribolium confusum (adult):
{1) Exposure 5 hrs, 25°C, empty flask fumigation:

Temperature (°C)

35
30
25
20
15
10

5

LCye (mg/1)

(6}
125
185
225
230
250

LCg (mg/1)
225
490
405
564
5889
535

Incomplete Kill, <50%
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b) Fumigation of Tribolium confusum and Sitophilus granarius, exposed at the surface and at various depths 2009
in whole wheat grain: Exposure 24 hrs, 80°F, in 28 | cans, 14.5 in high, 12.5 in diameter, containing 30 1bs
whole wheat at a depth of 8 inches with 8.25 in free space above;

Fumigant Depth in grain (in) T. confusum 8. granarius
L% (mg/n L LCx (nye/1) Lom
Carbon tetrachloride Burface 55.0 110 93 230
Carbon tetrachloride 2 55.0 110 0 210
Carbon tetrachloride 5.5 55.0 90 90 200
CCl, + acrylonitrile 1:1 Surface 11 18 5 5.8
CCl, + acrylonitrile 1:1 2 i2.5 21 10 19
CCl, + acrylonitrile 1:1 5.5 2.2 36 12 19
CCl, + ethylene chlorobromide 95:5 Surface 27.9 52 30 80
CCl, + ethylene chlorobromide 95:5 2 28.2 51.8 40 85
" " 1 5.5 32 68.1 52 94
" " 90:10 Surface 18.1 38.3 26 50
" " " 2 20 521 30 64
" " " 5.5 33.9 77 43 80
CCl, + ethylene dibromide 95:5 Surface 28.7 42 25.8 47.2
2 31 38 a7 69
5.5 42.7 70 44.2 >113.9
CCL, + ethylene dichloride 1:3 Burface 21.1 47 63 > 160
2 28.1 56.7 72.8 > 190
5.5 29.8 59.5 81.5 > 190

(1) Dosages of CCl,, and CCl,; in combination with other fumigants, required for 95% mortality at the least 2009
effective level in wheat (5.5 inches) exposed 24 hrs, 80°F, conditions as in “b’’ above. Tribolium con-
fusum (adult), test insect:

Fumigant Mg/1 For cc/1/2 Bushel Wheat Remarks
L&,s_ for LCﬁ
CCl, 1190 1.80 Least effective at surface of wheat.
CCl,, acrylonitrile 1:1 36 .04
CCl, 25%, ethylene chloride 75% 59.5 1.25
CCl, 95%, ethylene chlorobromide 5% 68.1 1.3
CClL, 95%, ethylene dibromide 5% 70.0 1.2
CCl, 90%, ethylene chlorobromide 109 7 1.35
¢) Toxicity of CCl, alone, and with other fumigants, for various insects exposed in 5 1b lots of shelled corn 2605
at various depths in the container; temperature 30°C:
Fumigant Insect Exposure (hrs) Position LCizce/5Ibs corn~LC g
ccl, Sitophilus oryzae P! Top 0171 0.229
" i " 24 Bottom .160 .236
" Tribolium castaneum 24 Top .136 174
" " " 24 Bottom .129 .164
" " " 72 Top .204 .298
" " " 72 Bottom 178 .280
" " " 168 Top 165 .199
" " " 168 Bottom 187 .193
" Oryzaephilus surinamensis 24 Top .150 .214
" " " 24 Bottom 136 .191
CCl,, ethylene dichloride T. castaneum 24 Top .247 370
(standard mixture) " 24 Bottom 250 .316
CCl, + CS8,20%:80% v/v T. castaneum 24 Top .062 .085
" " " 24 Bottom 064 084
50%:50% 24 Top .080 .129
" " " 24 Bottom 076 .110
t1 80%:20%, " 24 Top .129 L2022
t r " 24 Bottom 124 .182

CCls,1,1-dichtoro-1-nitro-
ethane, 8-methylallyl chloride
90%:5%:5% v/ v 7

" 1t L3 ]

Top 124 174
Bottom 119 147

d} Fumigation of certain fumigant resistant insects (Tineola bisselliella, Attagenus piceus, Anthrenus vorax) 2670
with CCl, in combination with several other fumigants. Conditions: 500 ft® fumigation vault, 24 hrs ex-
posure, insects buried in vials in ‘‘overstuffed furniture’’. Amount {lowest) yielding 100% kill in 24 hrs.
exposure:

R




160 23. CARBON TETRACHLORIDE
Substance Parts By Volume Substance Parts By Volume Temp. (°F) Lbs/1000f® for 100% Kill
(alone) 1 Ethylene dichloride 3 85 6
CCl, 85 30
" 1 Ethylene dichloride 3 65 12
" 7 tert-Butyl chloride 3 83 12
" 3 Ethyl iodide 1 85 5
" 7 tert-Butyl alcohol 3 85 20
" 7 n-Propyl formate 3 85 11
" 3 Isopropyl formate 1 85 14
" 3 sec-Butyl formate 2 85 8
" 3 Isobutyl formate 2 85 9
" 3 Isoamyl formate 2 85 7
" 3 Isopropyl acetate 3 83 15
" b Diethyl carbonate 1 83 > 30
e) Dosages of CCl, and CCl, in combination with other fumigants for use in fumigation of steel bins against 609
such stored products insects as Sitophilus oryzae, 5. granarius, Rhizopertha dominica, Plodia interpunct-
e_ll_z_t, Sitotrage cerealella, etc.: -
Material Gals/ 1000 Bu Wheat Gals/ 1000 Bu Corn
CCl, 3 4
CCl, + CS; 4:1 2 5
Chloropicrin 2 1b + CCl, to make 1 gal 1.5 1
CCl, + ethylene dichloride 1:3 4 5
1,1-Dichloro-1-nitroethane 2 Ib + CCl, to make 1 gal 1.5 1
B-Methylallyl chloride 1 1b + " " mon o 2 2
CCl, + ethylene dichloride 1:3 + 10% methyl bromide 2 2
CCl; + methyl bromide 9:1 2 2
CCl, + propylene chloride 1:3 + 10% methyl bromide 2 2
(1) Carbon tetrachloride should not be used at temperatures < 24°C, 75°F, 1689
{2) In combination with methyl bromide, methyl formate, ethylene dichloride CCl, tends toc reduce the 1689

toxicity of these various fumigants to values below the level cbserved when they are used alone,

(3) Not nearly as effective a fumigant as C3, larger quantities being required at much greater cost. How- 2816
ever, CCl, overcomes the fire hazard which attends use of CS;.

(4) Used in box car fumigation vs. rice weevil, flour weevil, granary weevil, Indian meal moth at 45 lbs 129
per 1000 it?; at 85°F, complete kill of these insects may be had with 6 lbs per 1000 {t3.

(5) The concentration of CCl, required to give 100% mortality of a ‘‘population’ of Sitophilus granarius, 52.4 2671
lbs per 1000 ft? is near the limit which can exist in form of CCl, vapor (59.1 lb at 25°C) in a 1000 ft?
fumigation chamber.

(6) Unsatisfactory as a fumigant vs. Lasioderma serricorne in stored cigars. 661
f) Minimum time for obtaining 100% mortality of Tribolium confusum, exposed to CCly at 20 lbs/1000 ft* 2996
at various temperatures.
°C Minimum Time for 100% Kill {Hrs)
35 1.5
30 3.25
25 7
20 cal2
g) Comparison of LCy,, LCy, values (Tribolium castaneum) of CCl,, and other extensively used fumigants. 786
Exposures 2 hrs, at 30°C, flask fumigation:
Fumigant LC,o LCy
CCl, 105.5 208.1
Methyl bromide 14.0 17.5
Methyl formate 28.0 43.4
Ethylene dichloride 95.5 149.5
6) Pharmacological, pharmacodynamic, physiological considerations: Insects:
a) Acts, in insects, as a narcotic, lipophilic, liposoluble, neurotoxic toxicant. 353
(1) Narcosis is achieved after an initial phase of excitation, which is followed by paralysis and finally
death.
b} Ephestia kuehniella larvae, exposed to CCl,, reveal a sudden increase of heart pulsation as a prelude to a 353
steady, progressive, deceleration of the heart.
¢) CCl,, in the insect body, penetrates and concentrates almost exclusively in the ventral nerve cord. 2601
d} Mortality of insects, exposed to CCl,, is enhanced if the insects are held, post-fumigation, at temperatures 3013

> 25°C, but within physiological range.

For screening data, trials against various insects, consult Ref, 1801,
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CHLORDANIE} (1, 2, 4, 5, 6, 7, 8, 8-Octachloro-2, 3, 3a, 4, 7, Ta-
hexahydro-4,7-methanoindene; 1, 2, 4, 5, 6, 7, 8, 8-
Octachloro-4, 7T-methane-3a, 4, 7, 7a-tetrahydro-
indane; Velsicol 1068; CD-68; Octa-kior. Octa-
chlorodihydrodicyclopentadiene.)

CpHs ClL, Molecular weight: 409.828

GENERAL Refs.: [3563, 2231, 1953, 2815, 1756, 1757, 1988, 2640, 2630, 1395, 379, 89, 3150,
1087, 1950, 3159]

An insecticide of the cyclodiene group which also contains heptachlor, aldrin, dieldrin, isodrin, endrin, toxaphene
q.v., characterized as cyclic hydrocarbons, highly chlorinated and with an endomethylene bridged structure. Pro-
duced (save toxaphene) by the Diels-Alder diene reaction. Chlordane, and its closely related compounds mentioned
above, has found an extensive application as an agricultural and household insecticide, particularly in control of
locusts, grasshoppers, crickets, soil insects, insects predatory on cotton, cockroaches, flies, etc. Toxic by mouth,

skin inhalation; precautions necessary. Persistent stomach, contact poison for most insects with marked residual
toxicity.

PHYSICAL, CHEMICAL [Refs.: 2231, 1953, 129, 2090, 2089, 3014, 3195, 353, 89, 2304, 642, 3150, 3199]

1} Formed by reaction of hexachlorocyclopentadiene with cyclopentadiene —— hexachlorodicyclopentadiene
{chlordene) which is then chlorinated to contain 68%-69% chlorine, as indicated by the empirical formula given
abeve., The technical product is a viscous, amber liguid of aromatic cedar-like odor; the refined substance
is a yellowish liquid; b.p. {tech.) 175°C at 2 mm Hg; d,, 1.59-1.63; n%“ 1.56-1.57; v.p. (refined) 1 X 1075 mm
Hg at 25°C; insoluble in water; miscible with aliphatic and aromatic hydrocarbons, esters, ketones, ethers, and
most organic solvents, including petreoleum oils; for example deodorized kerosene; viscosity, 89 poises at 25°C,
decreased by heating to 120-140°F, at which temperature chlordane may be sprayed directly; dechlorinated by
alkalis to yield non-ioxic products by loss of hydrogen chloride, the reaction being catalysed by iron in traces;
incompatible with any alkaline solvent, diluent, carrier, emulsifier,

2) The technical product is a mixture of various isomers, of varying physiological activity, but chromatographic-
ally separable. Among these constituents the folowing are described:
a) a-Chlordane, cis-2, 3, 4, 5, 6, 7, 8, 8-octachloro-2, 3, 3a, 4, 7, Ta-hexahydro-4, T-methanoindene, m.p.
102-104°C, inert in 0.04 Methanol-NaOH;
b) p-Chlordane, trans-2, 3, 4, 5, 6, 7, 8, 8-octachloro-2, 3, 3a, 4, 7, 7a-hexahydro-4, 7-methancindene, m.p.
104-106°C, ready dechlorination in 0,04 Methanol-NaQH;
¢) 1, {or 3a,) 4, 5, 6, 7, 8, §-Heptachloro-3a, 4, 7, Ta-tetrahydro-4, T-methancindene or Heptachlor m.p. 92°-
94°C, stable in 0.04 Methanol-NaOH;
d) 4, 5, 6,7, 8, B-Hexachloro-3a, 4, 7, Ta-tetrahydro-4, 7-methanoindene or Hexachlor, m.p. 154°C (with de-
composition);
e) 1, {or 3a,) 2, 3, 4, 5, 6, 7, 8, 8-Enneachloro-2, 3, 3a, 4, 7, Ta-hexahydro-4, T-methancindene, Trichlor 237,
Enneachlor, m.p. 122-123°C, very unstable, reactive in 0.04M ethanol-NaOQH.
(1) All the foregoing are white, crystalline solids, the first two (a, b) being chromatographically separable
on aluminum oxide.
(2} Heptachlor, 2 times as toxic as tech. chlordane for higher animals, is 4-5 times more insecticidal than
tech. chlordane.
(3) trans-chlordane (g-chiordane) is 10 times more toxic than cis-chlordane (@-chlordane), but somewhat
less insecticidal than Heptachlor.
£} The following have been separated, according to several workers:
(1) C,H,.Cl, m.p. 92-93°C (Heptachlor?)
{2) o-C, H,CL m.p. 106.5-108°C (105.5-106.5°C)
{3} B-CLH.Cl, m.p. 104.5-106°C (102-103.5°C)
(4) a-C,H Cl, m.p. 143-144°C
(5} B-C,H; CL, m.p. 86°C (Heptachlor?)
(6) ¥-C,H; Cl, m.p. 102°C
(7} 7-C,H,Cl, m.p. 141-141.5°C
(8) C,HE; Cly m.p. 209-211°C
g} Five isomers of C H, Cl; have been claimed (m.p. 101-103°C, 102-104°C, 81-84°C, 137-139°C, 73°C},

161
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3) Formulations:

2-20% in kerosene), low to high percentage dusts (e.g. 40-70
Refined and agricultural, Agricultural grade used where sur
household insect control; both es®entially equal in insecticidal capacity. All formulations are required to
carry a label of caution with details appropriate to the particular formulation as prescribed in Ref, 3150.

TOXICOLOGICAL

30. CHLORDAN(E}

As wettable powders, emulsifiable concentrates (e.g. 25-72% emulsion bases), oil solutions (e.g.

1) Acute toxicity for higher animals:

Animal Route Dose  Dosage (mg/k) Remarks
Mouse or LD, 430

Rat or LD, 200-250 Given in olive oil.

Rat or LDg 250

Rat or LD, 500

Rat or LDy, 750

Rat or LDy, 470

Rat or LD, 550 Given in cottonseed oil.
Rat or LDy, 500 +

Rat ar? MLD 150

Rat or LDy, 457-590 As technical chlordane.
Rat or LDy, 700 As a-chlordane.

Rat ct LD 50 As a daily dose for 4 days.
Rat ip LD, 200 In olive oil.

Rabbit or 1Dg, 300 In olive oil.

Rabbit or LDy, 100 In Tween 20.

Rabbit ct 1D, <780 Single dose in dry form.
Rabbit ct LDg, 20-40 Repeated, daily exposure.
Rabhbit ip LD, 150-225

Rabbit iv LD,, 20 In Tween 20.

Rabbit iv LDy, 20-40

Goat or LD, 180

Sheep or LDy, 500-1000

Sheep or Toxic 80

Animals or LD, 80-700

Bass (fingerling) medium Toxic 0.2 ppm Dust.

Bluegill (fingerling)medium Toxic 0.2 ppm Dust.

Trout (larva) medium Disabling 5.0 ppm. Emulsion.

Trout (larva) medium Disabling 30.0 ppm Acetone solution.

Fish (most) medium LC 1 1b/acre Dust.

Fish {most) medium  Survived 0.5 Ib/acre Dust.

a) For man, the MLD has been estimated at between 6-60g. Cal00 mg/k has resulted in death of the

human adult.

2) Cumulative, chronic toxicity; higher animals:

% dusts), and as technical chiordane in two grades:
face staining is no problem, refined grade for

3307,
89,

a) The liver damage, noted in animals on dieis containing chlordane at 2.5 ppm, indicates a toxicity too great
to warrant its use on food crops for man or animals.

b} Hazardeus to wildlife, notably to fish.
¢} Toxic hazard at least 4 times greater than for DDT. o -Chlordane is < toxic than tech. chlordane;

at 5 ppm in diet of rats showed no efiect; at 150 ppm: Liver damage,
d) Cumulative oral toxicity induced in short duration experiments:

Rat: 25 mg/k/day for 15 days showed no toxic signs.

Rat: 50 mg/k/day aiter 9 days showed death of 80% of subjects.

Rat: 75 mg/k weekly dose brought death in 4 months.

Rat: 10 mg/k daily dose showed survival for 4 months.

Rabbit: 1.7 mg/k, 42 doses over 58 days yielded no toxic signs.

Dog: 5 mg/k/day, for 32-72 weeks, yielded no deaths; some liver histopathology.
Dog: 660, 600 ppm in diet brought death within weeks.

Dog: 250 ppm in diet yielded gross signs of intoxication within 4 weeks.

e) Chronic toxicity; dietary experiments of long duration:

Rat:
Rat:
Rat:
Rat:
Rat:
Rat:
Rat:
Dog:

150 ppm, or less, 2 yr exposure: Mortality unaffected.

300 ppm, or more, 2 yr exposure: Increase of mortality above normal.
Threshold for growth inhibition: 300 ppm.

Threshold for liver enlargement (increased liver wgt.): 150 ppm.
Liver damage increasing in severity from 30 ppm and above.

Zone of no significant liver change: Below 50 ppm.

Kidney degenerative changes from 75-100 ppm and above.

Chronic toxicity detectable on diets with 5 ppm or above, exposures of 15-18 months.

f) Dermal toxicity:
{1) Absorbable via the unbroken skin; irritating to the skin.
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{2) Plant workers (in chlordane manufacture}, exposed to contact for several years, showed no overt 2548,
intoxication, no allergic response.

(3) Single dose dangerous to man: 113 g; multiple dose: 2.4 g/day.

{4) Rat: Survived 25 mg/k/day for 65 days; at 50 mg/k/day for 65 days, 40% of subjects died.

{3) Use of 1-1.5 gallon 2% emulsifiable concentrate on cattle every other week for 24 weeks led to no appar-
ent injury.

(8) Twice daily spraying of horses with 1.5% chlordane gave no toxic effect.

{7) Four successive sprays, or §-8 dips, in 1.5-2% emulsions, suspensions, fatal to goats, sheep, cattle;
goats, cattle: Death within 2 days, sheep: Within 2 weeks,

{8) Farm animals: 6 sprays of 1.5% chlordane, given 8 times at 4 day intervals, led to liver necrosis.

{9) Repeated cutaneous dosage, as low as 40 mg/k, is dangerous, Cattle tolerate 1-2 treatments 29 sprays,
dips, at 2 week intervals, but may be killed by 3 treatments. Calves may occasionally be killed by 1%
sprays. Relatively safe as to acute toxicity, hazardous in chronic effect,

g) Toxicity of chlordane vapors:

{I) Righ vapor toxicity for mice reported,
pentadine and apparently confirmed.

(2) Mice: Survived 25 days continuous exposure to vapor from a saturation train.

{3) Rats: Exposed 8 hrs/day for 7 days to saturation train vapor, gave no toxic symptoms.

{4) Rabbits, Guinea pigs, rats, mice, chickens, in room fogged with 7% chlordane: No injury.

(5} Pigeons, chickens, in poorly ventilated box treated at rate of 1000 mg/ft® for 30-60 days, showed no
overt injury.

——

Ascribed by some to presence of unreacted hexachlorocyclo-

h} Toxicity of chlordane for man; two cases of fatal poisoning: 770,
{a) Patient I, ? 23 yrs: Dermal absorption by spilling over clothing unknown amount of g suspension (25 lbs
chlordane, 26 lbs DDT, 39 lbs Velsicol AR 50, 10 lbs Triton).
(1) Within 40 minutes: Confusion, generalized tonvulsions; dead on arrival, shortly afterward, at medi-
cal oifice,
(2} Non-specific changes in brain, kidneys, lungs: Lungs, kidneys showed congestion, hemorrhage;
brain showed congestion, edema, petechiae; liver was pale; stomach mucosa showed congestion.
(b) patient II, 9 32 yrs: With suicidal intent by mouth 1/2 of 8 oz glass full of Toxichlor dust (5% chlordane,
95% talc), estimated to contain 8g chlordane (< 164 mg/k body wgt), with water,
{1) Toxic dose taken at 8 P.M. (Nov. 19)
{2) At 10:30 P.M.: Vomit with blood, followed by coughing, hoarseness.
(3) Hospital admission noon of following day: Apprehensive, agitated, mouth very sore, breathing noisy,
moist rales, gray exudate over gums, mouth, pharynx, tonsils, uvula, tongue, red; patient anuric.
{4) November 21: Increased bain, mouth, throat, epigastrium.
{5) November 22 Continued pain; intense anxiety; bloody stool.
(6) November 23: Palmar erythema; restlessness.
{7) November 24: Speech incoherent, irrational.
(8) November 26: Vomiting, diarrhoea; diffuse bronchopneamonia.
(9) November 27: Increasing agitation.

(10} November 28: Moaning, continuous shouting, crying; pronounced fall in blood pressure at midnight;
muscle twitching; at 2:15 A.M. (November 29): Tonic, clonie, convulsions {generalized) for 10 min-
utes; sherter convulsions until death at 8:30 AM. ca. 91/2 days after toxic dose, with supportive,
symptomatic treatment throughout.

(11) Pathology: Conjunctival hemorrhage, gum uiceration, epiglottis ulcerated. Lungs: Thin exudate,
bronchopneumonia; Heart: Ventricles dilated, myocardium flabby; brain: No gross abnormalities:
liver: Congested areas; spleen: Malpighian corpuscles indistinct; kidneys: Pale, flabby; cortex
pale, swollen; pyramids red, congested. Microscopic: Myocardium petechial, congested; kidneys:
Heme casts in distal collecting tubules of nephrons; brain: Gliosis in basal ganglia.

(c} Summary of certain human poisonings involving chlordane:
Circumstance Exposure Route Exposed To Dose Results

Agriculture:
Exterminator Inhalation, ct Spray —_ Recovered.
Unspecified Inhalation, ot Spray — Recovered,
Nurseryman Inhalation, ct ? —_ Recovered.
Field worker Inhalation, ct. Spray —_ Recovered.
Industry:
Formulator ct Chlordane-DDT

solution > 100 cc Death.
Home:
Adult o Inhalation, ct Spray — Mild poisoning.
Adult ? (suicide) or 5% Powder ca 104 mg/k Death.
Adalt o or O] solution 60 cc Moderate poisoning,
Student 18 yr old Inhalation 3% Spray -— Death.
Student 18 yr old or 40% 0il solution 32 mg/k Severe poisoning.
Child 3 yr old or 2% Solution 30-40 mg/k Severe poisocning,
Infant 10 mo ct 2% Spray “small amt”® Mild poisoning,
Child 15 mo or 50% Wettable pwdr 10 mg/k Severe poisoning.
Adult & or 2% 0il solution 2-4 ¢ Death.
Adult & ct 2% 0il solution 500 cc Death.
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30. CHLORDAN(E)

Pharmacological, pharmacodynamic, physiological, biochemical, etc.:

a) Pharmacological characterization handicapped because commercial product is not a chemical entity, but a
variable mixture of chlorinated hydrocarbons.

{1) One of the more hazardous common insecticides, with definite residual properties despite a relatively
high vapor pressure.

{2) Readily absorbed by the skin, and other portals—gastrointestinal, respiratory.

{3) More toxic, dermally, than DDT; lipophilic, and easily absorbed, neat or in solution. Dry formulations
do not minimize the skin hazard, the substance being an oily liquid. Irritant to skin. Wettable powders
have relatively hkigh toxicity and hazards of repeated exposure impose caution on use in waxes, polishes,
ete,

(4) Too toxic for formulation as a louse powder for man. Least acceptable insecticide for farm animal dips,
the margin of safety between pest control and animal toxicity being too narrow, May be absorbed from
any type of formulation, although physical state and nature of solvent may influence rate of absorption.

b) A central nervous stimulant; the exact mode of action is unknown. Poisoned animals show marked loss of
appetite at same time as neurological symptoms, namely: Hyperexcitability and tremors.

¢) Distribution in the tissues obscure. There is evidence of fat storage, but disappearance is rapid after ex-
posure is ended. May be stored as an epoxide,

(1) Acidic, chlorine-containing products (isolated from rabbit urine) suggest metabolic detoxification.

{2) A subsiance, toxic to young rats, is secreted by lactating rats fed 150 ppm chlordane in diet.

d) Symptoms are DDT-like, but of longer duration with chlordane, and are referrable to the CNS, for instance
irritability, salivation, tremors, convulsions, Sodium amytal partly controls. 3229,
(1) In rats: Anorexia, hyperexcitability, tremors.

(2) Tn cattle: Ataxia, blindness (peculiar to chlordane, absent in DDT intoxication) pain, convalsions (with
opisthotonus and prolonged limb paddling) cyanosis leading, in fatal cases, to apgonized death,

(3) In man: (See preceding account of 2 human fatalities). Nausea, vomiting, diarrhea, abdominal pain
foral, toxic doses). Blurred vision, cough, ataxia, confusion, delirium, mania noted following inhalation,
skin absorption of toxic amounts. Acute signs as early as 45 minutes after ingestion; death possible
within 24 hrs, frequent between 48-96 hrs, but may be long delayed (9 1/2 days in one case) following a
single oral dose.

(4) Chronic_intoxication may be marked by anorexia, weight loss, skin irritation, liver damage, protracted
inanition. Albuminuria, before death, may be the only objective sign of cumulative intoxication; distarb-
ances of CNS, especially the optic nerve.

{(5) Chlordane feeding to dogs: Chlordane as wettable powder 50% active ingredient;

Dosage {mg/k)  Total given Estimated Total Sex Result
active (mg) active ingred. {ing)
200 7724.0 3862 o Clonic spasms in 12 hrs.
225 5831.1 2065.2 ¢ No effect.
250 5110.0 2555 ¢ Slowed respiration.
00 11586.0 5793 ¢ Clonic spasms, tremors in 4 hrs.
400 10544.0 5272 9 Tremors, salivation convulsions, blind.
500 10220.0 5110 ? Tremors, convulsions, prostration.
700 6356.0 3178 o No effect.

Chlordane feeding to sheep:

Sheep 178 lb wgt 2 g/k chlordane showed severe respiratory, nervous symptoms in 16 hrs; death in 48 hrs.

Sheep 123 1b wgt 1 g/k chlordane showed severe respiratory, nervous symptoms in 16 hrs; death in 48 hrs.

Sheep 103 b wgt 0.5 g/k chlordane showed incoordination, nervousness, partial blindness; recovery in

5-6 days.
e) Pathology:

1) Pathclogy is entirely non-specific. Chronically-poiscned animals show degenerative liver and kidney
changes. Pathology, in man, resembles that in poiscned animals (‘_’ifif supra account of two fatal human
cases). I

(2) In rat: Edema, congestion, hemorrhage of lungs; pitting of kidneys; liver necrosis. 1949,

{3) In caitle, other livestock: Petechial hemorrhages, large and small, of intestines, heart and elsewhere;
congestion of brain and cord; swelling and fatty degeneration of liver (suggestive of chloroform, organic
chlorides, damage).

Residue hazard:
a) Volatility of chlordane tends to minimize the hazard, which, in two weeks after application, becomes
negligible.
(1) Applied, at 1 Ib/acre, to alfalfa residue declined from 18 to 3 ppm in 15 days.
(2) Applied, at 2.5 lbs/acre, to alialfa residue declined from 24 to 2 ppm in 30 days.
{(3) Clover, treated at rate of 1 Ib/acre, showed no harmful effect when fed to ewes, lambs; alfaifa, treated
at 1 1b/acre, no harm to yearling heifers; pasture, treated at 4 lbs/acre, no harm to sheep grazed
thereon for 3 weeks.

Phytotoxicity:

a) Not markedly phytotoxic at properly applied insecticidal concentrations, but may injure some plants at
high strength.

b) Accumulates in the soil on repeated application at normal levels (6-10 lbs/acre). A more hazardous 294,
soil contaminant than toxaphene.
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165
{1) Stable in the soil, fungicidal. Depresses seed germination, 129, 663
c) Not toxic to apple foliage; may injure spring leaves of cherry, plum, peach. 0.1% suspension yielded 1606, 482
defoliation, bud injury, possible fruit damage to plum. Dusts may do transient damage to some squash 1769
varieties. Tomato transplants may be “burned”’, the danger being enhanced by dew.
d) Greenhouse plants;
(1) Leaf fall in Abutilon; damage to Poinsettia. 835
€) At 10 Ibs per acre: No effect on cereals, vegetables, soybeans, annusl flowering ornamentals, grasses. 1023
Seedling growth, however, may be retarded withouat apparent pathology. 663
f) At 20 lbs/acre: Harmless to tobacco, cotton, soybean, cowpeas, corn, rye; at 25 lbs/acre: Harmless to wide 294
variety of grasses, but 40-80 lbs/acre may temporarily damage lawns and at 200 Ibs per acre (greenhouse 2778
tests) is more toxic to sorghum than to most other grasses, At 100 lbs per acre, turf plants, e.g. clover,
bent grasses, were damaged.
g) At 25 Ibs/acre: Lima beans showed stunting, ehlorosis. 2304
h) At 20-25 lbs/acre: Has injured the germination of beans, beets, tomatoes, cucurbits, and 100 lbs per acre 294
does serious damage; many vegetables tolerated 20 lbs per acre. Lima bean, corn, cabbage family germin-
ation unaffected by 100 Ibs per acre. Five lbs per acre injured growth of sensitive squash varieties, others
stood 25 1bs per acre. After emergence from soil some vegetables are harmed by 20 lbs per acre, others
stand 100 lbs/acre. Cucumbers, muskmelons, honey dew melons, squash, are in general highly sensitive.
i) At 50 1bs per acre, applied to soil, germination of tobacco was completely suppressed; cabbage, lettuce, 1769
tomato unaffected.
i) At 100-500 ibs per acre nitrate formation r soil microorganisms was depressed. 15-20% of heavy dosages 294
applied to soil disappear per year.
k) Not phytotoxic to 20 species of conifers, in dosages to 100 lbs pe_ acre. Does not harm Norway pine seed- 2838
lings in sand culture,
6) Toxicity for insects:
Insect Route Dose Dosage Remarks
Agrotis orthogonia (larva) Contact L Deposity, 18 pgiem? 350
Anopheles quadrimacuiatus (aduit) & Topical LD, 0.105 ;g/insect  In ethanel solution; 4 day old adults. 2051
Anopheles quadrimaculatas (adult) § Topical LD, 0.24 pgfinsect " " " 2051
Anopheles quadrimaculatds (adult) & Topical LDy 0.19 pg/insect " " " 051
Anopheles quadrimaculatus {adult) @ Tapical LDy, 0.46 ug/imsect " " " 2051
Anthonomus grandis {adult) Contact, or LD, 10.1 1b/acre Insects on dusted food plants. 2276
Anthenomus grandis {adult) Fumig LC,, 21 mg/l 2976
Apis melhifera (adult) or LD, 1.2 pg/insect 910
Anasa (ristis (adult) Topical approx LD, 72 hr 512 LE'E 3376
Blabera fusca inj MLD <7 days 8 pgig In zcetone-triton selution, 1986
Blabera fusca inj Maximum Tolerated 14 pg/g i " 1986
Blattella germanies Direct Spray L Deposit,, 1.7 pgsem® 356
B. germanica Direct Dust L Deposit, 2.0 pgiem® 356
B. germanica Environment Dusted L Deposit,, 0.6 ug/em® 356
B. germanica (adult) @ Topical LD, 48 hr 2.3 pg/insect Non-R, laboratory strain. 1812
B. germanica (adult) @ Topical LD, 48 hr 4.1 yg/insect  DDT-R strain. 1012
B. germanica (adult) ¢ Topical LD, 48 hr 250.0 jg/insect Chlordane-R struin. 1012
B. germanica (aduli) § inj LDy, 81,29 ug/g Non-R, laboratory sirain, 431
B. germanica fadult} @ inj LD, 14427 /g w 1 431
B. germanica {adult} ¢ nj LD, 1117.5 peg/g Chlordane-F {Corpus Christi) strain, 431
B. germanics {adult) ¢ inj LDy, 4648.8 ,518/(2;: e " " 431
Choristoneura fumiferana {larvs) Contact L Deposit,, 110 agiem 350
Chrysops discalis {adult) Teopical LD,, {estimate) 0.06 mg/fly 2707
Chrysops discalis (adult} Topical LDy, 0.65 mg/fiy 2707
Ephestia kuehmella (larva) Medium LC,, 36 ppm Mixed with whole grain. 353
Melanoplus differentialis Topical LD, 9.8, 16.3 ME'g In solution, dioxane, acetone, ethanol. 3266
M. differentiaiis or LD, 120, 21.8 pg‘e  As deposit on leaves. 3266
M. differentialis (1st, 2nd instar) Contact Spray LCs 0.49 Ib/acre Emulsion from miscible concentrate. 1102
Melolontha melolontha Contact LDy 5 da 9 pg/insect 1184
Melolontha melolontha Cantact LDg 5 da 20 pg/insect 3184
Musca domestica (larva) Medium LC,, 28 pom Incorporated in rearing medium. 351
Musca domestica {larva) Medium LG, ca 13 mg/k mediur  Laboratory tests. 1326
Musca domestica {larva) Medium LC,s 2 mg/k medium " 1326
Musca domestica (larva) Medium LC, 1450 {1100-1900) 95% confidence limit; as measured by pupal
Ppm emergence, 66
Musca domestica (adult) Topical LD, 4.0 pgleg Technical chlordane. 2231
Musca domestica, (adult) Topical ED,, 24 hr 0.12 g/ fly At 80°F; laboratory non-R strain, 371
Musca domestica (adult} Contact Spray LC,, 24 hr 0.25 ng/ee Turntable method; 0 KD in 10 min. 2033
Musca domestica (aduit) Vapor LTse* 33 minutes Non-DDT R strain; *=time for 50% kill at vapor
saturation, 3320
Musca domestica {adult) Vapor LT,,* 659 minutes DDT-R, Orlando #1 strain; *=time for 50% kill 3320
at vaper saturation.
Musca domestica (adult) Vapor LTg,* 347 minutes LDD strain; *=time for 50% kill at vapor saturation. 2220
Musca domestica {adult} Vapor LT.,* 380 minutes Ballard strair., " " 330
Oncopeltus fascialug Topical LDy, 145 pg{g Technical chlordane. 2231
Oncopeltus fasciatus Topical LDsy 459 up'g @ -Chlordane. 2231
Oncopeltus Tasciatus Topical LD,, 47 ug'g g -Chlordane. 2231
Periplancta americana Taopical LD, 10 pe/g Technical chlordane. 1757
Periplaneta americana (adult) & inj LD,, 96 hr 26 ug'g Solution in xylene 10 pts, acetone 10 pts, ethanol
) 9 pts, deobase 75 pts. 558
Periplaneta americans {adult) ¢ inj LDy, 96 hr 52 ngfe n " " 558
Prodenia eridania (arva, 12 mg wgt) Vapor 96.3% kill at saturation 2 day exposure at 24°-25°C yielded 96.3% kill, 3017
Prodenia eridama {larva, 700 mg wgt) 2% Average kill at 2 day contact with deposit 0.55
I mg/cm’, 3017
Prodenia eridania (larva, 700 mg wgt} or LDy, 130 ngig Administered by leaf sandwich method, 3017
Sitophilus spp, Medium LG, 1.3 ppm Mixed with whole grain. 353
Tribolium spp. Medium LCy 0.2 ppm Mixed with whole grain. 353
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a) Generalization of comparative toxicity for insects; chlordane and some other chlorinated hydrocarbons: 3017
(1) Oral route: Lindane > DDT > chlordane.
{2) Contact route: DDT > lindane > chlordane.
(3) Fumigant: Chlordane > lindane > DDT.

b} Data on the comparative toxicity of chlordane and other insecticides:

(1) Sex differences in susceptibility: Vs. Periplaneta americana {adults): 558
route: Injection; vehicle: Xylene 10 parts, acetone 10, Deobase 75, ethanol 5:
Insecticide & LDy 96 hr (ug/g) 2 LD, 96 hr (ug/g) LDs _ {Ratio)
e iD,, o
Chicrdane 26.0 52.0 2
Lindane 0.8 4.4 5.5
Dieldrin 1.0 5.0 5
nDT 4.5 20.0 4.4
Toxaphene 25.0 80.0 3.2
Methoxychlor 7.0 18.0 2.5
(2) Vs. Blattella germanica {(adult): 356, 2357
Lethal Deposit , (ug/cm®)
Insecticide Direct Spray Direct Dust Environmental Dust
Chlordane 1.7 2.0 0.6
Lindane 2.8 0.8 0.2
DDT 40.0 150 2.5
Sodium fluoride — 130.0 40.0
(3) Vs. Blattella germanica {adult); by dust settling chamber method, 8 minute run on the dusted surface; 1234
dust diluent: Pyrophyilite; 5 roaches/test, 10 tests:
Ingecticide % Active % Mortality  Survival % Mortality  Survival
Ingredient (d) Time (d') (%) Time {?)
_ (Hrs) - {Hrs}
Chlordane 2 160 40,6 98 68.8
1 100 52.8 82 84.5
"+ 50% pyrethrum marc 1 100 54.7 48 80
BHC 1 100 33.3 100 55.3
n  + 75% pyrethrum marc 1 100 28.0 100 52,4
n  (Merck) 1 100 31.1 100 47.8
" " 0.5 100 38.3 100 65.9
n  + 50% pyrethrum marc 0.5 100 27.7 98 62.1
v {DuPont) 1 66 52.8 20 70.0
Toxaphene 5 100 29.3 100 40.1
" 10 100 15.0 100 22.3
Sabadilla {McConnon) 10 93 28.7 % 52.2
v " 50 100 11.8 100 22.7
Sabadilla + 50% pyrethrum marc 10 100 33.9 87 54.8
" + 50% boric acid 10 100 64.0 40 73.7
" + 50% sulfur 10 6 45 12 —_
Sodium fluosilicate 25 100 45.6 49 7.0
Sodium fluoride 10 92 34.6 48 63.5
Sodium fluoroacetate 1 100 19.7 90 42.5
Pyrethrum marc (Powell) 10 0 0
{4) Vs. Blabera fusca; by injection in acetone-triton solution: 1986
Insecticide MLD (ug/g) Maximum Tolerated Dose {#g/g)
(in <7 da) (7 da)
Chlordane 8 14
Heptachlor 1.6 3
Aldrin 1.3 2.6
Isodrin 1.5 2.7
Dieldrin 1.5 2.6
Endrin 1.3 2.5
Acetone-Triton control 454 1388
(5} Vs. Periplaneta americana (adult); comparative effectiveness of insecticides in urea-formaldehvde 267
wall suriace coatings; 50% insecticide incorporated, as based on dry weight of coating:
Insecticide Time for 50% KD (hrs) Time for 100% KD (hrs)
Chlordane 15 18
DT 24 48
Lindane 1 1.5
Toxaphene > 48 —

DDD > 48 —
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(6) Vs. Prodenia eridania {larva); small larvae = 12 mg wegt, large = 700 mg wgt:

Insecticide Fumigant Action LD,, (mg/g) Contact Action
Average Kiil % (2 days) Oral; Large Larvae Deposit Average Kiill §
Small Larvae (mg/ecm®) (2 days)
{Large Larvae)
Chlordane 96.3 0.13 0.55 2
Lindane 35.0 0.031 0.58 32
DT 15.0 0.031 0,53 40
Lead arsenate _— .29 _— —_
Control 0 0
(7) Vs. Sitophilus, Ephestia, Tribolium, stored products insects. Insecticides mixed with grain:
Insecticide Sitophilus Ephestia, Tribolium
LCy {ppm) LC, fopm) LCy, {opm)
Chlordane 1.3 36 0.2
DDT 16 860 16
Lindane 0.1 10 3
Hexachloropropene 450 4 10

(8} Vs. Anopheles quadrimaculatus; 4 day old adults, topical application of insecticides in ethanol solution:

167

3019

353

2051

2707

2033

Insecticide LDy, (ug/insect) LDy, (4g/ insect) Reiative Effectiveness (DDT=1.0)
(o) 29 ©) )] at LD, at LD,
g 29 o)  (29)

Chlordane 0.105 0.24 0.19 0.46 0.19 0.28 0.24 0.28
p’p’-DDT 0.020 0.066 0.045 0.13 1.0 1.0 1.0 1.0
p‘p’-TDE 0.041 0.1 0.098 0.22 0.49 0.66 0.46 0.59
Methoxychlor (tech) 0.035 0.1 0.078 0.22 0.57 0.66 0.58 0.59
Dieldrin 0.009 0.023 0.022 0.048 2.2 2.9 2.0 2.7
Lindane 0.0085 0.011 0.032 0.042 2.4 6.0 1.4 31
Toxaphene 0.15 0.29 0.29 0.5 0.13 0.23 0.16 0.26
Malathion 0.0087 0.0095 0.019 0.022 2.3 7.0 2.4 5.9
Allethrin 0.0029 0.008 0.013 0.041 6.9 8.3 3.5 3.2

(9) Vs. Chrysops discalis (adult); topical application:

Insecticide LDy, (estimate) 4 g/fly LDy, eg/fly
Chlordane 60 650
Lindane 4 35
Endrin 9 80
DDT 20 250
Dieldrin 20 950
Methoxychlor 30 90
Aldrin 40 170
Heptachlor 40 200
EPN 48 120
Isodrin 60 170
Bayer 22/190 (Chlorthion) 85 420
Diazinon 90 360
3-Chloro-4-methyl umbelliferone, 0,0-diethyl

thiophosphate 90 910
Q-137 {(Perthane) 120 400
Malathion 130 330
Toxaphene 180 480

{10} vs. Musca domestica (adult); contact sprays applied by turntable modification of the Peet-Grady
method:
Insecticide Spray Concentration {mg/cc) % KD In 10 Minutes
(to give 50% kill in 24 hrs.) {at the conc. for 50% kill in 24 hrs)

Chlordane 0.25 0
Dieldrin 017 0
Parathion .02 0
Methy!l parathion .025 0
Lindane 046 0
Heptachlor .052 0
Aldrin .056 0
TEPP .069 ca 1%
DDT .35 0
Malathion .48 0
Toxaphene .68 0
Tetrapropyl dithiopyrophosphate 0.69 0
Dilan 0.72 ca 0%
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(10} Vs. Musca domestica (adult); contact sprays applied by turntable modification of the Peet-Grady 2033
method:
Insecticide Spray Concentration (mg/cc) % KD In 10 Minutes
(to give 50% kill in 24 hrs.) {at the conc. for 50% kill in 24 hrs)
Isolan (G-23611) 1.15 100
Allethrin 1.5 100
Pyrolan 5.5 100

(11) Vs. Musca domestica (adult); comparative effectiveness of insecticides in urea-formaldehyde and other 267
wall surface coatings; 20% insecticide incorporated in coating on dry weight basis:

Inseciicide Vehicle Time for 50% KD (Minutes)
Initial Test After Specified Interval* Interval Between
. Tests {(Wks)
Chlordane Urea-formaldehyde 60 41 7
DDT " " 16 10 28
Lindane " " 13 16 53
Toxaphene " " 48 35 12
DDD i " 28 25 17
Pyrethrum " " 18 2, 11, 23, 52 8, 14, 15, 17 days
Chlordane nitro-cellulose 76 28 20
DDT " " 60 17 35
Lindane " " 39 20 30
Toxaphene " " 95 26 12
Chlordane polymerized diolefins 1 29 0
DDT " " 21 32 6
Lindane " " 20 23 6

*Namely the interval named in rightmost column.

{12) Vs. Musca domestica (larvae); insecticides incorporated in rearing medium; laboratory tests of control 1326
achieved, (Field results far less encouraging): 666

Insecticide % Mortality [Ref. 1326] LC,,* [Ref. 666}
{Mg Active Ingredient/K Medium)
50mg 20 mg 5mg 10mg Smg 2mg

Chlordane — — 100 — — 75 1450 ppm (1100-1900) = .95 Fiducial limits
DDT 100 — — — — — 2300 ppm (1600-3300) = " r
Methoxychlor 25 —_ —_ —_ —_ —_ _ —_ " t "
Toxaphene 100 100 — 100 75 0 — — " m "
Lindane — 995 — 60 — — — — " n "
Aldrin — — 100 100 100 97.5 430 ppm (340-595} = " " "
Dieldrin — 100 - 100 100 94 450 ppm (355-595) = " " "
Endrin — — — — — —_ 125 ppm (100-160) = " " "
Heptachlor —_— 100 — — 100 90 e _

Dilan 99.5 100 —_ 100 5 — —_ —

*Measured by % emerging from pupa in experimenial culture compared with control.

{13) Vs, Melanoplus differentialis; comparative toxicity, varicus insecticides, methods: 3267, 1102
Insecticide LD, {#g/g), Contact* LD,, (#g/g), Oral)** LD,, (ibs/acre), Contact Emulsion
(Laboratory tests} iadult insects) iladult insects) Sprays;*** 1st, 2nd Instar Nymphs.

[Ref. 3267] [Ref. 3267] IRef. 1102]
Chlordane 16.3, 9.8 21.8, 12,0 0.49
DDT > 3300, 9380 > 1350, 2579, 1170%+%* —
Toxaphene 73.9, 61.0 75.0, 91.5 0.91
Lindane (¥-BHC) 1.6, 3.4 6.6, 6.7 0.08
BHC — —— 0.04
Heptachlor 2.6, 1.6 6.0, 4.4 —
Aldrin 1.8 2.3 0.04
Dieldrin 1.4 3.7 0.03
Parathion 0.7,0.8 5.0, 8.9 0.05
TEPP 4.4 — —_
HETP 18.4 —_ —

*Solutions in dioxane, acetone, ethanol; **Deposit on leaves; ***From miscible oil concentrates; **¥*Colloidal
suspension, directly applied to mouth parts.
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(14) Vs. Sphenarium purpurascens; cornfield tests:

Insecticide Concentration
Chlordane 2.5% dust
I 5% "
Dieldrin 1% "
" 2.5% i1}
Aldrin 1% "
" 2‘5% (1
BHC 1% r
1" 2'5% "
Isodrin 0.5% spray
Parathion 0.5% dust
™" 1% 1"
Toxaphene 5% "
" 10% T
Endrin 0.5% spray

Active Ingredient (1bs/acre)

% Mortality 12 hrs

% Mortality 24 hrs

0.95
1.8

0.35
0.88
0.32
0.82
0.36
0.85
0.43
0.16
0.35
1.74
3.6

0.36

(15) vs. Melolontha melotontha: (DDT not efficacious.)

Contact {#g/Insect)
LDy, (5 day}

Insecticide

Chlordane
BHC (tech)
Dieldrin
Aldrin
Toxaphene

(16) Vs. Anasa tristis (adult); rates of action (topical application) insecticides at the lowest dosage yielding

1D, (5 day)

-3

9
0,
1.
2.
ca

>
ca

a mortality of 90% or more:

20
2.5
5
6

20

32 (27-39)
49.6 (39-62)
74.2 (68-80)
89.8 (87-93)
77.8 (69-88)
88.6 (83-96)
86.6 (78-92)
93 (89-98)
83.2 (81-82)
43.6 (36-51)
86.8 {59-80)
26.8 (18-36)
40.4 (36-47)
32.8 (24-40)

46.6 (41-54)
63.8 (50-77)
98.2 (96-100)
99.8 (99-100)
97.8 (85-100)
99.6 (39-100)
94.2 (90-97)
97 (93-100)
91.4 (80-86)
69.4 (61-80)
7% (69-84)
53 (46-60)
61.4 (55-89)
47.6 (43-59)

Relative Toxicity

AU LD,

0.08
1.0
0.4
0.25

ca 0.1

At 1D,

0.12

1.¢ (Standard)

0.5

< 0.4
ca (.12

Insecticide g/ Insect % Mortality At
12 hrs 24 hrs 48 hrs 72 hrs
Chiordang 512 — 6.7 73.3 90.0
Parathion 6 3.3 33.3 6.7 90.0
Lindane 64 —_ 80.0 100 100
Aldrin 64 —_ 23.3 6.7 93.3
Endrin 128 6.7 20.0 86.7 100
EPN 128 10 26.7 6.7 100
Heptachlor 128 10 50.0 80.0 90.0
Isodrin 128 0 10.0 63.3 90.0
Dieldrin 256 0 70.0 96.7 100
(17) Vs. Leptinotarsa decemlineata {3rd instar):
As Sprays As Dusts
Insecticide % Survival At % Survival At
g/100 1 g/hectare 24 hrs 48hrs  g/k g/hectare 24 hrs 48 hrs
Chlordane 50 316 34 24 20 1485 1 [
Heptachlor 10 76 100 80 50 1228 8 4
" 20 118 66 26 22 624 38 12
" —_ — — _— 125 241 27 3
Aldrin 10 76 88 T2 12.5 260 2 0
" 20 136 32 22 ] 184 52 24
" — —_ — — 3 92 66 48
Isodrin 16 65 46 2 26 604 0 0
" —_ — —_ —_ 12.5 395 20 0
" —_ —_ — — 6 175 26 0
" — — -— _ 3 97 62 46
Dieldrin 10 67 7 0 12.5 354 0 0
" —_ —_ — — 6 164 8 0
" — —_ —_ — 3 8b 18 0
Endrin 10 72 2 4] 25 686 0 0
" —_ —_ -— _ 12.5 468 12 0
" — — —_— — & 184 22 0
" _ s — — 3 82 78 48

{18) Vs. Choristoneura fumiferana, Heliothis ononis, Agrotis orthogonia (Lepidoptera):

Lethal Deposity, {(ug/cm®) For

Insecticide

Chlordane
DDT
Lindane

Choristoneura Heliothis Agrotis
140 Ineffective 18
0.3 i 80

1.9 23 5.5

169

307

3184

3376

1986

350
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(18) Vs, Choristoneura fumiferana, Heliothis ononis, Agrotis orthogonia (Lepidoptera): : 350
Insecticide Lethal Depositse { pz/cm®) For
Choristoneura Heliothis Agrotis
DNOC 4.0 16 7.5
Nieotine 42 400 Ineffective
Pyrethrins 0.05 4 8.2
(19} Vs. Macrosiphum pisi; speed of toxic action against. As dusts applied by dusting tower method to in- 520

fested broad bean plants, (Vicia faba). Dust diluent = talc:

Time for (Hrs: Mins)

Insecticide Dust Concentration Temp. (°F}) 50% Kill 98% Kiil
Chlordane 5% T2 9:24 18: 8
Toxaphene 5% 72 13: 20 19:1
EPN .86% 4 5:2 8:6
Dieldrin 1% 75 4:7 6:43
Aldrin 1%, 75 3:44 7:32
TDE 5% 72 2: 34 4:35
Methoxychlor 10% 75 2:1 5: 34
Parathion 1% 70 1:8 1:43
Parathion 2% 70 1:21 1:53
DDT (mixture) 5% 72 0:57 1:45
Lindane 1% 72 0:56 1:54
Rotenone (5% rotenone 10% other extractives) 5% 72 047 1:23
TEPP .18% 4 0:20 0:56
Nicotine 1% 72 0:15 1:12
Nicotine 3% 72 0:12 0:50
Talc (Control} 67-72 13: 28 23: 51
(20) Vs. Anthonomus grandis and other cotton insects:
Insecticide LDy, Ib/acre (Active Ingred.) LD, {lb/acre active) LC,, (mg active/1) 2276
Vs. Anthonomus grandis Combined Contact, Stomach Contact Achion (Fumigant Action)
Action, Cotton Plant Dusted Insects Dusted
Chlordane 10.1 21.9
Dieldrin 0.9 2.7 16.6
Aldrin 1.1 6.6 12,9
BHC (tech) 1.0 3.9 47.6
Toxaphene 6.4
DDT 9.
Prolan (tech) 11.4
Bulan (tech) 16,7

Vs, Anthonomus, rated mederately effective; Vs, Aphis, slightly effective; Vs. Nezara, slightly effective; 353
Vs. Psallus, slightly effective; Vs, Heliothis, slightly effective; Vs. Alabama, slightly effective,

(21) Vs. variocus curculionids; comparative effectiveness, chlordane and others:

Chalcodermes aeneus Toxaphene > DDT > Chlordane > BHC 3280
Cylas formicaria BHC = toxaphene > DDT 961
Hylastinus obscurus BHC > chlordane > DDT .. 2111
Hypera postica Dieldrin > Chlordane > toxaphene > DDT 1447
Brachyrhinus ligustici Chlgrdane > toxaphene > DDT 1312
Trichobaris mucorea BHC > chlordane = DDT 3367
Conotrachelus nenuphar Parathion > aldrin > dieldrin >> chlordane > BHC 517
(22) Chlordane compared with other insecticides when tested by bioassay using the brine shrimp, Artemia 2251

salina (Crustacea):

(a)} Test method: Time required for adult Artemia to sink to bottom of a water column through failure
of swimming movements.
{b) Insecticides in acetone solution.

Insecticide Time (Minutes To Sink At)

1 ppm 0.1 ppm 0.01 ppm
Chlordane 60-120 120-135 120-180
Methoxychlor 45-60 45-60 45-80
Lindane 45-60 60-120 60-120
Toxaphene 45-60 90-120 18 (hr)
opT 60 60 60-120
Acetone control 1 : 100 24-48 hrs

H-.0 control 26-50 hrs
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1) Resistance of certain insect strains (biotypes or “‘populations’’) to chlordane; comparative data:

a) Resistance to chlordane has been shown by some insect species and ‘‘populations’’ subjected to selection
by exposure.

b} DDT resistance, in certain ‘populations?’ subjected to selection, has been accompanied in some species,
by enhanced resistance (‘‘cross resistance’’) to chlordane and other insecticides. Chlordane~R strains
have revealed *‘cross resistance’ to other insecticides.

¢) Toxicity of chlordane for Blattella germanica, chlordane-R and chlordane non-R biotypes; applied as acqu-
eous suspensions of acetone—EMCOL, H65A solutions; topical application by dipping of adult insects:

Biotype and Sex LC,, {cc/1} LCy {ce/1) Degree of Resistance* At
LC,, LCy

Chlordane non-R o 0.0041 0.0192 1.0 1.0

Chlordane non-R ¢ 017 .04 1,0 1.0

Chlordane-R d .340 1.5 84.1 8.1

Chlordane-R Q 3.550 10.7 303.4 251.8

* LC, R-biotype LCq R-~biotype
LC,, non-R biotype, 1Cy non-R biotype

{1) Toxicity of chlordane and other insecticides for the chlordane non-R, and chlordane-R {Corpus Christi)
strains, of Blattella germanica; adult ¥ tested by injection:

Non-R Chlordane-R Degree of Resistance
Insecticide LDy, (#g/g) LDy (ue/g) LDy, {#g/g) LD, (ug/g} LD, R strain LDy, R strain
- Th, non-R LD, non-R
Chlordane 81.29 144.27 11175 4648.8 13.76 32.22
ATdrin 26.46 70.06 127.61 1113.6 4,82 15.89
Dieldrin 6,59 17.35 68.37 502.49 10.37 28,54
Heptachlor 9.07 19.85 174.21 1509.3 19.21 76.04
Lindane 1.0t 2.5 23.13 75.02 22,72 29.19

171

1280

431

{2) Comparative toxicities of chlordane and 2 other insecticides for non-R and chlordane-R strains Blattella 1259

germanica; Method: Dipping; LDy, LD, expressed as cc insecticide/] for chlordane and TEPP and for
Iindane as g/1:

Insecticide Bex Non-R Chlordane-R Order of Resistance
LD, LDy LD, LDy At LD, At LD,
Chlordane d 0.034  0.0063 0.38 2.1 1114 333.3
Chlordane 4 0165 0476 4,55 14.87  275.7 312.3
Lindane o 0103 0155  .0595 076 3.7 4.9
Lindane ¥ 0242 0430 094 .185 3.8 4.3
TEPP d 0575 .11 112 .185 1.9 1.5
TEPP ? 153 .395 . 265 512 1.7 1.2

(3} Comparative toxicities, various insecticides, to resistant {R) and non-resistant {non-R) strains, Blai-
tella germanica; method = topical application to adult 9 insects:

Insecticide LD,, 48 hr LD, 48 hr Degree LD,, 48 hr Degree

{ ug/insect) (ug/insect) Resistance {ug/ insect) Resistance

Non-R strain DDT-R strain Chlordane-R strain
Chlordane 2.3 4.1 1.8 250.0 108.6
DDT 13.5 25.0 1.9 19.0 14
Dieldria 0.5 0.62 1.2 34.0 68
Diazinon 0.33 0.78 24 0.4 1.2
Allethrin (synergized) 0.76 1.3 1.7 1.0 1.3

{4} Relativetoxicity of several insecticides for Musca domestica, 2 strains:
(a) Auburn (DDT-R} strain, 14 times as resistant to DDT as the Orlando DDT-susceptible strain.
Tested by topical application of insecticides in acetone solution to adult insects:

Insecticide Auburn Strain Orlando Strain

LDy, 95 Fiducial 1Dy, LD, .95 Fiducial LD,

(ug/fly) Limits {ug/g)  (ug/My) Limits {ug/g)
Chiordane 29.0 ( 12- 57) 2791.3  42.0 ( 42- 84) 3586.8
Heptachlor 13,0 ( 11- 17) 855.79 11.0 (8.75- 15) 955.68
Methoxychlor 2.33 {2.03-2,53) 135.18 1.93 (1.33-2.33) 127.49
Chlorthion 0.14 (0.10-0.20) 1052 0.22 {0.19-0,25) 16.89
Diazinon 0.08 (0.05-0.07) 3.01 0.10 {0.09-0.11) 6.15
American Cyanamid 4124 0.03 (0.03-0.03) 2,75 0.02 {0.02-0.03) 1.73

No significant difference in susceptibilities between the 2 strains except in case of Diazinon.
Note overlapping of the fiducial limiis.

(5) Toxicity of vapors of chlordane, others, to resistant and non-resistant strains, Musca domestica:

1012

2110

3320
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{a) Strains: Orlando #1 exposed to DDT only: High DDT resistance, some cross resistance for lindane,
dieldrin, chlordane; LDD: “Population’’ of dairy flies not controllable by DDT, dieldrin, lindane;
resistance maintained by constant exposure of z2dults to residues on cages; Ballard: A wild strain
from a dairy treated by space and residual lindane with poor control:

Lethal Time ., (minutes}
Insecticide Non-R Qrlando #1 DD Ballard
Vapor Residue Vapor Residue Vapor Residue Vapor Residue
Chiordane 33 —_— 69 — 347 —_ 380 —
Lindane 25 10.9 58 16.4 173 65.6 316 2293
Dieldrin 40 < 1 110 9.1 550  >120 550 —
Aldrin <15 — 23 -— 158 — 96 -—
DDT -— 9.0 — cal440 _ 240 — 3434
(6) Toxicity of chlordane, and others, for Cirphis unipuncta (larva):

Compound Topical Application Oral (Treated Leaves) Ratio LD, © LDy

LT,, #g/g Ratio to Parathion ILD,,ug/g Ratio to Parathion Topical Oral
Chlordane 117.5 31.6 78.2 31.3 4.9 4.7
Parathion a7 1.0 2.5 1.0 3.4 8.5
DDT 193 52.2 45.7 18.3 4.7 22.8
Toxaphene 56.2 15.2 4.1 13.8 4.7 2.9
Lindane 28.1 7.6 27.9 11.2 3.2 5.1
Aldrin 19.8 5.4 11.4 4.6 3.7 24.7
Dilan 8.8 2.4 11.5 4.6 5.4 3.0
Dieldrin 8.3 2.2 4.6 1.8 s 3.8

(a) Parathion yielded fastest kill followed in order by Dilan, lindane, DDT,

(7) Toxicity of chiordane, and others, for Locusta migratoria migratorioides {young, virgin adults} by

topical application; insecticides dissolved in iractor vaporising oil + cyclohexanone 90 to 10;

Compound LD,, 96 hrs LD,

y§7 tocust pg/g pg/locust ug/g
Chlordane 204 + 1.05 19.3 110.0 +30.9 104.0
Methyl parathion 0.94x 0.1 .89 2.3+ 0.52 2.2
Lindane 3.89+ .21 3.69 12,9+ 209 12.2
DNOC 164 + .1 a9 19.3+ 897 18.3
Toxaphene¥* 40,2 + 2.88 38.1 123.0+16.9 116.0
DDT* 1400 £ 7.6 133.0 258.0+18.6  245.0
*LD,, 5 days

{a) Action of DNOC is most rapid, yielding paralysis within 30 minutes, and showing a mortality curve
of steep slope; although lindane at LDs, is ca 3 times as toxic as DNOC, the two at probit 7.81
(99.75% kill) are equitoxic at ca 33ug/locust.

7} Pharmacological, pharmacodynamic, physiological, biochemical: Insects:

{1

(1)

Mode of entry:
a) Chlordane enters the insect body by way of the cuticle, by mouth and via the spiracular openings. Entry

is influenced by state of the insecticide, for example, solution, dust, suspension, emulsion. Sclutions in

0il show enhanced toxicity over dusts and suspensions for many insects not susceptible to the latter.

1) Tests with Musca domestica do not indicate any particular point of cuticular entry to be more vul-
nerable than others.

(2) Toxicity for Musca of residual deposits of chlordane is enhanced by increasing temperature, for ex-
ample, 70°F vs. 90°F. {positive temperature coefficient).

(3) Chlordane iz extremely effective for heavily sclerotized insects, for example, locusts, grasshoppers,
roaches, ants.

Physiological, Pharmacological

a) The action of chlordane is, on the surface, PDT-like, but it is not thought of as specifically neuro- 2231,
toxic.

{1) The neurotoxic symptoms follow upon a distinct latent period. From 30 minutes—6 hours pass, dur-
ing which the insect is passive, before there is marked increase in Oy consumption.

b} In Periplaneta, the effect is depressant, with decreased muscle tone, and, {unless dosage is not too high)
with weak but still coordinated movements. 2231,
{1} Elevated dosages may immobilize the subject at once, but the passive insect responds to stimulus

with exaggerated movements, violent tremors.

(2) Has pronounced effect upon the action potentials of the crural nerve. After the latent period (3 hrs
for ee-chlordane, 8 hrs for g-chlordane, 5 hrs for technical chlordane) trains of high frequency dis-
charges were registered from the crural nerve.

¢) Honevbees, on contact with chlordane dusts, became highly agitated, and in four hours showed increasing
loss of coordinated movement, with death following within B hrs.

d) Injection of chlordane to Blattella germanica was followed by a 4-8 hrs latent period, then followed by
sudden rise in Q; consumption to 5 times the normal level.

3268

1583

353

1561

1561

353

2681

353

353
520

909

1441
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€} On the motor nerves of isolated legs of Periplaneta americana and Calliphora erythrocephala chlordane 295
exerts no stimulating effect. Apparently, action is at the ganglion and requires an intact reflex arc for
manifestation.

(1) Distribution has been attributed to the haemolymph primarily, with the nerves secondarily taking
part. Excretion of chlordane is via the Malpighian tubules,

f) The onset of the period of hyperactivity is correlated with the sudden rise in Oy consumption in chlor- 1441
dane-injected Blattella germanica.

g) Following chlordane injection, the heart of Periplaneta americana shows irregularity of pulsation both
in intact and beheaded insects. The heart is arrested in diastole.

8) Action on beneficial insects:

a) Chlordane is hazardous to bees, which die in the field, away from the hive. 3099
(1) Highly toxic by oral, contact, or furnigant action. 909, 910
{2) As dusts on blooming alfalfa, chlordane has reduced the bee field force by 50-80%. Others report
25% kill in dusted blooming alfalfa (5% chlordane dusts). 910, 3098
b) Comparative toxicity of chlordane, and others, toward Apis mellifera by various routes of application 1718
and exposure:
Compound Oral Dose ug/bee to Yield Contact Spray Dose ,ug/(:m2 to Effects of 1 Hour Contact With Effects of ¥apors {rom Residual
% Mortality Indicated in 24 hrs. Yield % Mortality Indicated Residual Dry Films Dry Films;, Exposures of 1 Hour
20 50 90 20 30 a0 T kill  pg/em?® Average Field Ounces % Kill 24 hrs. pg/em
24 hrs. Dose tng/cm® Per Acre
Parathion 0.018 0.04 0144 0.144 0.257 0.354 90 0.54 0.0014 2 100 5.0
10 .18 0 2.8
TEPP 052 065 092 288 445 521 8 .22 L0056 ] 0 5.5
Lindane 026 079 348 772 851 986 100 .28 06028 4 100 44
0 074 0 .28
Dicldrin .223 .269 (354 386 572 1.052 90 .08 8014 2 100 .28
10 .04 0 074
Aldrin 181 .239 .365 327 562 1.274 75 0% 0014 2 100 74
0 04 0 074
Chlordane 831 1.122 1.736 3.802 5.000 7.580 100 3.4 0012 16 100 3.7
- 12 9 0 31
Systox ® 1.256 1.478 1.884  4.321 5.123 £.619 50 0.0 — — 0 18.5
22 6.8
Dimeiox ® 1.25 1.905 3.506 16,52 23.17 38.64 0 50.0 — — 0 4.0
Toxaphene  25.12 39.81 80.17  36.73 44.67 59,098 9 1100 0168 24 0 0.0
0 40.2
9) Chlordane in economic, practical insect control; field experiences:
1) considered superior to DDT in control of cucurlionids, cutworms, cercopids, agromyzid leaf-miners, 353
Orthoptera, large Hemiptera. The residual action, due to volatility, is less than that of toxaphene, DDT.
2) For Melanoplus mexicanus, twice as toxic {contact) as DNOC, with high stomach, residual, toxicity. 359
3) Less effective as dust than BHC for Melanoplus spp. (Illincis), superior in Colorado. 3264, 2028
4} Chortoicetes (Australia), superior to BHC in conirol of. 43
5) For grasshoppers recommended at 1 lb/acre as spray, 1.5 lbs/acre as dust, 0.75 lb/acre as 1373, 2446, 2555

wettable powder (0.5 lb/acre for young nymphs). Less toxic than parathion for grasshoppers. 1100, 334, 3267
Acts chiefly as a stomach poison, killing slowly,
6) Vs. Melanoplus mexicanus: 100% control with 4% baits at 15 Ibs/acre. 354
7) Vs. Melanoplus spp: 0.5% in bran and oil baits at 5 lbs/acre, wet baits 0.5% chlordane at 20 lbs/acre, as 2446
effective as 6% sodium silicofluoride.

8) Scapteriscus ucletus, S. vicinus controlled by 0.02% sprays at 100 gal./acre, 2% baits at 50 lbs/acre. 1769
9) Vs. Chlorocroa uhleri: Moderately toxic for. 353
10} Vs. Euschistus tristigmus: Effective for, 3368
11} Vs. Anasa tristis: More toxic than DDT for. 3222
12) Vs, Blissus spp; In turf, more toxic than DDT for. 2779
13) Vs. Lygus oblineatus, on alfalfa: <toxic than DDT for, relatively ineffective on peaches, 3327, 515, 2112
14} Psallus seriatus: Controlled by 2% dusts. 2438
15} Philaenus leucophihalmus: Complete control with 0.1% spray, superior to DDT, BHC. o211
16) Aphrophora spp, on alialfa: Superior to DDT for. 3327
1T7) Psylla pyricolla: Completely ineffective for. 1359
18) Aphis persicae-niger: Ineffective for as a dust, 1733
1%) Macrosiphum pisi: Inferior to DDT in the field for. 3016
20) Pseydococcus maritimus: 33-50% control, inferior to parathion, thiocyanates. 2356
21) Heliothrips hemorrhoidalis: Less toxic for than lindane, DDT. 2227
22) Taeniothrips simplex, T. inconsequens: As sprays, highly effective for. 2871
23) Thrips tabaci; Highly effective for. 3016
24) Pieris rapae: Inferior to BHC for. 3016
25) Estigmene acraea: Ineffective for, as dusts. 91
26) Anticarsia gemmatilis: Less toxic for than DDT, BHC, Toxaphene, Parathion, Methoxychlor, cryolite. 110
27} Laphygma: As a bait superior to other controls, 349
28} Cirphis, Prodenia: As sprays, = to DDT; as dusts, inferior to DDT. 3016, 300
29) Laphygma frugiperda: Controlled by 10% dusts. 91
30) Agrotis orthogonia: Effective against. 350

31) Heliothis armigera: As dusts inferior by far to DDT, cryolite. 1033
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32) Argyrotaenia velutinana: Valueless against.

33) Carpocapsa pomonella: Ineffective against.

34} Pyrausta nubilalis: Inferior to DDT in conirol by aircraft sprays.

35) Diatraea saccharalis: Poor control with. 1649,

36) Melittia satyriniformis: Ineffective against,

37} Profenusia canadensis: Inferior to BHC against.

38) Cephus cincta: Resistant to sprays of.

39) Hylemyia brassicae, H. floralis: >> toxic than DDT as emulsion on seedlings.

40} Hylemyia brassicae, E tloralis, H. cilicrura, H. trichodactyla, on rutabagas: Inadeguate, even at high
rates in control of, in British Columbia.

41) Hylemyia cilicrura: Soil treatment with controls.

42) Anastrepha ludens: Inferior to DDT in control of.

43} Dacus dorsalis: 5 times as effective as DDT, bui inferior to aldrin, dieldrin.

44) Liriomyza orbona, L. pusilla, L. flaveola: Very effective against, dusts yielded 99% control.

50) Epilachna varivestis: Relatively ineffective against; = to DDT.

51) Ludius aeripennis: < effective than lindane, requiring 4 times the lindane dosage for = effect.

52) Horistonotus uhlerii: Controlled by, in cotton fields.

53) Melonotus, Conoderus: Controlled by 1% dust at 400 Ibs/acre; ineffective as seed pretreatment,

54) Popillia japonica: Highly effective for as a soil treatment, 10 lbs/acre yielded 99.6% + kill. 1022, 2777,

55} Lepidodermaz spp: Of no value against.

56) Leptinotarsa decemlineata; = or < effective than DDT. 3016,
57) Epitrix cucumeris: More effective than calcium arsenate for. 1872,
58} Epitrix hirtipennis: Sprays yielded 90-95% control of.

59) Diabrotica duodecempunctata: As soil dust 4 lbs/acre very effective; against adults sprays < 1876,

effective than BHC vielding 50% as against 75% control.

60) Hylobius radicis; < effective for than BHC.

61) Hypera postica: Much superior to DDT in control of.

62) Brachyrhinus ligustici: Much superior to toxaphene for.

63) Anthonomus grandis: Toxic to larvae, which die on emergence,

64) Anthonomus signatus: Inferior to DDT, cryolite, for.

65) Conoirachelus nenuphar: Highly effective against, as 0.1% spray 4 times repeated; most effective 1608,
also vs. adults,

66) Acarina: Poor plant acaricide.

67) Eutrombicula alfreddugesi: Excellent control of at 2 Ibs/acre; also Acariscus mansoni.

68) Amblyomma americana: As area spray at 2 lbs/acre disinfestation iasting ca 2 months.

69} Periplaneta americana, Blattella germanica, Blatta orientalis: 100 mg/ft*, residual, gave high 1094,
control for 8 weeks; LD acquired in 10-20 minutes of contact.

70) Monomorium pharaonis: Most effective control at 2% solution, emulsion, dust.

71) Iridomyrmex humilis: 2% dusts, emulsions yielded complete control.

72) Camponotus pennsylvanicus; 2% solutions, emulsions controlled.

73} Pogonomyrmex barbatus: 3% solutions gave control,

74) Solenopsis saevissima: 5% formulations superior to DDT, BHC, toxaphene.

75) Lasius americanus: 0.3% suspension sprays on turf yielded 90% control.

76) Haematoptinus adventicius: 0.2% emulsions yielded complete control of,

77) Bovicola bovis, Solenoptes capillatus, Linognathus vituli, Haemoptinus eurysternus: 3 seasons tests on
dairy herds showed 0,25% chiordane, alone, {others DDT, BHC, rotenone-sulfur) giving excellent sea-
sonal control with 1 application.

78) Anopheles quadrimaculatus, Aédes aegypti: Order residual effectiveness: DDT > BHC, chlordane >
toxaphene; 200 mg/ft? chlordane yielded complete kill for 4 weeks.

79) Simulium spp: Effective against, but < so than DDT.

80) Musca domestica: As space and direct contact spray superior {o DDT; residual effectiveness 1094,
DDT > BHC > chlordane > toxaphene > DDD. Most effective on DDT-R strains. Highly toxic (L.C,, 24886,
23 ppm) vs. maggots when combined with medium.

81) Siphona irritans: Very effective against. 914, 1884,

82) Melophagus ovinus: 0.2% suspension dip or spray superior to DDT, DDD but inferior to rotenone,

83) Attagenus piceus: 0.5% on clothing was more toxic than DDT but not as long lasting.

84) Latrodectes mactans: Effective against, but < so than DDT.

For extensive screening data consult Reference 1801.
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p~-CHLOROBENZYL -p-CHLOROPHENYL SULFIDE
(p-Chlorophenyl-p-chlorobenzyl sulfide:
Chlorbenside; Chiorocide; Chloropari-
cide; Chlorparacide; p,pDichlorodi-
phenyl sulfide.)

Ci CH:8 Cl
Molecular weight: 269.19

GENERAL 635,

An acaricide of recent introduction (1953), Very toxic to the eggs and larvae of tetranychid mites, with activity,
o some exient, against the adult stage. Highly toxic for the winter and summer eggs, and young of Metatetrany-
chus ulmi {=Paratetranychus pilosus), and the eggs and young stages of Tetranychus telarius. Specifically acari-
cidal, without activity against the eggs, larvae or adults of any insect tested. Predatory insects, for example
Blepharidopterus angulatus, adult and larval Coccinellids, Syrphids, Anthocorids, the predatory mite Typhlodro-
mus in sprayed orchards have not, in preliminary observations, been found affected,

Residues are persistentiy ovicidal for mite eggs and, at sub-ovicidal levels, have stomach toxicity for mite larvae.
Adult mites are largely unaffected and, normally, there is a lapse of 2-3 weeks before an active infestation is
controlled. Non-systemic in action, but capable of penetrating and diffusing across leaves from one surface to the
other although mite control by this property demands high dosages.

PHYSICAL, CHEMICAL

White, crystalline solid; m.p. 72.5°C; v.p. 6.1 X 1075 mm Hg at 40°C; practically insoluble in water; low 2231,
solubility in alcohols, petroleum oils; soluble in acetone, aromatic hydrocarbons; the following solubilities in
8/100g solvent are noted: at 20°C acetone 82g, benzene 111g, toluene 107g, xylene 93¢, methanol 4g, ethanol 2.8g,
carbon tetrachloride 49g, chloroform 99g, dioxane 102g, acetic acid 63g, methyl ethyl ketone 137g, odorless kero-
sene 5-7.5g; stable to reduction, acid, and alkaline, hydrolysis; readily oxidized to the sulfoxide, and more slowly
to the sulfone (non-volatile) via the sulfoxide; the resulting sulfoxide, sulfone, have acaricidal properties; for
Paratetranychus citri adults, the related phenyl benzyl ethers are effective acaricides; highly lipoid soluble;
possesses an appreciable vapor pressure. Formulated as wettable powders, emulsifiable concentrates. Compat-
ible with practically all cther pest control substances.

TOXICOLOGICAL

1} Of low toxicity for mammals, Oral doses, 250 mg/k /day, during 3 weeks, did not affect growth, haematolog-
ical findings in rats: Livers moderately enlarged without pathology. A daily dose of 50 mg/k/day produced no
observable effects when given over 3 weeks.

2) Mouse or LD, = > 3000 mg/k.

3) Phytotoxicity:
a) A selective phytotoxicity for some cucurbits has been noted.
b) No phyiotoxicity shown for apples, pears, plums, peaches, grapes, soft fruits, glasshouse crops, ornamen-
tal plants.

4) Toxicity for and uses in control of acarines and other arthropods:

aj Sprays of miscible oil solutions, or dispersible powders, at 0.05%, applied at the green cluster to pink bud
stage on apples (white bud on pears) have given outstanding control of Metatetranychus ulmi. Best results
are given by application as late as possible before blooming, before the main hatching of winter eggs, to
obtain optimum ovicidal and larvicidal effects with maximum of retentive leaf area to hold the deposits. In
favorable circumstances, such application gives season long red spider control. As a miscible oil spray,
effective at bud burst, but without persistent foliage deposit.

b) As ovicide, for summer mite eggs, 2 applications at 3-4 week intervals beginning (England) at mid-June;
0.02% dispersible powders, 0.0125% miscible oil solutions, give good control.

¢) Gives control of Tetranychus telarius on soft fruits and herbaceous plants in the greenhouse and outdoors,
but best use is as a protective, to prevent build-up of active infestation, rather than as an eradicant.

d) A reason given for the persistent effect on foliage is the acaricidal activity of the sulfoxide and the sulfone
to which p-chlorebenzyl-p-chlorophenyl sulfide is slowly converted under field conditions.

e) Reported to be a highly effective stomach poison for Tinea.

f) Reported to be highly larvicidal to Anopheles.

g) Poor contact insecticide for Epilachna, Oncopeltus, Musca. 1595,
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CHLOROBROMOPROPENE (1-Chloro-3-bromopropene—l)

CHC1 = CH; - CH:Br Molecular weight: 214

GENERAL

An insecticidal fumigant, suitable for the fumigation of fresh, perishable fruits.

PHYSICAL, CHEMICAL
A liquid; d2% 1.40; v.p. 40 mm Hg=°C; flash point > 90°F; soluble in water to 0.2 g/100 cc.

TOXICOLOGICAL

1) Toxicity for higher animals:

Animal Rouie Dose Dosage Remarks

Mouse Intragastric LD, 0.1+0.008 g/k Suspension in propyleneglycol.
Rat Intragastric LDy, 0,078 = 0,008 g/k  Suspension in propyléeneglycol.
Mouse, Rat Inhalation  LCso (10 hrs) 260 + 50 ppm Exposure 4 hours.

Rabbit ct LDy, 2.0+ 0.3g/k Via unabraded, shaved skin.

a) Intragastric administration yielded hyper-excitability, followed by tremors, failure of coordination, de-
pression, dyspnoea.

b) Dead subjects showed: Fluid and gas distension of stomach, erosion (sometimes with hemorrhage) of gastro-
imtestinal mucosa; sometimes observed are fatty degeneration of liver and lung hemorrhage.

¢) Inhalation yielded symptoms as above, plus great respiratory distress, with dyspnoea, hyperpnoea, mucous
nasal discharge, lacrimation. Dead subjects showed severe oedema of lungs. ‘

d} Rep

eated exposures; chronic toxicity:

m

2

(3)

Repeated exposure {inhalation), for 0.5, 1, 4, 8 hours to 50-1900 ppm, yielded varying degrees of nose
and eye irritation, and respiratory distress (even at 50 ppm), and moderate CN3 depression, with pro-
longed exposure at higher concentrations.

Chronic exposure {rat, mouse) at 1 hour daily exposures, 5 days/week, 60-20 exposure periods, to 100-
563 ppm showed slight irritation of nose, eyes, and slight respiratory depression during exposure. At
100 ppm: No toxic effects. At 150, 225 ppm: Moderate growth retardation with greater eye, nose, res-
piratory, irritation. All ¢ animals dead after 11 exposures to 375 ppm; 2 animals all dead after 15
exposures. Mice somewhat > tolerant than rats. Gross lesions of respiratory tree, fluid accumulation
in thorax, distension of gastro-intestinal tract were exhibited at autopsy.

0.5 ¢c applied cutaneously to shaved rabbits, as propylene glycol suspension, yielded severe irritation
of skin; 0.0l ccofa 5-40% suspension, in eye, yields irritation in rabbit comparable to ally! aleohol,
diethanolamine, Tincture of Green Soap (U.8.P.)

e) In man:

(0

(2}

Concentrations as low as 0.1 ppm may yield mild irritation in some; 2 ppm cause mild irritation in 2
minutes, moderate irritation in 3 minutes, severe irritation in 4 minutes. 50 ppm yleld immediate,
mild irritation, and in 0.4 minutes severe irritation.

Comparison of toxicity of chlorobromopropene and other fumigants, for naked 23-26 hour old eggs and
3rd instar larvae, of Dacus dorsalis, (Oriental fruit fly}:

{a) Exposure 2 hrs at 71-80°F as tested in empty vessel fumigation:

Fumigant Eggs Larvae
LDy, (mg/1) 1D, (mg/1) 1D,, {mg/1) LD,, (mg/1}

Chlorobromopropene 5.9 8.7 2.0 3.1
Acetornitrile 44 75 > B2.4 —
Chloroacetonitrile 1.2 1.5 < 1.3 < 1.3
Acrylonitrile 1.2 1.6 < 1.2 1.6
Acrylonitrile + CCl, 50:50 3.9 11 1.7 4.9
Carbon disulfide 53 92 56 89
Carbon tetrachloride > 167.8 - > 167.8 —_
Methyl iodide < 2.9 < 2.9 < 2.9 4.2
Methyl thiccyanate 2.9 8.5 < 1.4 < 1.4
1-Bromo-2-chloroethane < 2.2 < 2.2 < 2.2 2.3
Ethylene dibromide < 2.9 < 2.9 < 2.9 < 2.9
1, 3-Dichloropropene 3.9 8.7 8.0 13.5
Ethyl chioroacetate 6.2 13.% 1.4 3.6
Methyl bromide 15.0 24.5 9.2 18.5
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33. CHLOROMETHYL-p-CHLOROPHENYL SULFONE

Fumigant Eggs Larvae
LD, (mg/l) LDy (mg/1) LD,, (mg/1) LDy (mg/1)

Methyl formate 65.0 110.0 — —
Hydrogen cyanide 10.9 26.0 1.3 2.8
Propylene oxide > 89.4 - 18.5 28.0
Ethylene oxide 6.2 12,0 8.7 17.0
Ethylene dichloride 2.3 5.9 33 120.0
Ethyl formate > 104 —_ — —_
1, 1, 1-Trichloroethane 28 69 <13% —
sym-Tetrachloroethane 25 68 20 43
1, 1-Dichloro-1-nitroethane 24 60 < 1.9 < 1.9
Allyl chloride 71 105 70 > 98.6
Allyl bromide 15 24 1.8 7.5

33

CHLOROME THYL -p-CHLOROPHENYL SULFONE
(Lauseto Neu; p-Chiorophenyi chloro -
methyl sulfone; Chloromethy!-4-chioro-
phenyl sulfone.)

0 H
cl— —é'—(lz—m

5
GENERAL [Refs.: 1059, 418, 414, 2231, 919, 1810, 2566]

A German insecticide brought forward as Lauseto Neu, a particularly powerful and effective ovicide for human
body lice, e.g. Pediculus humanus corporis. Very effective against adult lice and bed bugs, but of little value
against flies and aphids. Has proven to be ovicidal to Metatetranychus ulmi, Compared with certain others,
Lauseto Neu has proved to be the outstanding ovicide for human lice, as follows: Lauseto Neu > 2, 4-dinitrophenyl
propicnate, 2-benzylpyridine, 3, 4-dichlorobenzyl cyanide, diallyl adipate, diallyl succinate, diazoaminobenzene.
Has been reported as effective vs. the larvae of Pyrausta nubilalis.

PHYSICAL, CHEMICAL

1) A solid; m.p. 122°C; soluble in petroleum oils and various organic solvents.

TOXICOLOGICAL

1) Toxicity for higher animals: No data available to this compilation.

2) Toxicity for insects:
a) Comparative toxicity of Lauseto Neu and other compounds for Cimex lectulariug, and Pediculus humanus
corporis, as contact sprays in white (P31)oil, the solutions applied at the rate of 0.36 mg spray/cm- :

Insecticide LC,, (% Concentration) At Deposit of 0.36 mg/cm®
Cimex lectularius Pediculus humanus corporis
Lauseto Neu 0.2 0.1
Lindane .05 .02
DDT .3 .3
Methoxychlor .5 .9
DDD 1.2 .9
DFDT 5.0 1.4
Lethane ® 384 — 1.5
Lauryl thiocyanate — 5.0
Lethane ® 60 - 8.1

b} Vs. Pyrausta nubilalis {larva) at 1 1b per 100 gallons spray vielded 100% control without plant injury.
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p-CHLOROPHENYL BENZENE SULFONATE
(4-Chlorophenyl benzene sulfonate; PCBS;
PCPBS; PCl; Murvesco.}

9
SO cl
é‘) Molecular weight: 284.707
GENERAL [Refs.: 1953, 2231, 1774, 1810, 2589, 1513, 1511, 353]

An acaricide, closely related to OQvotran ® {p-chlorophenyl-p-chlorobenzene sulfonate) g.v., recently {1952)
brought forward as an experimental acaricide. Some tests have indicated an ovicidal action (vs. Tetranychus
bimaculatus) inferior to that of Ovotran ®: other experimenters have gotten results vs. Tetranychus telarius,
Metatetranychus ulmi showing equal, or greater ovic¢idal action when compared with Ovotran®., Marked {oxicity
to summer eggs of Metatetranychus ulmi. More toxic than lead arsenate for Carpocapsa pomonella (codling moth).

PHYSICAL, CHEMICAL

Pure, a colorless crystalline solid, commercial product: Off-white to pink; m.p. 61-62°C (pure) 56-69°C (com-
mercial); virtually insoluble in Hz0; soluble in polar and aromatic organic solvents; hydrolyzes in presence of
alkali to phenol and alkali sulfonate; compatible with commonly used spray materials. Formulated as greenhouse
aerosols, 20% wettable powders, miscible concentrates (used at 0.025-0.05% active).

TOXICOLOGICAL

1) Toxicity for higher animals:
a) No dataz available; by analogy with Ovotran ® probably not highly toxic,

2) Phytotoxicity:
4) Not to be applied to Cucurbitaceae or to young tomatoes in the greenhouse; suspected of fruit damage 1953, 333
in apple orchards. Not phytotoxic for many apple varieties, pear, plum, damson, peach, black currant, 1511
hop varieties nor, under glass, to carnations, older tomatoes. The damage to cucurbits takes the form of
shoot hardening. The damage to some varieties of apple {England) occurs under hot, dry conditions and
strong sunlight, with symptoms of damage slow to develop.
3) Toxicity for acarines, insects:

a) Toxicity of p-chlorophenyl benzene sulfonate for Tetranychus bimaculatus and Epilachna varivestis (3rd 1774
instar) compared with certain other substituted phenyl benzene sulfonates:

O
x@—%—O—@y (** = p-chlorophenyl benzene sulfonate.}
o

Ring Substitution Minimum LD,y {(Ibs/100 gal) For
atx at ¥ Tetranychus bimaculatus Epilachna varivestis (3rd instar)
Ralt  Feg
unsubstituted unsubstituted > 3.0 > 3.0 > 3.0
% " 4-chloro 3.0 3.0 3.0
4-chloroe unsupstituted > 3.0 3.0 3.0
4-ehloro 4-chloro (Ovotran ®) > 3.0 0.06 0.5
4-chloro 2,4-di-chloro > 3.0 > 3.0 > 3.0
4-chloro 2,4,5-tri-chloro > 3.0 > 3.0 > 3.0
4-chloro 2,4,6-tri-chloro > 3.0 > 3.0 > 3.0
4-chloro tetrachloro > 3.0 > 3.0 > 3.0
4-~-chloro pentachloro > 30 > 3.0 3.0
4-chloro 4-bromo > 3.0 0.25 1.0
4-chloro 4-methyl > 3.0 > 3.0 > 3.0
4-chloro 2-zec-butyl > 3.0 3.0 3.0
4-chloro 4-tert-butyl > 3.0 > 3.0 > 3.0
4-chloro 2-allyl >1.0 >1.0 >1.0
4-chloro 4-methallyl > 3.0 > 3.0 3.0
4-chloro 4-methoxy > 3.0 > 3.0 1.0
4-chloro 4-nitro > 3.0 > 3.0 > 3.0
4-chloro 2-cyclohexyl-4,6-dinitro >1.0 >1.0 >1.0
4-chloro 2-phenyl 3.0 >3.0 > 3.0
4-bromo 4-chloro > 3.0 0.5 2.0
4-bromo 4-bromo > 3.0 >0.5 > 3.0
3-nitro 4-chloro > 3.0 >3.0 > 3.0
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35. p-CHLOROPHENYL-p-CHLOROBENZENE SULFONATE 179

b) Applied directly, as 5% spray or dust, to Periplaneta americana, no deaths occurred among the .. eated in- 1011
sects which were freed of mites, with restoration of full vigor to the colony.
c) Liponyssus bacoti (tropical rat mite), controlled on white mice by 10% dusts, applied in twice weekly treat- 1011
ments in less than 1 month. No toxic symptoms observed in the mice.
d) Field experiments with p-chlorophenyl benzene sulfonate to control Metatetranychus ulmi on apple trees: 1511
(1) Applied as a 20% wettable powder at 2 1/2 Ibs/100 gal {U.K.) (1/2 1Ib active ingredient) + 8§ {luid oz 20%
miscible parathion: Egg count at start / 180 leaves = 3911, mite count at start / 180 leaves = 4946,
10 days after spraying eggs / 180 leaves = 2057, mites / 180 leaves = 11; 20 days after treatment eggs
/ 180 leaves = 31, mites / 180 leaves = 17. By contrast trees sprayed with diphenyl sulfone at 1 1b/100
gal (U.K.) with parathion 8 fluid oz 20% miscible with egg, mite count / 180 leaves at start of 1801, 1841
showed, in 10 days after treatment, eggs, mites/180 leaves = 1955, 129, and 20 days after treatment
eggs, mites / 180 leaves = 3073, 4597. Treatments in June.
(2) Two treatments of 20% wettable powder at 2.5 1bs/100 gal {U.K,); Initial count / 180 leaves eggs = 215,
mites = 88, in the experimental, and 114, 70 in the control, plot with treatments 16 days apart; 9 days after
final treatment eggs / 180 leaves = 0, mites / 180 leaves = 0 (experimental plot} eggs, mites / 180 leaves =
961, 560 (control plot).
(3) 20% wettable powder at 3 3/4, 21/2, 1 1/4 1bs {3/4, 1/2, 1/4 1bs actual active ingredient) in two applica-
tions at 10-14 days interval gave practically 100% control of Metatetranychus ulmi. Results were equal-
ly good with one application supplemented by parathion at 0.01%, rotenone at 0.004%. Wettable powders
slightly > effective than miscible concentrates, Not effective against winter eggs of M. ulmi,
e} Greenhouse experiences with p-chlorophenyl benzene sulfonate as an aerosol at 5g/ 1000ft® and as a thermal 1511
smoke to control Tetranychus telarius:
(1) High degree of control obtained,
(2) Eggs were efficiently killed when PCBS was on upper, and eggs on underside, of leaves. Marked con-
trast to action of diphenyl sulfone.
(3) Residual effect of sprayed surfaces, after use of wet sprays, continued for 4-6 weeks.
(4) Prevented egg hatching, killed newly hatched mites. Not highly effective against adults, but the eggs
taid by these were either prevented from hatching, or, if hatched, the young were killed.
{5) Slow acting; one month required for full effect.
f) Recommended use: 1/4 1b/100 gal (U.K.) with parathion 0.01%, or rotenone 0.004%.
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p-CHLOROPHENYL -p-CHLOROBENZENE SULFONATE
(4-Chlorophenyl -4-chlorobenzene sulfo-
nate; Ovotran®; K-6451.)

O
Il
Cl —80— Cl Molecular weight: 303,16
1l
O
GENERAL [Refs.: 118, 117, 191, 1638, 1812, 1811, 2851, 2867]

An acaricide highly toxic for eggs and immature stages of phytophagous mites, but comparatively ineffective, and
with little ‘*knockdown’’ potential, for adult stages. Possesses an effective residual ovicidal action, and some con-
tact toxicity through the leaf surface, killing on the side of, or face of, the leaf opposite to that on which it is de-
posited. No systemic action is present. Used as an aerosol, controls the hatching young of the acaricide resis-
tant strain of red spider mites, when used at dosages decidedly higher than those needed for non-resistants. The
residual toxicity mentioned above is marked for eggs and newly hatched mites, but is low for aduits. These sur-
vive in great number to deposit eggs which, however, generally are killed before hatching, or the newly-hatched
immafiure mites are killed on the residues. Addiiions of parathion, at 8 oz per acre, to Qvotran ® permits high
initial kills of Paratetranychus citri, as do additions of bis-(p-chlorophenoxy)-methane, Aramite ® | TEPP, tetra-
ethyl dithiophosphate (ASP-47). “These additions, however, do not extend the residual control, nor result, on ¢itrus,
in significantly more effective ultimate control. See the section titled Miticides of Acaricides.

PHYSICAL, CHEMICAL

Crystalline, colorless or white to tan, flaky, solid; m.p. 86.5°C; v.p. low; virtually insoluble in water; soluble in
petroleum oils and many organic solvents for instance {as g/100 g solvent at 25°C) acetone: 130, carbon tetra-
chloride: 41, cyclohexanone 110, 95% etharol: 1.4, ethylene dichloride: 110, Deobase oil: 2, Shell 8230 oil:
2.7, Velsicol AR-60: 52, xylene: 78; very stable, although hydrolyzed by alkalis; compatible with most spray
materials, Formulated as 50% wettable powders, dusts, aerosols or miscible o0il concentrates.



180 35. p-CHLOROPHENYL-p-CHLOROBENZENE SULFONATE

TOXICOLOGICAL

1) Acute toxicity, higher animals:

Animal Route Dose Dosage {g/k)
Rat or LDy, 2,05

2) Chronic toxicity, higher animals:
a) Rats, receiving in diet 300 ppm for 130 days, tolerated Ovotran® without overt, or histologically demon-
strable, ill effects; at 1000 ppm the beginnings of liver injury were noted.
b) Reported to have caused both liver and kidney damage in animals undergoing chronic toxicity tests.
¢} May produce skin irritation in human subjects.
d) Generally, to be considered of low mammalian toxicity.

3

—

Phytotoxicity:

a) Has been used successfully without damage, under proper conditions, on cotton, deciduous fruits, nut trees,
ornamentals.

b) ‘‘Russetting’’ of apples, pears, and damage to hops has been reported and injury to raspberries sus~

pected. 129,

¢) Safe on roses only in the spring and summer; in seasons of shorter day length leaf drop was marked.
{1} As spray, controls resistant red spider mites, but may produce injury, and induces leaf drop during
shorter days.
d} On citrus trees, orange, lemon, at 4 Ibs per 100 gallons and 1500 gals per acre, with temperatures for 10
successive days at 95°F or above, there occurred no injury to fruits or mature leaves of citrus; a slight
pitting of the underside of young leaves of lemon was noted.

4) Toxicity for acarines:
2) Dvicidal activity of substituted phenyl benzene sulfonates; structure and miticidal activity. [after Ref. 2231
quoting 1744, 1811, 2851.]

2

R Q R
O
&

R R’ LC 0 (Ibs/ 100 gals) LC,, (%)
- — Tetranychus bimaculatus  Tetranychus telarius
(Ovotran ® ) 4-C1 4-Cl 0.06 0.033
F i G >3 051
H 4-Cl 3 014
4-C1 H 3 .67
H 2,4-di-Cl — .053
4-Cl 2,4-di-C1 >3 .32
2,4-di-C1 4-C1 —_ > .5
2,4-di-Cl 3} — .3
4-Cl 2,4 5-tri-Cl >3 —
2,4-di-C1 2,4-di-C1 >3 > Q0.5
4-Cl1 2,3,4,6-tetra-Cl >3 —
4-Cl penta-Cl >3 —_
4-Cl 4-Br 0.25 —_
4-Br 4-C1 5 —
4-Br 4-Br > b —
4-Cl 4-CH, >3 —
4-C1 4-0CH, >3 —
4-Cl 4-NO: >3 —
3-NO: 4-Cl1 >3 —
4-C1 4-C{CH;), >3 —
4-Cl 2-C, H; >3 —

b) LC,, {g/100 cc) of Ovotran ® for developmental stages of Tetranychus bimaculatus, placed on bean leaves
treated in the settling tower (method of Ebeling and Pence):

LC,, (/100 ce) 2 Days Following Treatment
ovotran ® as Adult Larva Egg Adult {On Leaf Surface QOpposite
Treated Surface}

Emulsifiable concentrate 45 019 076 >5.0
Wettable powder 4.25 .028 .109 > 5.0

c} Toxicity of Ovotran ® for Tetranychus bimaculatus:
{1) Residual toxicity in greenhouse tests on Phaseolus coccineus (scarlet runner bean).

1bs/ 100 gals % Mortality At Days Between Spraying and Infesting Plants
Formulation Active ingredient 1day 3days T7days 10 days 14 days

50% powder 2.0 1.0 90.3 75.6 82.8 91.4 80.3
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35, p~-CHLOROPHENYL-p-CHLOROBENZENE SULFONATE

(2) Residual toxicity to Tetranychus bimaculatus, using 50% wettable powder at 2 lbs per 100 gali.as, in
greenhouse tests on Phaseolus coccineus; more than 1000 mites examined in every instance:

Days Between Spraying % Mortality After
and Infesting Plants 7 days 14 days 21 days
1 77.3 90.3 93.9
2 45,4 84.0 81.1
3 33.6 75.6 83.8
4 60.4 73.8 81.9
5 89.3 87.4 89.1
6 80.4 90.7 85.6
7 62,4 82.8 91.2
10 87.0 91.4 90.2
14 69.1 80.3 85.8
Control 5.6 3.4 2.9

(3) Residual ovicidal toxicity, Ovotran ® as 50% wettable powder at 3 1bs per 100 galions; greenhouse tests;
6 mature ¢ Tetranychus bimaculatus/plant remaining for 5-6 days:

Days Between Spraying Age of Residue On Days From Spraying Total Eggs % Mortality
and Infesting Which Eggs Laid To Examination Laid Of Eggs

1 1-5 14 146 91.8

6 6-11 1% 261 85.5

19 10-18 23 261 99.2

15 15-20 28 182 86.3

20 20-25 33 180 85.6

24 24-29 37 198 80.9

27 27-32 40 186 8.5

29 29-34 42 51 451

3 31-36 44 82 24.4

38 38-43 52 112 16.1

45 45-50 59 40 5.0
Control 172 7.0

" 138 5.1

" 156 23.7

{4) For comparison with (2}, residual toxicity of 2,4-dichlorophenyl benzene sulfonate (Miticide 923), used
as a 50% emulsifiable concentrate at 1 ; 400 against Tetranychus bimaculatus on Phaseolus coccineus;
ca 700 mites examined in each case:;

Days Between Spray % Mortality After

and Infesting Plants 7 days 14 days

1 73.4 46.8

2 37.7 15.0

3 39.8 41.6

4 39.4 28.1

5 28.8 37.5

6 23.0 10.5

7 33.6 12.1

10 60.8 326

14 14,8 27.6

Control 3.4 2.6

Eggs produced by surviving mature females survived the residues in great number.

d) Tetranvchus pacificus: Poor control using Ovotran ® as wettable powder at 1.5 1bs/100 gal, although 1 1b/
100 gals gave good control of Tetranychus bimaculatus, Metatetranychus ulmi, Eotetranychus carpini bor-
ealis, Bryobia praetiosa in apple orchards under Pacific Northwest conditions. -

e} Aceria sheldoni: Peor to no control with Ovotran® as wettable powder, emulsifiable concentrate, on citrus
trees,

f} Paratetranychus pratensis: On wheat, less than 75% mortality using Ovotran®,

g) Half-life of Ovotran® on citrus peel = 10 days

h) Effect of Ovotran® as a spray at various dosages, at rate of 1600 gals/acre, in citrus orchards, for Para-
tetranychus citri; compared with medium petroleum oil. Average number of adult mites / 32 leaf sample:

Orchard Sprayed Test Interval Ovoiran @ Petroleum Oil
{days) Dosage/ 100 gal Av No./Sample Dosage/100 gal Av No./Sample
1 May 88 5oz 0.7 1.75 gal 0.4
11 July 73 8 oz 2.0 1.75 gal 4.0
111 October 304 16 oz 18.0 1.7 gal 25.0

32 oz 5.0

181
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Compared with bis-(p-chlorophenoxy)-methane. Average number adults/32 leaf sample:

Orchard Sprayed Test Interval  Dosage (lbs/acre) Qvotran® Bis-{p-chlorophenoxy)methane
(Days} Av No/Sample Av No/Sample
Lemon Qctober 304 16 14 43
Lemon July 73 8 2 7
{ 2 38
QOrange March 90 4 17 51
:] 12
5 0 12
Lemon July 91 { 10 0 4
4 4
Orange April 96 { 8 3 8
5 2
Orange April 106 { 10 1 3
4 3
6 4 i
Orange March 138 8 2 4
12 1
Lemon September 244 { 12 1 2
16 0 153
Used as semi-concenirates at 200 gals/acre.
Qrange May 15 4 1 48
Orange May 25 4(+DDT 6 lbs/acre)l 11
Orange May 42 4 1 27
Qrange March 58 6 1 8
Orange May 58 4(+DDT 6 lbs/acre)l 11
Orange April 62 4.8 0 21
Orange March 64 3.0 1 4
QOrange May 92 3.8 6 6
Orange October 304 6 (at 400/gal/acre) 2 74

36

p-CHLOROPHENYL PHENYL SULFONE

(4-Chlorodiphenyl sulfone; R-242; Sulfe-

none®; Sulphenone.}

[0}
Il
Cl -8
g Molecular weight: 253
GENERAL [Refs.: 1933, 1953, 191, 1698, 1812, 500, 214, 129, 1801, 1459]

An acaricide of restricted insecticidal action which shows effective residual toxicity and ovicidal action for
Tetranychus bimaculatus and other phytophagous mites. Also see the general treatment of Miticides or Acari-

cides in this work. Of little toxicity to honeybees and beneficial insects.

PHYSICAL, CHEMICAL

A white solid, or colorless crystals; m.p. 98°C, said to exist in 2 forms of m.p. 30°C and 94°C; virtually insolubie
in water; slightly soluble in petroleum oils; readily soluble in polar and aromatic organic solvents; solubility

(in g/ 100g solvent) acetone: 74.4, dioxane: 65.6; isopropanol: 2.1; n-hexane: 0.4; benzene: 44.4; toluene: 28.4;
xylene: 18.2; carbon tetrachloride; 4.9; stable toward acids, alkalis, oxidants and reductants, at normal temper-
atures; compatible with commonly employed spray substances; tasteless; aromatic odor; the technical product
contains small quantities of diphenyl sulfone and p,p’-dichlorodiphenyl sulfone. Formulated as 40-50% wettable

powders, 25% emulsions, dusts; wettable powders used at 2-3 1bs/ 100 gallons,
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TOXICOLOGICAL
1) Toxicity for higher animals;
Animal Route Dose Dosage (z/k) Remarks
Mouse (albino) or LDy, 2.7 Crude compound. 129, 1459
" " ip LD, 1.0 " "
Rat " or LD, >1.4 " " 129, 1953, 1459
" ' ip LD, ca 0.5 Pure compound.
Mouse g or LD, 3.65 Toxicity for rats is of the same order. 3319
Rat or LD, > 20 1459
a) Mice, receiving in the diet 100 ppm for 12 months, showed no overt signs of intoxication. 128
b) Rats, receiving in the diet 1000 ppm for 2 months, showed no signs of intoxication. 3319
¢) No evidences of chronic toxicity, or dermal irritation, in exposed rats. 1953
d) 10, 100, 1000 ppm in diet, rat, for >2 yra yielded retardation in weight gain only at 1000 ppm. 1459
10, 50, 100 mg/K/day, dog, yielded non-specific toxicity only at 100 mg/K/day. 1459
Repeated skin tests at 1g/K, in oil solution, rabbit, Guinea Pig, gave negative results. 1459
Transient irritation was observed in eye tests on rabbit, 14598
Non-sensitizing to the Guinea pig. . 1459
Storage in tissues of rat and dog was insignificant. Sulfenone® is deemed to provide a wide margin of 1459
safety,
2) Phytotoxicity:
a) Not recommended for use on pears (save Bartlett or D’A.njou), grapes, sensitive greenhouse plants, 129, 1953
Cucurbitaceae, apple varieties susceptible to ‘‘russetting.”’
(1) Dusts are less phytotoxic than sprays, and organic sclvents may enhance phytotoxic action and damage. 129
(2) Not phytotoxic for citrus fruits, 1698
3) Toxicity for acarines:
a) Structure and toxicity in substituted diphenyl sulfones: 900
R o R
0
R R Concentration (%) % Mortality, Metateranychus ulmi
Summer Eggs Adults
(p-Chlorophenyl phenyl sulfone) 4-C1 H 0.1 96.0 80.9
" 1 " 0.025 75.9 65.6
H H 0.1 98.1 69.3
n " 0.025 83.3 63.1
4-C1 4-C1 0.1 0 —
i " 0.025 _ 54.1
4-C1 4-CH, 0.1 30.7 50.3
2,4-di-NQ. 4-CH, 0.1 0 30.8
2-0H, 5-CH, 2-0H, 5-CH; 0.1 0 8.6
3-Cl, 4-0OH 3-Cl, 4-QH 0.1 3.9 45.0
2-0H, 5-Cl 2-0H, 5-Cl 0.1 4.4 50.8
2-CH,, 4-OH 2-CH,, 4-OH 0.1 o 24.8
3-CH,, 4-0H 3-CH,, 4-0H 0.1 0] 7.5
3-NH: 3-NH: 0.1 0 10.8
b) Sulfenone ® v, developmental stages of Tetranychus bimaculatus, placed on bean leaves treated in settling 805
tower by method of Ebeling and Pence:
Formulation LCy, (g/100 cc., 2 days post-treatment)
Adult Larva Egg Adult On Leaf Surface Opposite to Treated
— Surface
Emulsion concentrate .21 .23 .35 4.6
Wettable powder .27 .26 .89 > 5.0
c) Sulfenone ® vs. Metatetranychus ulmi on Northern Spy apple, field tests, New York 1952; used as 50% wet- 1990

table powder:

Dosage/100 gallons % Reduction In Mites After Spraying {July 4)
3 days 10 days 17 days
3 ibs 94.4 94.9 94.6
Control {nc. mites hatched/leaf) 239 104 59

For comparison of Sulfenone ® with other acaricides see Miticides or Acaricides, in this work.
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d) Sulfenone ® vs. Septanychus texazona, Tetranychus bimaculatus, on cotton plants; adult mites. Field tests
of miscible oil concentrates, diluted with water, applied at 21.5 gal/acre:

Lbs/acre Active Ingredient Requitred To Give
24 Hrs After Application

50% Mortality of 95% Mortality 50% Mortality of 95% Mortality
Septanychus texazona {adults) Tetranychus bimaculatus (adults)
0.478 3.659 1.712 90.49
(3 days after application)
0.636 20.99 1.95 168.4
(5 days after application)
0.435 7.38 1.108 83.03
Comparative effectiveness:
Days after application Mite Order (> = significantly more effective than)
S. texa~ona parathion > Aramite® > Merthon > Sulfenone®
I_ bimaculatus " 1"t " " T " 1"
3 §. texazona Aramite ® > Sulfenone® > parathion = Merthon
T. bimaculatus  Aramite ® > parathion = Sulfenone ® > Merthon
5 S. texazona parathion = Aramite ® > Sulfenone ® > Merthon
T. bimaculatus parathion > Aramite® = Merthon > Sulfenone®

e} Aceria sheldoni: Poor to no control achieved, using emulsion concentrates and wettable powders of Sul-
fenone ®,

f) Vs. Tetranychus pacificus, Metatetranychus ulmi, Tetranychus bimaculatus, Bryobia praetiosa, Eotetrany-

chus carpini borealis, in apple orchards, Pacific Northwest, Sulfenone ® 40-50% wettable powder at 2-3 1bs/

100 gal gave poor control of T. pacificus, good control of the others with some inferiority {as compared

with Ovotran® ) for E. cargini borealis.

g) Effectiveness of Sulfenone® as a spray to control Paratetranychus citri adults on citrus trees, Scuthern
California conditions:
Orchard Sprayed Test Interval (days) Ibs/acre Av. No, Adult Mites/ 32 Leaf Sample
Sulfenone®  Bis-(p-chlorophencxy)-methane

Orange March 11 3 18 1

" " 11 6 23 -

' " 11 12 27 —

" " 20 4 44 1

" " 20 8 37 —_—

T " 20 12 12 _—

" August 93 4 4 5

" " 133 5 93 35

" " 133 10 12 —
Lemon September 254 12 57 153

" November 257 8 32 4

" " 257 16 18 —_—

" m 257 32 8 —

" " 273 8 29 8

” ' 273 16 19 —

{1} Less effective than bis- {p- chlorophenoxy)-methane; 8-32 Ibs/acre in late summer, fall gave fairly effec-
tive control of P. citri. Early spring treatments were less effective than bis-{p-chlorophenoxy)-meth-
ane, even al much higher desages. Emulsible formulations were less effective than wettable powders.

h) Half life of Sulfenone® on citrus peel = 9-12 days.

i) Sulfencne ® s, Tetranychus bimaculatus; T = fopical treatment after which mites were transferred to un-
treated leaves; R = residue treatment with mites placed on treated leaves; TR = topical treatment, with
mites allowed to remain on treated leaves:

Applied Via Leaf Formulation LC,, (g/100ce) for T. bimaculatus
T R TR
Settling Tower Bean Emulsion 0.93 0.25 0.085
Settling Tower Bean Suspension 5.4 0.45 0.26
Settling Tower Avoecado Emulsion — 0.54 0.29
Settling Tower Avocado Suspension — 0.6 0.48
Sprayer Aveocade Emulsion 0.12 0.11 0.037

Sprayer Avocado Suspension 0.32 0.28 0.11

2277

27

1698

1302
904
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{1} Effectiveness, as residue (R as above), of Sulfenone® and others on bean and avocado leaves, treated in
a settling tower; test organism = Tetranychus bimaculatus:

Compound Formulation LCg, {g/100cc) On

- - Bean Leaves Avocado Leaves
Sulfenone® Emulsion 0,25 0,54
Sulfenone® Suspension 0.45 0.60
Parathion Emulsion 0.0095 0.013
Parathion Suspension 0.0072 0.0081
Aramite Emulsion 0.0031 0.012
Aramite Suspension 0.0035 0.014

37

CHLOROPICRIN  (Trichloronitromethane; Nitrochloroform; Chlor-

picrin.)
CCl;-NO, Molecular weight: 164.39
GENERAL {Also see Fumigants in this work}

[Refs.: 353, 129, 1953, 2815, 757, 1059, 314, 539, 605, 2260, 2669, 2668, 1711,
2949, 2826, 3343]

An insecticidal fumigant, first tested in the United States in 1917, its potential usefulness as an insecticide having
been recognized in Austria in 1907. Toxic for man, it was used as a war gas in combination with more toxic
vapors to induce vomiting, Sometimes added to other gases, for example methyl bromide, hydrogen cyanide, as
a warning agent. Used in the fumigation of stored products and of the soil. On grain and other seeds it may be
sprayed or poured directly and is often combined with carbon tetrachloride or ethylene dichioride to overcome
the low volatility and promote vaporization. In the fumigation of grain or soil, chloropicrin is most effective in
mixture with carbon tetrachloride at the rate of I pound chloropicrin to 1 gallon carbon tetrachloride. In soil
fumigation, direct injection is the method of application although it is alse emulsified in water and sprinkled on
the surface or poured into borings.

Chloropicrin has a disadvantage in being retained by fumigated materials and requiring prolonged airing for re-
moval. It is highly toxic to living plants, and may damage the germination potential of seeds, Hazardous residue
levels may persist for from 1 hour to 1 weck depending on temperature,

Chloropicrin is an effective weed killer, is effectively toxic for nematodes and fungicidal for many soil-borne
pathogens with the exception of those forming sclerotia.

In closed top bins, chlorepicrin may be applied by garden sprayer at 1.5-2 lbs per 1000 ft? to the space above the
grain; mixtures of 20% chloropicrin and 80% methyl bromide may be similarly used. The latter mixture is espec-
ially useful in atmospheric vaults for fumigation of dried foods. Chloropicrin is also an extensively used local or
ssgpot’’ fumigant, It has proved effective in controlling Japanese beetle grubs in the soil of nurseries, green-
houses and in quarantine treatment of potting material in plant-growing establishments. Useful in the protection
of elevator-stored grains.

Chloropicrin is apparently toxic to all insects.

PHYSICAL, CHEMICAL

A colorless liquid, at room temperatures; non-flammable; of intense odor; exceedingly lachrymatory, nauseating,
and vomitory, with extreme irritation of eyes, throat; m.p. -64°C; b.p. 112.4°C; d*¥ 1.651 (as liquid), ca. 5.7 times
as heavy as air; nzI“; 1.46; v.p. 5.7 mmHg at 0°C, 18.3 mmHg at 20°C, 23,8 mmHg at 25°C; vapor saturation at

25°C in mg/1 = 212, 10 lbs/1000 £ = maximum which can exist as a vapor at 68°F; bulk density: 275 cc = 1 Ib,
13.8 1bs = 1 gallon; freezing point -69°C; scluble in water at 1 part: 400 parts at 0°C, 2.27g/liter at 0°C; soluble
in alcohol, ether; non-corrosive, relatively inert chemically, Sufficiently irritating to be self-warning, thus
reducing the toxic hazard; detectable at 1,25 ppm; lachrymatory at 2.4 ppm; sternutatory at 17 ppm; throat
irritation at 11 ppm.

Formulations: Used alone or in combination with methyl bromide, ethylene dichloride, carbon tetrachloride, etc.

185
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1} Maximum amount of chloropicrin which can exist as a vapor in a 1000 ft3

37. CHLOROPICRIN

peratures:;
Temperature(°F) V.P. (mm Hg)  Maximum As Vapor {lbs/1000 ft?)
32 8.7 3.4
59 13.8 B
68 i8.3 10
7 23.8 13
86 31.0 17
95 40,0 21
104 51,0 27
113 5.0 34
122 81,0 42

a) 1 mg/1=149.1 ppm; 1 ppm = .00671 mg/1.

2) Sorption and penetration of chloropierin by and through patent flour:

a) 78.3 mg sorbed by flour at 5 hrs exposure, 25°C, to 200 m
sorption ratio (CS,;=1) = 7.2.
b} 65.1 mg passed through patent flour after 24 hrs e

ratio (CS,= 1) = 0.42,

TOXICOLOGICAL

1} Acute toxicity for higher animals:

Animal Route Dose
Rabbit ip LD
Rabbit iv MLD
Cat sc LD
Guinea Pig inh LC
Rabbit” inh LC
Rabbit inh LC
Cat inh LC
Dog inh LCy
Mammals inh LC
Mammals inh LC
Mammals inh LC

a) Maximum concentration tolerated for 1 hour without serious s
= 1.0 ppm or 0.007 mg/1.

Dosage Remarks

500 mg/k Death in 20 min—2 hrs.
10 mg/k
call mg/k

0.8 mg/1, 110 ppm Exposure 20 min; death in 2 days.
0.8 mg/1, 110 ppm Exposure 20 min; death in 3 days.

5 mg/l, 742 ppm Exposure continuous; death in 30 min.
0.8 mg/1, 110 ppm Exposure 20 min; death in 14 days.

0.8 mg/1, 120 ppm Exposure 30 min.
2 mg/l Exposure 10 min,
0.05 0z/1000 ft* Exposure 10 min.
2400 mg/m3 Exposure 1 min,

b) Frequent exposure to sub-acute quantities enhances sensitivity to chloropicrin.

¢} The extreme irritation aroused by chlorop
edema which may prove fatal,
d} Chloropicrin is an active inhibitor of sulihydryl containing enzymes,

2

—

Wildlife:

a) Even in low concentration, hazardous and generally toxic to most kinds of wildlife.

3) Phytotoxicity

a) At properly applied insecticidal levels hazard may be controlled.

b} Very toxic when injected into soil and must not be applied near growing plants.
c¢) Said to injure seriously the germination capacity of radish and alfalfa seed.

d) Apparently may be used safely in the fumigation of seed peas.

4) Toxicity for insects:

a) Toxicity of ehloropicrin for 8 species of stored products insects:
{1) Exposed at 70°F in 100 {i3 empty fumatoria; adult insects:

Insect

Acanthoscelides obtectus
Oryzaephilus surinamensis
Rhizopertha dominica
Sitophilus granarius
Sitophilus oryzae
Stegobium paniceum
Tribolum confusum
Zgbrotes pectoralis

Exposure 2 hrs

Exposure 6 hrs

fumigating chamber at various tem-

g chioropicrin per liter at standard pressure;

xposure at standard temperature, pressure; penetration

ymptoms (based on studies with Guinea pigs)

icrin in the pulmonary alveolar membranes may result in an

LCyy {me/1) LCy (mg/1}) LD, (mg/l) LCg {mg/1)
1.5 2.8 <15 <1.5
3.5 10.0 <1.5 3.2
45 10.5 <15 2.6
16.0 34.5 3.4 8.0
7.5 28.0 <15 3.9
5.5 16.0 1.9 3.4
23.5 31.0 6.4 3.0
1.7 2.9 <15 1.5

2621

2815
3013

2147
1173
1173
2656
2656
2147
2656
1663
2221

129

129

1665

3343

2231

129

353
353
353
341

2003
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b) Other data, toxicity for insects, quantitative: (For comparisons of chloropierin with other fumigants see

Fumigants in this work)
Insect

Aonidiella (=Chrysomphalus) aurantii

Aonidiella aurantii
Aonidiella aurantii
Attagenus piceus (larva)
Attagenus piceus (adult)
Bruchus obtectus (adult)

Limonius californicus (larva)
Limonius californicus (larva)
Limonius californicus (larva)

Limonius canus (larva)
Oryzaephilus surinamensis (adult) |
Plodia interpunctella {larva)
Rhizopertha dominica (adult)
Sitophilus granarius (adult)
Sitophilus granarius (adult)
Sitophilus oryzae (adult)
Sitophilus oryzae (adult)
Tribolium castaneum (adult)
Tribolium confusum (egg)
Tribolium confusum {egg)

Tribolium confusum (adult)

Tribolium confusum (adult)

Tribolium confusum (adult)
Tribolium confusum (adult)
Tribolium confusum (adult)

Tribolium confusum {adult)
Tribolium confusum {adult)
Tribolium confusum {(adult)
Tribolium confusum (adult)

Tribolium confusum {adult)

in empty fumigation flasks:
Temperature (°C)

35
30
25
20
15
10

5

0

Fumig LC, 0.7 mg/l Relative toxicity (C8:=1) 45.9.
Fumig LC,ca0.86 mg/1 " " " 45,9
Fumig LC,, 4.8 mg/1 Exp. 5 hrs, T7°F in 1 1 flasks with 500
g soil,
Fumig Lc50 4.8 mg/l L] " (1 1" i "
Fumig LC, 1.4 mg/l Exp. 5 hrs, 25°C, flask fumigation,
Fumig LC,, 2.25 mg/l Exp. 5 hrs, 25°C, flask fumigation.
Fumig LC, 0.7% mg/1 Exp. 9 hrs, 256°C, flask fumigation.
Fumig LC, 50 mg/l Exp. 5 hrs, 256°C, flask fumigation.
Fumig LC,, 21.0 mg/l Exp. 5 hrs, 25°C, flask fumigation.
Fumig LC,, 2.0 mg/t Exp. 5 hrs, 256°C, flask fumigation.
Fumig LCy 15.2 mg/1 Exp. 5 hrs, 25°C, flask fumigation.
Fumig LC, 2.4 mg/l Exp. 5 hrs, 25°C, flask fumigation.
Fumig LC,, 45 mg/l Exp. 5 hrs, 25°C, rel. humidity no> 10%.
Fumig LC, 18 mg/l Exp. 5 hrs, 25°C, relative humidity
50-70%.
Fumig LG, 4.4 mg/l Exp. 5 hrs, 25°C, relative humidity no
> 10%.
Fumig 1LC, 4.4 mg/l Exp. 5 hrs, 25°C, relative humidity
50-70%,
Fumig 1C, 4.6 mg/l Exp. 5 hrs, 25°C, flask fumigation,
Fumig 1LC,, 5.0 mg/l Exposed at 25°C.
Fumig 1C,, 3.9 mg/l 25°C, 760 mm Hg no absorbing sub-
stance present.
Fumig LC,, 35.5 mg/l 25°C, 760 mm Hg in presence of flour.
Fumig LC,, 7.0 mg/l Exp. 5 hrs, 25°C, flask fumigation.
Fumig LC,y, 2 0z/100 ft? Exp. 2 hrs, 7T2°F, empty tank fumigation,
Fumig — 48 0z/100 {3 Exp. 2 hrs, T2°F, 100% kill not achieved
in tank filled with raw peanuts,
Fumig LCyx 4.0 mg/l Exp. 5 hrs, 25°C, flask fumigation.
¢} Influence of temperature on the toxicity of chloropicrin for Tribolium confusum adults, exposed for 5 hrs.
LGy, (mg/1) LCyo(mg/1)
1.8 2.4
2.8 5.0
4.6 7.0
5.9 89
7.1 12.3
11.5 15.7
7.8 15.4
4.6 8.6

Route Dose Dosage
Fumig ca LC, 8.8 mg/l
Fumig ec¢a LC, 10.0 mg/1
Fumig ca LC, 9.5 mg/}
Fumig LC,, 5.0 mg/l
Fumig LC, 1.3 mg/l
Fumig LC,, <1.3 mg/1
Fumig LC,, 4.613 mg/t
Fumig LC,, 1.87 mg/l
Fumig LC,, 2.233 mg/1
Fumig LCy 5.0 mg/l
Fumig LC95-LC10$ 2.75 ].T.lg/I
Fumig LCy-LC,,, 5-6 mg/1
Fumig LCy,-LC,, 3 mg/1

Remarks

Exp. 25 min, 25°C; +L5 mg/l HCN,
30% survival.
Exp. 25 min, 25°C; 25% survival.

. 5 hrs, 25°C empty flasks.

. 5 hrs, 25°C empty flasks,

. 9 hrs, 25°C flask fumigation.

. 5 hrs, 25°C, in 6.4 1 flasks.

. 5 hrs, 25°C, in 6.4 1 flasks.

. & hrs, 25°C, in 6.4 1 flasks,

. 5 hrs, 25°C, empty flasks.

. 5 hrs, 25°C, in 121 glass flasks.

1 "

133 1

d) Minimum time of exposure of Tribolium confusum adults to chloropicrin at various temperatures, concen-

trations, for 100% mortality:
Temperature (°C)

35
30
25
20
15
10

1 1b/1000 it*

2 1bs/1000 £1*

3 1bs/1000 ft°

1 hr 15 min 31 min 15-21 min

1 hr 45 min 35 min 25 min

2 hrs 15 min 50 min 30 min

2 hrs 15 min 1 hr 10 min 40 min

3 hrs 50 min 2 hrs 1 hr

4 hrs 30 min 2 hrs 40 min 1 hr 20 min

. 25 min, 25°C;+ 5% CQ: 8% survival.

187

669

669

669
2817
2817
2816
1292
1292
1292
2622
2622
2622
2622
1957
1957

1958
1858
2816
2817
2817
2816
2816
2816
2816
2816
2008

2008
2008

208
2816
156

1013
1013
2816

607

607
2816

2816

2096
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) Relative susceptibility to chloropicrin of life cycle stages of Tribolium confusum, arranged from most 2003, 2008
susceptible to least susceptible:

Larva > Adult > Pupa > Egg

f) Dosages of chloropicrin required to yield 100% kills of some stored grain insects in bagged grain: 1827
Insect Dosage for 100% Mortality {lb/ 1000 ft%)
Laemophoeus minutus 1
Rhizopertha dominica 1
Sitophilus granarius 1.5
Tribolium castaneum 3
The foregoing as mixed ‘“‘population®’ 3
+ Sitophilus oryzae
g} Dosages of chloropicrin needed for 100% kills of Tribolium castaneum in wheat and other products in 1827
various types of container:
Type of sack Fumigation By Injection Method Fumigation By Vault Method {24 hr