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FOREWORD

One of the most serious problems affecting the world’s food supply is the enormous
direct and indirect damage dene by imsects and other pests to agricultural crops and
livestock. EBach year the losses to agriculture caused by insects alone amount to thousands
of millions of dollars; but in many regions of the world the true losses must be measured,
not in money, but in terms of the misery, disease and loss of productivity that a serious
food shortage entails. These losses can be diminished only by controlling or eliminating
insects and other pests.

For some considerable time man has been fighting constantly against the innumerable
insects which attack crops, livestock and health. Millions of tons of chemical poisons
are used in this battle each year. But the use of these weapons has introduced new problems.
Insects have, for instance, shown a capacity for developing resistance to these toxic substances
so that new insecticides constantly have to be developed. Furthermore, the chemicals
used are often toxic to animals and even to man himself. Long-lasting insecticide residues
on consumable crops therefore present a potential hazard to public health.

Although radicisotopes are not a universal panacea, they ptay a unique role in opening
several new avenues for research and an approach to new control methods, Research
with radioisotopes improves understanding of the physiology and behaviour of insects
and of their biochemical processes. This knowledge is essential for the development of
better control techniques and more effective insecticides.

In radiation man has found a new and additional weapon for eliminating insect popula-
tions. The direct killing effect of radiation can, for instance, be used in the disinfestation
of stored products. Another effect of radiation is the induction of sterility or lethal mutations
which has already proved to be of extreme practical value, especially when used on insect
populations already reduced to small numbers by insecticides.

The Proceedings now published give the record of the Symposium on Radioisotopes
and Radiation in Entomology, held in Bombay at the invitation of the Indian Government.
It was the first meeting organized by the IAEA in Asia. It discussed the above-mentioned
problems and showed that radioisotopes and radiation are tools of real proved value of
even greater potential than had previously been realized. It is hoped that the proceedings
will be a valuable source of information to agricultural scientists and authorities.

The Agency’s sincere thanks are due to the Indian Government, who so generously
provided facilities and thus greatly assisted the Agency in the organization and conduct
of the Symposium.
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OPENING ADDRESS
delivered by
Dr. H, I. BHABHA, Chairman, Indian Atomic Energy Commission, Bombay

Mr. Chairman, Chief Minister, Ladies and Gentlemen,

It is my very pleasant duty today to welcome. on behalf of the Government of India the
representatives of the International Atomic Encrgy Agency, which in co-operation with
the Indian Atomic Fnergy Commission has organized this Symposium, and the many
distinguished scientists who have come from many countries to participate in it. It secems
to me particularly fitting that the Chief Minister of Maharashtra should be with us today
to inaugurate this Symposium, since Bombay is today the largest scientific centre in the
country. There are institutions in this city which have made important contributions to
science since the beginning of this century, historic contributions in the field of medical
research and the prevention of disease, there is an institute which is the national centre for
fundamental rescarch and one of our largest national laboratories, and then there is the
Atomic Energy Establishment at Trombay with which we are particularly concerned, and
which is by far the largest scientific centre in the country, being comparable in the number
of its scientific workers and the scale of its operations to practically all the other national
laboratories put together.

The theme of this Symposium is radioisotopes and radiation in entomology. In a historic
sense, the radicisotope technique ushered in a new era in our scientific thinking, It is new
in terms of historical development. I believe I am right in saying that in entomology this
unique tool found its first applicationin 1931 when lead-212 arsenite was used to investigate the
permeability of the gut wall of the silk worm. During the three decades since that pioneering
effort a multiplicity of problems not only in entomology but in almost every field of human
endeavour has been scanned by this incredibly versatile technique. In their scope and
applicability thevy encompass a wide specirum of conditions and situations relating to
insects. As a result of such applications we have been able to obtain an insight into the
bicecology of insects, modes of dispersal, migration and transmission of diseases, physiology
and biochemistry, problems of biosynthesis, mode of action of insecticides and pesticides,
toxicological properties of insecticides, and questions concerning the entomological control
as well as radiogenetical and radiobiological phenomena of insects.

One of the tasks of the Indian Atomic Energy Commission is to make these tools available
to scientific workers in the universities and scientific institutions all over the country. The
tools are radioisotopes, radiation sources, instrumentation for measuring radiation and
tests on radioisotopes, especially electronic instrumentation. May I, therefore, take a few
minutes of your time to indicate what we have been doing in this direction. Perhaps a short
time-table of events may be of interest in this connection.

In August 1956 our first reactor, Apsara, went into operation. In April 1957 we set up
the Isotope Division at Trombay with an initial staff of only three people. In February 1958
the first samples of phosphorus-32 and sulphur-35 were delivered, processed, as in so many
other cases, in temporary laboratory space. In May 1958, the Isotope Laboratory, a tempo-
rary one, was ready for occupation. In February 1959, the first sample of iodine-i31 for
medical use was delivered. In January 1960, the first samples of gold-198 for medical use
were delivered, and regular production of phosphorus-32, sulphur-35, iodine-131, gold-198,
iron-59, chromium-51 and sodium-24 was begun in quantities sufficient to meet the demands



X

in this country. In July this year, the CIR, a reactor of 40 MW, went into operation, and
in November we produced our first samples of labelled compounds. The present total
strength of the Isotope Division is about 70 people, and laboratories are in the process
of design which will allow all isotopes necessary for various purposes to be produced.

It is also of interest to sec the extent to which the use of these materials has increased
in this country. For example, only 9 samples of phosphorus-32 totalling 3 me were used in
1958, 20 samples totalling 91 mc in 1959, and this year 83 samples have already been used
totalling 530 mc. These operations are, of course, very small compared with what takes
place in many other countries, but what I think is of interest is the rate of growth. Similarly,
in the case of sulphur-35, 2 me only were used in 1958 compared with some 91 mc this year.
Todine-131 went up from 50 me last year to 758 mc this year, while gold-198 rose from
10 mc last year to 1260 me. It is interesting to note that, as a result of the production that
has been undertaken here, the total import of radioisotopes has decreased, though the total
use has increased very rapidly, This is because we have been able more and more to supply
all the needs of this country even before any isotopes have been produced in the CIR.
When the CIR goes into full operation in a few months time, we shall have one of the largest
isotope producers in the world, about which I shail say a few words presently.

In the case of labelled compounds, we have just made a beginning and therefore, while
the use of Indian-produced labelled compounds is increasing, imports are also increasing
in a marked way, showing the growing use of labelled compounds, It is also of some interest
to see how these various radioisotopes were used in India. Of the samples sent out, 176
were used for research, 41 for medical applications, 12 in education and only 4 in industry.
This clearly shows that Indian industry has not yet realized the importance of radicisotopes
for itself. I said some time earlier that in the CIR we will have an important radioisotope
producer. In the CIR, the outer irradiation rods will give us an irradiation index, that is to
say, a neutron flux times volume, of about 30 compared with 1.5 which we have in our first
reactor Apsara, and compared with 24 which BEPC provides in the United Kingdom.
Therefore, already we will have a very considerable amount of isotope-producing ability.
What is also important for certain types of isotope is the intensity of flux, and here the
maximum neutron-flux ip units of 101'/em? s is 390 in the CIR, compared with only 12 in
BEPO at Harwell and 23 in Apsara. Radiocobalt is, as you know, an important isotope,
and the CIR in full operation can produce about 20000 ¢fyr of high-activity radiocobalt,
i.e. with an activity of 30 ¢/g, and of low-activity cobalt we shall be able to produce as much
as 500000 ¢ with an activity of 3 ¢/g. Therefore, assuming that a medical source requires
1000 ¢ of high-intensity radiocobalt, we could produce some 20 sources p.a. for medical use
in the country and, for industrial purposes, something like 100000 sources p.a. It is,
of course, our intention to provide radiocobalt and other radioisctopes to various institutions
in India for many different purposes including research in agriculture and, naturaily, on
subjects connected with this Symposivm. It may interest you to know that we are also
building a facility at Trombay in the vsed-fuel-elements storage-bay, which will allow us
to irradiate samples with the used fuel elements from the reactor, and we propose to under-
take research into the effects of radiation on the preservation of food and fruits, among
other subjects. There are also radiocobalt irradiation facilities being constructed.

The third tool I mentioned is electronic instrumentation, and in this we supply practically
ali that is used by our own workers. We will soon be in a position to supply all the expanding
needs of this country for electronic instrumentation for biological investigations.

Perhaps I may be permitted to say a few words about some of the work being done at
Trombay on the use of radicisotopes in entomological problems about which you will, no
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doubt, hear in greater detail. Though conventional methods of disinfestation are to some
extent adequate in controlling some of the insect pests in stored grains, certain species of
msects like the lesser grain borer, the Khapra beetle and the fig moth have been observed
to cause untold damage to stored grains in spite of fumigation. In the case of the fig moth,
Ephestia cautella, the larva is the pest, and therefore the sterile-male technique should be
an effective method of controlling it inside warehouses and storage silos. The other two
species mentioned here could be eradicated by exposing the grains to radiation. Besides the-
irradiation facilities under construction, which I have just mentioned, mobile units are
also under consideration, and could be used at the sites of grain entry into the country and
wherever large warehouses are situated. Spices formn an important export commodity, and
disinfestation of spices by conventional methods has not been found to be very effective
for various reasons. Studies on the effect of gamma-radiation on different spices are in
progress, Studies conducted on the leather beetle, which does considerable damage to
stored leather, have indicated that low-level radiation could successfully be employed in
controlling this insect pest. As soon as the gamma-irradiation facility at the CIR is installed,
it is proposed to evaluate the economics of this method and, if found feasible, the facilities
of the Trombay Establishment could be extended to industries interested in the disinfestation
of insect pests from stored leather.

Work has been done on the control of mosquitoes, fruit-flies and stem borers, but T will
not dwell on this. T would only like to mention one problem which is of interest to this
country because of its silk industry. Statistics on the yearly production of silk based on 1958
figures show that only 2530000 1b are produced in India a5 against 44 120000 Ib in Japan,
which is a much smaller country. This wide disparity can be reduced to a Jarge extent by
adopting improved methods in szriculture. The Biology Division is considering a project in
this connection designed to improve the quality as well as quantity of silk-production. The
technique of initial processing of cocoons is very important, as you know, for maximizing
the quantity of their silk covering. The properties of a silk fibre depend to a great extent on
the method of killing the pupae in the cocoons as well as in the removal of moeisture. The
conventional methods for killing and drying at present in vogue in this country are not only
time-consuming and laborious but produce deformation of the cocoon covering, besides
denaturing the sericin. In addition to these defects the fibres exhibit impairment of their
winding properties and certain other physico-chemical characteristics. All these contribate
to a decrease in the yield of raw silk. In order to overcome these shoricomings, experiments
are planmed involving the use of high-energy radiation sources for killing the worm. When
we visited Tashkent a few months ago we saw, if I am not mistaken, sources of several
hundred thousand curies being used precisely as a method of killing the worm in the cocoon,
instead of the more conventional method.

Ladies and gentlemen, I will not take up more of your time, May I say that we are most
happy that this Symposium is being organized by the International Atomic Energy Agency
in India on this occasion. We hope that the arrangements will be found satisfactory. If there
are any shortcomings we trust you will make allowances for them, because we are still on
improvised premises. We are building an auditorium with all modern facilities to house
some 800 to 1000 people at the Tata Institute of Fundamental Research at Colaba, and
an auditorium for 1200 people is to be built at Trombay. But these facilities are not yet
ready and therefore vou are, I am sure, being put to considerable inconvenience. We
trust that you will excuse this. 1 hope that more such symposia will be organized in this
country and I can assure you that we will be most happy to co-operate with the International
Atomic Energy Agency in such undertakings,
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RADIOISOTOPES IN ECOLOGICAL AND
BIOLOGICAL STUDIES OF AGRICULTURAL
INSECTS

D. W, JENKINS
Army CHEMICAL Corps, FORT DETRICK, FREDERICK, MD.
UNITED STATES OF AMERICA

Abstract — Résumé — Apporams — Resumen

Radivisotopes in ecological and biological stedies of agricultural insects. Atomic energy used for
research and control of agriculturat and livestock insect pests has proved to be of very great value.
Radioisotopes are an excellent tool in carrving out detailed and accurate ecological studies of insect
pests required for effective control. With this information, economic control of insects can be carried
out by hitting the weakest links and most vulnerable points using crop practices, quarantines, killing
or sterilizing techniques, and other control-methods on a co-ordinated basis.

Radioisotopes have been of value in labelling and studying the dispersal and movement, life
history, and behaviour of underground insects, orchard and forest insects, honey bees, and cotton-
and food-crop insects. They have been helpful in elucidating the role of plant-sucking insects partic-
vlarly with regard to plant virus transmission. Ecological studies have been carried out on radio-
isotope-tagged flies, ticks, mosquitoes and other insects which transmit diseases or are important
pests of cattle and other domestic animals. Use of radioisotopes has contributed to the study of
parasites and predators of agricultural and livestock pests and disease vectors. They have been of
value in ecological studies on food chains, nutrition cycles, and population studies.

New and additional biological studies are suggested using radioisotopes and radiation. Certain
plant-insect relationships can be explored using radioisotopes, for example in studying trace elements
which sometimes form the basis of plant resistance to insect attack. They can be used in studying
pollination of plants by insects. Host-parasite relationships of domestic-animals and insects can be
studied using radioactivity to elucidate life histories and to locate the radioactive parasites in the host
animals at intervals of time. Radioactivity can be used to locate egg-laying and overwintering sites
of various insects. Radicisotopes and radiation provide excellent tools in research providing ecolog-
ical data required in successful control by co-ordinated use of irradiation and sterilization, insecti-
cides, special chemicals and hormones, new genetic developments including abnormal sex-ratio and
sterility-producing genes, and natural control with parasites and predators.

Les radioisotopes dans Ies éhudes écologiqnes. et biologiques sur les insectes nuisibles. L'emploi de
I'énergie atomigue s’est révélé extrémement précienx pour étudier et combatire les insectes qui nuisent
a Pagricufture et A I’élevage. Les radicisotopes sont trés utiles dans les études écologigques précises et
détailiées qu'il faat faire si 'on veut lutter efficacement contre ce fléau. Les renseignements ainsi
recueillis permettent d’agir aux moindres frais en frappant les insectes aux peints les plus faibles et les
plus vulnérables, selon un plan coordonné comprenant pratiques agricoles, quarantaines, techniques
d’extermination et de stérilisation, etc.

Les radioisotopes se sont révélés utiles pour le marquage et I'étude de 1a dispersion et des déplace-
ments, de I"évolution et du comportement des insectes vivant sous terre, des insectes nuisibles aux
arbres fruitiers et aux foréts, des insectes melliféres, des charengons, etc. Ils ont aidé & préciser le
role des insectes phytophtyres, notamment en ce qui concerne la transmission des virus. L'auteur a
fait des études écologiques sur des mouchss, tiques, moustiques et autres insectes qui transmettent des
maladies ou nuisent beaucoup au bétail ou a d’autres animaux domestiques. L’emiploi des radioiso-
topes a facilité Pétude des entomophages et parasites des animaux -qui nuisent 4 l'agriculture et 4
I'élevage on qui transmettent des maladies. Les radiocléments se sont révélés utiles dans les études
écologiques sur les chaines alimentaires, les cycles bromatologiques et les études de population.

i*
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L’auteur propose d'entreprendre des études biologiques nouvelles et complémentaires. au moyen
des radioisotopes et des rayonnements. L’emploi des radicisotopes permet d’explorer certains rapports
entre les plantes et les insectes, par exemple d’identifier les oligoéléments qui parfois sont indispen-
sables aux plantes pour pouvoir résister aux attaques des insectes. On peut s’en servir également pour
étudier la pollinisation des plantes par des insectes, En recourant A la radioactivité, on peut étudier
les rapports entre les animaux hotes et les insectes parasites en suivant I'évolution des parasites
radioactifs et leurs mouvements dans I"organisme héte & intervalles réguliers. La radioactivité permet
de découvrir les lieux de ponte et d’hibernation de divers insectes. Les radioisotopes et les rayonne-
ments constituent d’excellents moyens de recherche, car ils fournissent les données écologiqnes voulues
pour un programme de lutte comportant Putilisation coordonnée de I'irradiation et de la stérilisation,
d'insecticides, de produits chimiques spéciaux et d*hormones, de nouveaux phénoménes génétiques
y compris apparition de génes produisant une proportion anormale des deux sexes et la stérilité, et
de 'élimination naturelle au moven des parasites et des entomophages.

PamuossoromsT & JKOMOTAYECKMY H (HOOrESeCKAX HCCHCIOBANRAYX. CEILCKOXOINHCTBENHLIX
epepprencii, Mcmonb3opaHHe aTOMROI 3HEPrME A% HocNenopaHul B GOpeOH ¢ CelmcKOXO3RiiCTBCH-
HBIMH BPSAMTEMAMH H DAPA3HTAME AOMAUIHETO CKOTA OKA3AI0Ck OYCHAR OEHHbIM. PagHOH3OTOMBI
KBISEOTCH TIPEKPAcHBIM CPEACTEOM Uid MPOBSOCHWA BCECTODOUHHETD H TOTHOTO SKOMOFHYECKOTO
H3YMEHMA BPEOHBIX HACEKOMEBIX B UHensaXk MphexTssHoi Gopubur ¢ mumm. Pacmonaras TarRAMH
IAHHBIME, MORHO BECTH IKOHOMIHHYIO BOpEGY ¢ HaceKOMBIMY, TIOpaskas CaMEIe c/Iabkle ¥ Haubonee
YA3BHMDIC MECTA IIyTeM PABHRLHOTO BEIPATIHBAHHA YPOXAA, KAPAHTHHOS, METOHOB YHHATOKEHHS
K CTEpUIA3AEVE M OPYTAX cOocoboB GOpeOEL HA CROOPAMHMPOBAHHOH OCHOBE.

Pamuon3oToNnsl 0XA3aMHMCDh LICHHBEMA B MEedeRdH H H3IY9EHUH PACTIPOCTPAHEHAN W [IEPCIBURKEHHS,
GHOMOTAN ¥ MOBSACHUA MOYBEHHEIX BPEAMTENei, CaloBEIX M NeCHHX RPEHHTENelH, THe, XIONKOBLIX
H 3epHOBEIX Bpeaurefel. OHM TIOMOINM BEIACHMTE PONEb PAcCTHTENBHEIX COCYIONMX BpeAMTeNciH
H ocoDEHHO UEPesavsy pACTHTENBHBEX ANOB. JXONOrHYECKHE HCCISAOBAHRS ODOBOMIIHCE HAB
MEMEHHLIX PATMONIOTONAMMY MYXax, KNClHax, MOCKATaX H OPYTHX EACEKOMEIX, KOTOPLIE MIEPEHOCAT
BONEZAN WIH SBIHIOTCH BPESHBEIME [Fapasuram# KPYMHOTe POTATOTO CKOTA M JPYTHX JAOMAIIHHX
RHUBOTHRX., McOons3opddiie PagMON3OTONOB CROCOGCTBOBANIO HM3YUEHHIO TAPAIMTOB CKOTA,
CENMBCKOXOINMCTECHNEIX BpeIuTeNed H nepeHocyukos Goseadell. OHH OKARAMMCh OEHHBIMH B 3KO-
JIOTHIECKHX MCCNENOBAHKHX IHINEBHX ILened, MUKTos OMTaHHA H OOy IAUME.

B paboTe mpenmaraloTes HOBEIE M BONOEHTENbHbIE GHONOTHIECKHE MCCIESOBAHHA ¢ MCMONp-
30BAHHEM PAZUOMIOTONOB ¥ paguamul. HexoTopsie BMABL CBA3H MEKIY PaCTEHHMEM M HACEKOMEIM
MOTYT OBITh ®W3ydeHb! ¢ TIOMOWBIC pagwomsoTonos. HanphAMep, ORFM MOIYT HCHONG30BATECA O
H3YMEHHA METSITMX SIEMEHTOB, KOTODHME HHOrAA CHOOCODCTBYHOT CONPOTHBIAASMOCTH DacTeHH:
BOZNEHCTBAIO HACCKOMEIX. OHHM MOTYT NCOONBEIOBATECK ITPH M3YYCHWH ONBUICHHA PacTEH#M
HACEKOMBIMH, B3aHMOCBAIs MEXAY AOMAIDHHM KWBOTHEIM H DAPA3HTOM MOXET H3YYaThCA C
TOMOIHEI PANHOH30TOHOR ANA TOIO, YTOGH BEIACHHTE GUOSIOTHIO ¥ OOPEACNATE MECTOHAXOK ISHHE
TADA3ATON B RHUBOTHOM 4epe3 ONpPEfeliCHHEIE IMPOMEXYTYH BPEMEHH. PagHOARTHBHOCTE MOMKET
HCOOMLIOBATECA NAA ONPEASNSHWA MeCcTa OTKIAABIBAHHS AHL H MECT 3HMOBKH DANIKIHBIX HACE-
KOMBIX. PameoE3OTONN M DAgNALVMA OKa3AIMCh MPSKPACHMM CDEACTBOM JUiH HCCHCAOBAFMS
IKONOTHYSCKHX NAHHBIX, HEOOXOIUMEIX IUTA yoreuHo GopsOn ¢ BpeHTENAME HyTeM OOHOBPEMEeH-
HOTO HCIIONB30BAHHH OOMYISHUA W CTEPUIN3ALMH, WHACEKTHLHIOB, COCUMANLHEIX XHMHAKAUIUCE
H TOPMOHOR, HOBLIX TEHETHMECKKX AOCTHACHMH, BKIBOYER AHOPMANLHOC COOTHOUICHHE HOJOB
H CTEpHIBHBIE TeHu ¥ OOBIMHYI0 Goph0y C MAPAIATAMH W BPEXATEIAMH,

Los radioisotopos en los esimdios ecologicos y bioldgicos sobre insectos dafiinos. El empleo de la
encrgia atémica en las investigaciones sobre los insectos que atacan los cultivos y el ganado y en la
lucha contra los mismos ha resultado de gran utilidad. Los radioisdtopos constituyen un medio
excelente para realizar estudios detallados y precisos sobre los insectos dafiinos, estudios que son
necesarios para combatirlos eficazmente. Los datos asf obtentidos permiten obrar en las mejores con-
diciones econdmicas, atacando los insectos en sus puntos mas débiles ¥ vuinerables, combinando las
pricticas agricolas, las cuarentenas, las técnicas de exterminacion o esterilizacién y otros procedi-
mijentos de tucha.
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Los radioisétopos han demostrado ser titiles para marcar los insectos que viven bajo tierra, los
insectos de huertos y bosques, las abejas ¥ los gorgojos, ¥ estudiar su dispersién, desplazamiento,
evolucion y comportamiento. Han contribuide a la determinacién del papel de los fitoftirios, especial-
mente en lo referente a la transmisidn de los virus de las plantas. Se han Hevado a cabo estudios
ecologicos mediante la marcacién con radioiséiopos de moscas, Acaros, mosquitos ¥y oiros insectos
gque transmiten enfermedades o constituyen plagas importantes del ganado y de otros animales do-
mésticos. El empleo de los radicisdtopos ha facilitado el estudio de los entomdfagos y parasitos de los
cultivos ¥ del ganado, asi como de los vehiculos de enfermedades. Han resultado dtiles para las
investigaciones ecologicas sobre cadenas alimentarias, ciclos de nutricion y estudios sobre poblacion,

El autor sugiere que se realicen nuevos estudios biol6gicos mediante el emplee de radicisétopos
y radiaciones. Utilizando radioisotopos, es posible explorar ciertas relaciones entre plantas e insectos,
identificando, por ejemplo, los elementos trazadores que las plantas suelen necesitar para poder resistir
al ataque de los insectos. Pueden emplearse para estudiar la polinizacién de las plantas por los insectos.
Se pueden analizar las relaciones entre los animales domésticos huéspedes ¥ los insectos pardsitos
siguiendo 1a evolucién de los pardsitos radiactivos v sus desplazamientos en el organismo huésped
a intervales regulares. Asimismo es posible utilizar la radiactividad para determinar los lugares en
que diversos insectos suelen poner sus huevos e invernar. Los radioisdtopos y las radiaciones consti-
tuyen excelentes medios de investigacién, ya que facilitan los datos ecoldgicos necesarios para
establecer un programa de lucha basado en el emplec coordinado de la irradiacion y la esterilizacion,
los insecticidas, los productos quimicos y las hormonas especiales, los caracteres genéticos peculiares
comprendida l1a aparicién de genes que originen indices sexuales anormales y esterilidad, y Ia eli-
minacién natural con ayuda de pardsitos y entomofagos.

1. Introduction

Insects cause enormous losses to agricultural and forest crops and products. No reliable
estimates are available but the annual loss and damage in the United States is estimated
at 4 billion dollars, and in the United Kingdom as the work of 51000 skilled farm-workers.
The Food and Agriculture Organization of the United Nations has estimated that over
109 of the world’s stored-grain crop is lost annually to insects, representing 50%; of the
products in world trade [3]. Half of the stored grain is lost in some tropical areas. One
million tons of stored grains are lost annually to insects in India [35). In the southern
United States, losses of ¢ wt. % per month and of 50 wt. ¢ per summer for stored corn are
reported [33) [42).

The efforts of man in combatting agricultural pests by use of toxic chemicals are frequently
thwarted by the development of insecticide resistance by the insects, or by the establishment
of new pests, such as mites, when predators and parasites are killed by insecticides. Every
potential method for combatting these insect pests must be utilized when we recognize
the rapid population increases of the human race and the necessity for producing more food.
Use of insecticides must be made more efficient and effective, and above all, new and
different methods of insect control must be discovered and used.

Man has made serious problems for himself by the methods he has developed for supply-
ing his food. In clearing land, draining swamps and using other methods, he has con-
centrated the production of selected food-plants and domestic animals. He has often
carelessly introduced plant and animal pests, sometimes without the natural parasites
and predators which prevent production of enormous numbers in the native home of the
insects. With a concentrated food-supply frequently developed for specialized yields,
without consideration of insect pests, the crops and animals are highly vanerable. Unin-
formed use of insecticides may present greater problems. Use of atomic energy opens
several avenues of approach to new control-methods, all of which require knowledge of the
biclogy and ecology of the pest insects. It furnishes us with a tool of real proven value and
with a potential even greater than has at present been realized.
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The use of radicisotopes in entomology has expanded and progressed rapidly. In reviewing
the field in 1950 there were 40 published references [69), in 1957 over 500, and in 1960 well
over 1000 available references represent an incomplete coverage. Reviews on the uses of
radioisotopes in entomology cover the general area and also specialized fields [2—4] [8]
[25] [37] [46] [63] [66—69] [81—84] [92] [106] [114]. About half the published rescarch
applies to agricultural entomology and most of the remainder to medical entomology and
related fields.

The elimination of the highly destructive cattle pest—the screwworm fly—from Curagao
and from the southeastern United States [16] [77] [82] is a truly great accomplishment
that results in a saving of over § 10000000 worth of cattle per year. This was accomplished
by the use of radiation from the radioisotope Co60, Many other outstanding accomplishments
have resulted due to the use of radioisotopes in the field of entomology. Full advantage
should be taken of this new opportunity to study and control insects.

The objectives of this report are (a) to swnmarize the research completed or in progress
on the use of radiocisotopes in biological and ecological studies of insects of agricultural and
veterinary importance, and (b) to suggest new avenues of approach for insect-control nsing
radioactive materials.

I1. Radioisotopes used in entomology

About 43 different radioisotopes have been used in studies involving insects (Table I).
These studies inchide labelling of insects, irradiation for killing or sterilizing insects, label-
ling the organisins transmitted by insects, physiological and toxicological studies, labelling
of insecticides, marking insecticide sprays, and studying accumulation of fission products or
other elements in the environment. In addition, a number of stable isotopes have been used
for various purposes such as deuterium, H2,

Tazsre I
LIST OF RADIOISOTOPES USED IN ENTOMOLOGY

' I5E [ i
i C14 | Znbs Csi37 |
) Na22 24 ! AsTa 16 Bal40 [
| paz I Brs2 Lal40 :

535 | Rba6 Celé4

C136 38 | Srée 9o ; Priss

K4z | o1 Tals2

Cads Zr95 Iri92

Scd6 ‘ Rul06 Auiss

Mn32 54 56 Aglo Po212

Fe55 59 ' Cdus Pb2i2

Coso ‘ _ Sb- Ra%6

Cut4d 131 Th-

In selecting suitable radicisotopes for use, particularly for tagging insects, the following
factors must be considered:

(a) the type of emission—beta, gamma, or alpha,

(b) the energy of radiation,

{c) the half-life of the radicisotope,
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(d) biclogical accunulation and retention in the insect (if labelled internally) and the
biological half-life,

(e) toxicity to the insect,

(f) the form of the radioelement (liquid, metal, etc.}, and

(g) the ease of handling, labelling, and detecting the radioisotope.

The radioisotopes which. have been used successfully for labelling or marking insects for
ecological and biological studies include Na24, P32, 835, CI36, Ca%5, S¢%, Cof0, ZnSs, Sr89,
1131, Celd4, [r192, Aul98, Ra226, and Th-, Various radioisotopes have been found to be toxic
in certain insects such as Ca45, Fe5%, Rb3%6, Agllo, Cd115, and I!3l, while others are not
retained such as Ca%s and Zr%, or are unsuitable for other reasons such as €14, 835, CI36
and I131, The use of one radioisotope for one species of insect may be very suitable while
for another it may be impossible. The most commonly used radioisotopes for ecological
studies are beta-emitters P32 and Sr8%. These have many advantages such as suitable half-
lives, effective incorporation and retention in the insect, low toxicity, ease of detection
and handling, and relatively low cost. For many insect-ecology studies, the beta-emitters
are most suitable since they are easier to handle and to detect. Those which have been used
effectively include P32, §35, Cl36, Cad5, Sr8%, and Ce?#4. (Cel** also has weak gamma-emission).
They do not permit location of insects from a suitable distance with the quantities usually
used for labelling. However, for locating insects underground, in and under debris, and
under bark and in trees, a strong gamma-emitter is required. The garnma-emitters successfully
used for tagging insects include Sc46, Co$0, Zn65, 1131, Irl92, Tals2, Aul98, Ra226, and Th-. Some
of these radicisotopes also give off beta (or alpha) radiation.

Insects have been externally irradiated with X-rays, gamma-rays, beta and fast-beta-
radiation from cyclotrons and betatrons, alpha-particles and neutrons, and with mixed
radiation from fission products. Radicactive isotopes have been metabolically incorporated
or placed internally in insects and have resulted in internal gamma, beta and alpha-radiation.

(a) METHODS OF LABELLING INSECTS WITH RADIOISOTOPES

Radioisotope-tagging is an efficient technique for marking and rapidly identifying large
numbers of many insects with a minimum of labour and cost. A variety of agricultural,
forest, and animal pest-insects have been made radioactive to study their dispersal and
behaviour. Many methods have been developed for marking insects with radioisotopes.
These include the contamination of food, of growing medium, of external surface of the
insect, or injection. Insect food has been made radioactive by soaking the food, by injecting
radioisotopes into animal-hosts, by contaminating drinking-water, milk, sugar solutions,
and by injecting insect food-plants or growing them in radicactive material. Insects have
been contaminated by growing them in a medium which has been made radioactive, such
as organic substrate for flies, water for mosquitoes and other aguatic insects, in animals
made radioactive for screwworm flies, and radioactivated plants. Many methods have been
used for external contamination including dipping, painting, spraying, attaching clips or
_ wires of radioactive materials, and treating the surface with wetting or adhesive agents to
make the radioisotopes stick. Radioisotopes have been injected or perfused as liquid, or
inserted as a piece of metal or other substance into the body of the insect. In addition,
insects have been exposed to radioactive gases which are taken up and accumulated in
the body.

() METHODS OF DETECTION

Radioactive insects are detected by a variety of methods. The most commonly used
method for detecting beta and gamma-radiation is the use of a portable field survey Geiger
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counter (ionization chamber), Insects are also brought into the laboratory and checked with
a proportional counter or other instruments. Jn the field an inexpensive method is to use
photographic plates or dental X-ray film strips for detecting labelled insects. This requires
later development of the film. For gamma-detection, a scintillation counter or “scintillo-
meter” is also used with good results, A complex system using nuclear emulsion plates
has been developed for showing alpha-particle tracks when using thorium. This also required
dissection and ashing of specific body-organs of insects.

IIE. Ecological studies

No effective control of insects is possible without knowledge of the biology and ecology
of the insects. The most successful method of gaining control of important insects is to
understand their entire life history, food habits, dispersal, mating, behaviour, parasites,
predators and other aspects of their biclogy. Then economic control can be carried out
by capitalizing on the weakest link or most vulnerable point, using quarantines, environ-
mental control, crop practices, insecticide treatment, irradiation sterilization, baits, traps,
and predators or parasites, or a combination of these, Studying the biclogy of many insects
frequently involves prolonged field studies and requires efficiency of techniques and time-
saving methods.

Radioisotopes have been of value in labelling and studying the dispersal and movement,
life-history and behaviour of underground insects, orchard and forest insects, honey bees,
and cotton and food crop insects. They have been helpful in clucidating the role of plant-
sucking insects, particularly with regard to plant virus transmission. Ecological studies have
been carried out on radicisotope-tagged flies, ticks, mosquitoes and other insects which
transmit diseases or are important pests of cattle and other domestic animals. Use of radio-
isotopes has contributed to the study of parasites and predators of agricultural and livestock
pests and disease vectors. They have been of value in ecological studies of food chains,
nutrition cycles, and in population studies.

The ecological and biological studies on agricultural insects using radioisotopes are
reviewed and some additional or new suggestions are presented.

(a) FOREST INSECTS

Forest insects have been tagged to determine dispersal and movement, overwintering
sites, longevity, and location of the insects at given times (Table Il). They have been labelled
in a variety of ways for dispersal studies. Englemann spruce beetles were dipped in a 1131
alcohol solution which gave good radioactivity for a relatively short period [39]. White
pine weevils were tagged with Co® nitrate dissolved in cellulose acetate and acetone to form
an adhesive attached to the wings of the beetle. Of 64 beetles tagged, 337, were alive after
two months, the same as untagged controls. The tagged insects could be detected from a
distance of 2.7 m [110]. The Douglas fir beetle was labelled with P32 by feeding P32 in sugar
solution [45]. White pine weevils tagged with Sc46 in 209 alcohol could be detected at
1.5 m. The longevity, flight range, direct uninterrupted flight range, and practical control
methods were determined from the releases [55]. The southern pine beetle was labelled with
Ir192 and released in isolated bectle-infested areas [107]. Female European pine-shoot moths
Rhyacioria buoliana were labelled with Co®0 by painting the radioisotope on the abdomen [56].
The labelled insects could be located at | m, Of the 104 moths released, 42.9 % were recovered.
The moths stayed in the pine stand where they were released and dispersed normally to
46 m per flight. The moths were decimated by birds and other predacious animals. The
radiation from 25 to 50 ¢ of Cof® did not affect the moths adversely. The leaf-miner moth
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TasLE II
DISPERSAL OF RADIOISOTOPE MARKED FOREST INSECTS

o ;_ Recovery Maximue T
[nsect Isotope o and dispersal Authority
released longevity (kmi}
White Pine Weevil l
Pissades strobi Cof0 64 3% in6dd — [110]
- " Sed6 1600 | 60—70°%, up | 0.22 {55]
to 8.5 months
Douglas Fic Beetle P32 _ | — - 5]
Dendroctonus pseudotsugae ,
|  Southern Pine Beetle Ir1s2 20000 — I [107]
Dendrocionus fronialis I
Englemann Spruce Reetle P22 15000 5% up | — 3%
Dendroctonus engelmanni nu tol4d .

L] EE] - _ - ! 4.8 [17]
European Pine Shoot Moth Cos0 104 ‘ 429 ’ 0.046 [561
Rhyacionia buliana
White grubs Tals2 Movement in soil — | [ta7]

Phyliocnistis Iabyrinthella was labelled in the adult stage by feeding P?2 in sugar water. The
adults could be located at 0.5 m. When 200 moths were released, they dispersed and were
later lgcated mostly underground where they had hibernated. They were located from
5 August to 30 September, when the experiment ended [111].

{b) ORCHARD INSECTS
Orchard-insect dispersal has been studied using radicisotopes (Table 1II).

Peach orchards are seriously damaged by the plum curculio Conotfrachelus nenuphor,
This beetle was successfully labelled with P32, Co®0, Znt35, Sr39, and J131 [101] [102]. Sr29,
fed to the beetles in plant tissue or solution, was the best radioisotope for tagging. Of 473
beetles released, 193 recoveries were made at an average distance of abont 25m and up to a
max, of 123 m from the release site. Hibernation of the beetles was studied and they were collec-
ted up to 287 d after activation and release. The cherry fruit fly Rhagoletis cingulata was made
radioactive by feeding the adult flies P32 in sugar solution [72]. Of 2010 radioactive flies
released, 39 were recovered, 37 within 139 m and a maximum of 287 m for a period up to
6 weeks after activation. Oriental fruit flics Dacus dorsalis were made radioactive by growing
larvae in carrot medium containing P32, and by feeding adults on a sugar solution con-
taining P32, Both techniques produced good radioactivity of the aduli flies for over 40d [103].

The Mediterranean fruit fly Ceratitis capirata, marked with P32, dispersed nearly 3.2 km,
and 7% of 944 marked flies were recovered 1.2 km and 2.4 km away. A marked male was
recovered 32 km away, of which 14.4 kin were open sea [28].

About 20000 fruit flies Drosophila melanogaster were made radivactive by feeding P32
spread on fermenting figs. The flies dispersed from a garbage dump 2.24 km into the direction
of the prevailing wind to fig orchards. In another release, the flies flew 3.84 kmin 2 d [115].
The walnut husk fly, Rhagoletis completa, was labelled by spraying an attractant, corn
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Tase IIL
DISPERSAL OF RADIOACTIVE MARKED ORCHARD INSECTS
N Maxtmom
Insect Isotope re!z:sed Longevity di;kp;r;al Authority

Plum curculio
Conotrachelus nenuphar p3z 62 | mpto120d 0.11 [101] [02]

ve . Cot 705 up to 8.5 months | 0.27 " u

- ” Znb5 23 | upto120d 0.041 " "

a " Sr9 175 3d 0.123 - "

1) 3 ns 86 - 0 | 2 »»
Oriental Fruit Fly
Dacus dorsalis P32 — uptod0d — [103]
Fruit Fiy
Drosophila melanogaster pa2 20000 — 3.84 [115]
Mediterranean Fruit Fly
Ceratitls capitata p3z 944 — 32.0 [28]
Cherry Fruit Fly
Rhagoletis cingulata p32 2010 upto42d 0.287 721
Walnut Husk Fly
Rhagoletis completa P32 15% of — 14.4 [15]

natural
population |

protein hydrolysate and P32 on branches of foliage in a walnut orchard. About. 15%; of the
natural population of flies were P32-labelled and were shown to disperse up to 1.4 km in
3 weeks. The fly eggs deposited in walnut fruit were found to be radioactive [15].

(¢) UNDERGROUND INSECTS

Tracing the dispersal and underground movement of soil insects such as wireworms and
cutworms requires the use of a gamma-emitting radioisotope to be detected through several
centimeters of soil. Adult wireworm beetles Agriofes sp. were first tracked [113] using a
Ra226 Jisc below the wing of the beetle, For tagging the immature stages, an internal tag is
required which remains and is not excreted. This was partially solved by imserting a Cost
wire in the larvae [7] [53] to tag a species of wireworm and two species of cutworms to
study their response to moisture, food, and temperature. In Russia the movement of soil-
inhabiting insects has been studied [79] by radioactive tagging. The most successful technique
[51] employs a gold-plated CoS0-wire attached to the wireworm, This was used in studying
the effects of insecticides in reducing movement and in killing wireworms. A very interesting
automatic Geiger device has been made [57] [108] which continuousiy follows, tracks and
records the position of the wireworm through 11.4 em of soil.

A species of white grub infesting forest trees was tagged [107] with the gamma-emitter
Tal%2, The radioisotope was introduced as a wire into the grub, and movements of the
larvae through the soil were studied.
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{d) CROP INSECTS AND GRASSHOPPERS

Various species of crop insects have been made radioactive to study their dispersal,
movement, behaviour, and longevity.

Many plant-sucking insects have been made radicactive by making plants radioactive
with P32 and allowing the leaf hoppers, psvllids, aphids, and plant bugs to suck up plant
sap. Most of these studies have been concerned with the transmission of plant disease
instead of dispersal. Bean aphids and green peach aphids became radioactive from feeding
on broad-bean and sugar-beet plants watered with Na;P320, solution. The movement of
the aphids Myzus persicae and Aphis fabae in the field and their relation to spreading sugar-
beet yellows was studied [19]. Mealybugs were fed on P32 radioactive cacao seedlings [31],
m studies relating to mealybug behaviour and the control of virus disease of cacao in Ghana,

In a study of coccinelid beetle larval-behaviour [14], small wires of Tal32 were glued to the
prothorax of newly-hatched larvae, increasing the weight by 24 %, but the behaviour while
crawling on plants was apparently normal.

The larvae of the lepidoptera Panaxia dominuta and Arctia caja were fed [74] on plants
treated with §35, The larvae were radioactive and, after 6—8 weeks, the resulting adults showed
increased radioactivity. The labelling was successful for studying population size, Jarval
death-rates, and dispersal activity.

The cotton boll weevil Anthonomus grandis was tagged by dipping the adult beetles in a
water solution, of Cof0 chloride containing a wetting agent (Tergitol 7). The resulting
adults [9] showed an average radioactivity of 4690 counts/min before washing and 3523
counts/min afterwards. A cotton-plant stem was immersed in Co® solution and the leaves
and especially the cotton in the immature bolls became radioactive. Large numbers of boll
weevils have been marked for use in field studies.

The mealworm, Tenebrio molitor, and tobacco hornworm, Protoparce quingquemacnlata, were,
fed or injecied with As76,0;, and cabbage and turnip maggot flies were activated [89] with P32
by applying P32 around turnip plants. The cabbage maggot, Hylemya brassicae, adulis were
fed P32-labelled sugar solution with excellent results. Spraying adults with P32 was not a suit-
able procedure [44]. Of the 1854 radioactive adults released, only two were recovered. Larvae
of the cabbage butterfly, Pieris rapae crucivora, were fed cabbage smeared with Ca%5 and
P32, Large quantities of Cat5 were excreted. Ca4’ was found in the blood of the adults, and
was found deposited in white scales of the wings of males. Nematodes and fungous growth
from the larvae were radicactive [118].

Adult stinkbugs Eurygaster labelled with Co% or P32 were released, and migration to
forests for overwintering occurred in the autumn [2). The bugs migrated 0.5—3.0km W
and 10—12 km E to a forest at a rate of 0.5 kmin 24 h. After overwintering they congregated;
some dispersed up to 15 km. Adult grain moths, Hadena basilinea, were attracted to lights
and then fed [2] on attractant solution containing P32 or Co%0, Larvae of the moths fed
on radioactive grain or were sprayed with radioisotope solution. The adult female moths
dispersed in a radius of 2kmand the males 3 km. The grain moth parasite flies Psendogonia
cinerascens were atiracted to baits where they were labelied [2] with P32 or Cot0. They then
dispersed up to 19 km, indicating greater mobility of the parasite than the host moth.

Two species of grasshoppers, Melanopius m. mexicanus and Camnula pellucida, were made
radioactive [52] by feeding them on P32-sprayed plants. At first, the rate of loss of P32 from
excretion was high, but a low level was retained for 28d through the nymph to adult stage.
The dispersal of these species of grasshoppers was studied and 20000 nymphs and adults
were fed on wheat seedlings sprayed with 0.5 mec of P32 in 50 ml. When released on bare
cultivated fields, they showed no ability to orient or move toward a food supply. The average
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rate of movement was 6.4 mfh at 70°F, and after 6d, the total movementof up to 220 m was
random but for a response to wind direction [100] [108], The grasshopper Melanoplus m.
mexicanus was made radioactive [12] by feeding P32 in bran and molasses. About 8000
3rd and 4th instar nymphs and 7500 adults were released in a field of alfalfa, timothy, and
weeds. 20 d after relcasing the nymphs, 43 %, were recaptured at 9.2 m, 393/ at 18.4 m, and
18%, at 27.6 m from the release-point. At 18d after releasing the adults, 56 2, were recaptured
at 9.2 m, 36% at 18.4 m, and 9% at 27.6 m from the release-point.

The locusts, Locusta migratoria and Lecustana pardelina, were made radioactive with
P22 in the nymph and adult stages by feeding P32-treated bran or hydroponic corn or grass.
Adults were also sprayed and could be detected at a distance of 25.4 em after 2 weeks, but
no dispersal studies were carried out [75]. It is suggested that locusts be fed or treated with
Sca6, Cob0 or other gamma-emitting radioisotopes so that they could be located at a distance
at night to rapidly determine their dispersal and migration.

{e) BEES AND ANTS

Studies have been carried out with honeybees to determine their flight range, mixture with
other hives, territoriality, and relationships between the workers, drones, and the queen. Drone
honeybees were shown to take Cl4-labelled glucose in syrup through a screen from worker
bees in another cage, even when syrup was available in the cage containing drones [88].
The workers contained an average of 9420 counts/min per bee, and they passed syrup
through the screen to drone-bees that accumulated an average of 456 counts/min per drone.

The continual exchange of nourishment between worker becs was studied [87). It was
shown that exchange of sugar syrup containing P32 was very rapid. After 27h, 43—60%; of
the bees of a hive contained considerable P32 which was distributed from only a few workers.
After 48h, 1009 of the larvae in the hive were radioactive.

Exchange of nourishment and dispersal were studied [34] using radiogold Aul%s. When
fed as a colloidal suspension in syrup, 100% of the bees were labelled in 24 h and it was
possible to detect the foraging bees at a distance of 10—60 em with a scintilometer. In a
larger experiment with 40000 bees, 909 were marked in 12h, and 1009 after one day. The
exchange of food in the hive was rapid. Some bees of one hive were discovered in nearby
hives. The maximum dispersal of marked foraging bees was 1.1 km from the hive. A com-
parison was made of marking bees with P32 and a genetic marker “cordovan” in showing
dispersal of foraging honeybees [80]. The P32 was fed in syrup and was taken up by nearly
all bees in the hives. The P32labelled bees were found 1.6 km E and 2.6 km NE, and the
cordovan bees 1.6 km E and [.1 km NE.

Queen bees, which have to be checked at intervals in hives, have been tagged by an
external paint-marker containing 0.5uc of Co%® per queen. The queen is quickly located in
the hive by a Geiger counter, and the method is effective. The possible radiation damdge
was not determined [99].

MnS2, Mn54, and MnS6 have been used to study the accumulation of manganese by
social wasps {21] [23]. Manganese was accumulated by larvae, extensively lost at pupation,
but adults were found to accumulate. it particularly in the midgui epithelium, greatly in
excess of any known metabolic usage. Bat40 was accumulated in hornets and ants even when
exposed to infinitesimal amounts [21] [24]. This suggested their use as detectors for radio-
active barium leaks not otherwise detectable. Bal40 decays to lanthanum which in turn goes
to cerium, Such decay-chains offer means of studying non-metabolites in organisms by
selection and introduction of the proper precursors.

In studies on food transmission between ants, singte workers in several labaratory colonies
of five species were fed 113! in honey. The workers fed first, passed it on to other workers
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and finally to larvae and queens [117]. There was limited food transmission in Pogonemyrmex
badius to rapid transnission and colony saturation in Cremafegaster lineolata [43]. In
mounds of the ant Lasius minutus P32-labelled honey was passed to other workers and
larvae within 8 k. Ants in adjacent mounds became radioactive indicating that single colonies
consist of one or more mounds connected below the surface of the ground [73]. Honeydew-
gathering ants were studied by making aphids radioactive from a P32-injected thistle plant [91].

(f) INSECTS OF VETERINARY IMPORTANCE

Pest insects bother domestic animals, reduce weight gains and milk yields, destroy or
damage hides, and kil the animals directly or indirectly. Insects transmit such animal
diseases as anaplasmosis, cattle fever, encephalitis, anthrax, filariasis, trypanosomiasis, and
other diseases.

Radioactive labelling of medically important insects for dispersal studies was initiated in
1949 [26] {60]. Since that time extensive studies have been carried out with this technique.

The dispersal of radioactive houseflies has been studied by several groups. The data have
been compiled [68] and show that the houseflies fly a maximum distance of 32 km and,
frequently, 15 km. Blowfly populations disperse up to 45 km, and various other flies have
been found to disperse widely.

The primary screwworm Callitroga hominivorax was made radioactive [98] by rearing
larvae in a meat medium containing P32, or in wounds of living sheep or goats injected with
P22, The emerged adults were well marked, and 10000 were released for field studies. Five
species of blackflies were marked [50] with P32 in Saskatchewan. Colonies of radioactive
larvae and pupae were found over 0.4 km downstream from the point of release, and an
adult was recaptured 90 m from the stream. Blackfly pupae of Simulium venustum were
tagged [65] with P32 at Churchill, Manitoba, by moistening them with a solution containing
0.3 uc P32/ml,

About 90000 eye gnats, Hippelates pusio, were fed P32 in honey and released in two tests,
0.8 and 1.6 km distant from a small town. In both tests [41] there was almost complete
penetration of the small town on the day of release, Tagged eye-gnats were collected over
1.6 km from the release-site in 3.5 h.,

Mosquitoes are also severe pests and transmit diseases to domestic animals. Eleven
species of mosquitoes have been labelled, and dispersal studies carried cut in North America,
Africa, and South America. Various species of mosquitoes have been labelled by growing
the larvae in a radioisotope or by feeding the adults on animals or plants injected with
radioisotope, or by external marking of the insect by dipping, spraying or painting the radio-
element. The radioisotopes used include P32, 835, §r89, Cel44, and Th—. Mosquitoes have also
been grown in many other radioisotopes for physiological studies. Culex pipiens larvae have
accumulated Sr%, Rul®é, Cs137, and Cel# which are important fission products [54]. The
use of “biocomplexon” or EDTA, a chelating agent (sodium salt of ethylene-diamine
tetraacetic acid), caused a 1002/ increased accumulation of St%9, but decreased accumulation
of Rulvs, Cstd?, and Cel#4,

The studies on dispersal of mosquitoes have been summarized [68]. Many studies have
been carried out on the behaviour of mosquitoes. At Churchill, Canada, during radioactive-
labelling studies [70] the abundant pest mosquito, dedes communis, was shown to consist
of two races. One race was shown not to bite human beings. This has a potential importance
in natural control by introducing and substituting a non-biting race or strain into an eco-
togical niche for a harmful pest. This replacement could be carried out concurrently with
the introduction of radiation-sterilized males of the biting race.
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Lone star ticks Ambiyvomma americana were made radioactive by soaking in P32, The
addition of a wetting agent did not increase uptake or retention but did reduce survival, so
that wetting agents were not recommended [76]. Ticks Ixodes sp. were tagged with Cel#
by bathing them in the radioisotope solution for 5 min [97].

The nymphs of the bugs Triatoma infestans and Panstrongylus megistus were marked
with thorium by injection into the abdomen, and by feeding on a pidgeon previously
inoculated with Th. The resulting adult bugs were radioactively labelled {6]. Blood-sucking
bugs Triatoma protracta were successfully labelled by anesthetizing them with CO; and
applying Cel44 o the thorax [97].

IV. Biological control by predators and parasites

Biological control of insects by predator insects eating injurious pest insects is important;
for example, lady-bird bectles have been used economically to control scale insects in
California. Field observation to prove the importance of certain predators in controlling
injurious insects is frequently a tedious job, especially if the insects are nocturnal, under-
ground, or inconspicuous. When a pest insect is radioactively labelled, it leaves a radioactive
record in the predator after being eaten. Chinese praying mantids became highly radioactive
[69] when fed on fruit flies and yellow-fever mosquitoes labelled with P32, Aphids which had
fed on a P32-labelled thistle plant became radioactive. They were eaten by various aphid
predators including three species of lady-bird beetles, a spider, and syrphid fly larvae. The
predator efficiencies were calculated, based on the amount of radioactivity, which indicated
the relative numbers of aphids consumed [91].

Cotton aphids Aphis gossypil were fed 535-labelled Systox to determine the effect of this
insecticide in killing aphid predators [1)}. Three species of syrphid larvae were highly
suscepiible, and mortality rates of five species of coccinellid larvae ranged from 10077 to
3.7%, while adults were not susceptible except for 1 species. The radicisotope showed the
amount of Systox taken up by the predators. Radioactive eggs and larvae of thecodling moth
Carpocapsa pomonella were exposed to predation, and predators were later collected in
the area [83]. Coccinelids, pentatomids, nabids, chrysopids, mirids, thrips, ants, anystid
and Afomus mites, and spiders had fed on the eggs or larvac and become radioactive. Spruce
budworm larvae were made radicactive from feeding on balsam-fir foliage treated with P32,
In a laboratory study 21 species of spiders fed on the budworm larvae [83). Large dytiscid
beetles became radioactive after feeding on P32-labelled larval arctic mosquitoes [71].
Frogs and several species of spiders became radioactive from eating labelled adult mosqui-
toes, and several species of water beetles and bugs, dragon fly, damsel fly, and other aquatic
insects became radioactive after eating labelled mosquite larvae [11] [70] [112]. This
technique was made quantitative [90] so that the exaci number of mosquito larvae eaten
by a predator could be counted. Radioactive blackily larvae were put in a stream [50] and
were fed upon by various predatory stream-inhabiting insects, which became radioactive.

P32-tagged mosquito larvae decreased in numbers with an increase in predator numbers
[11] and with an increase of percentage of predators that were radicactive from consuming
radioactive prey.

The commensal relationships between several species of honeydew gathering ants and
their aphid “cows” were studied [91] by making aphids radioactive on a P32-treated thistle
plant. The ants became radioactive after collecting honeydew by “milking™ the aphids.
They carried the honeydew to the ant colony with the result that the colony ants became
radioactive. The territorial relations of the ants were also studied.

Radioisotopes are of value in studying the parasitic relationships of parasite to host.
A species of mite, Pimeliaphilus podapolypophagus, was found to be parasitic rather than
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commensal in habit when the mites became radioactive [36] after feeding on roaches which
had been fed on radicactive NaCl. Parasitic Habrobracon wasps became radioactive when
actively parasitizing P32-labelled hosts. The ingested P32 had no effect on the longevity of
the parasites [58]. Mermithid nematede parasitic worms emerging from radioactive arctic-
mosquito larvae were radioactive, and enabled specific nematode worms to be identified
under ficld conditions [661.

Polyhedral virus suspended in Cl4-labelled alanine and glycine was injected into silkworm
larvae [18]. The beta-radiation inhibited-virus multiplication, and 40 9; of thelarvae developed
to adults. The radicactive polyhedral bodies gave 1300 cpmyml and the virus particles liberated
from the polyhedral bodies gave 3800 cpm/ml.

V. Population studies

Efficient tagging and ease of detection of insects by using radicisotopes make accurate
studies possible on the abundance and size of natural populations. This is done by releasing
a known number of radioactive, labelled insects in an area, followed by collecting and
trapping, and then calculating the percentage of marked recaptures to unmarked insects.
By knowing the original number of released tagged insects and the daily mortality rates,
the natural population can be calculated. Mortality rates can be determined during any
stage of the life history, or at any specific time using radioisotope tagging. It has a special
value in evaluating effectiveness of control by chemical insecticides or biological methods.
Longevity and mortality rates have been ascertained with radicisotopes for some of the
msects reported in Tables 1I and II1. Population sizes of broods and generations emerging
have also been determined for certain mosquitoes [70] [96].

Estimation of population size and population mortality during specific periods is possible
using the radicactive marking and release and recapture method. A total of 1227 larvae
of the moth Panaxia dominula were labelled by feeding on deadnettle Lamiium which had
been grown in water-culture containing S35, The late larval and pupal mortality in colonies
under natural conditions were estimated by the recapture method [30]. The total Iarval
population was estimated by multiplying the number of radioactive larvae released by
the total number of adults caught, divided by the radioactive adults caught. Of 4038 aduits
sampled, 18 were radioactive, which means that the larval population was 198185 to 225210
with an adult population of 23000, with a late larval and pupal mortality of 88—90%/. In
a second coleny when 1210 labelled larvae were released and the mean number of adults
was 77, the mortality was estimated at 94%,. The method indicates that estimates can be
made in wild populations using the radioactive-labelling technique.

Population estimates of mosquito larvae were made by using P32-marked and recaptured
mosquito larvae in temporary and permanent pools [116]. When 4300 marked larvae were
released in a permanent pool, recaptures indicated a recovery ratio of 0.2396 and an estimated
population of 17900 4 1423 standard error. In a temporary pool after release of 1855
muarked larvae the recovery ratio was 0.01585 and an estimated population of 117000 -
24740, It was determined that a large error is associated with a low recovery ratio. The
technique and analysis are easy to use and analyse, but it was apparent that large numbers
of larvae should be tagged, that the experiment should be of short duration, and many
samples taken.

V1. Insect transmission of disease

Use of radioisotopes in studying insect transmission of antmal and plant diseases has already
yielded valuable results; this is a most promising and fertile, although relatively unexplored,
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field. Epidemiological and transmission studies can be made with radioactive~-tagged insect
vectors or tagged viral, bacterial, protozoan, or nematode pathogens,

Radioisotopes have proved useful in studying the tramsmission of plant diseases by
insect vectors. Po212 was used [59] as a tracer to show the guantity of material removed
from a plant by a feeding aphid Myzus persicae and also the amount of ingested material
that was returned to the plant during the next feeding period. The two-spotted spider mite
Tetranychus bimaculatus and its eggs became radioactive [104] when reared on bean plants
grown in P32, The potato psyllid Paratriozé cockerelli is an important sucking insect which
transmits the “psyllid vellows"™ disease. The psyllid nymphs and adults became radioactive
after feeding on plants containing P32, but normal plants did not become radioactive from
being fed on by the radioactive psyllids [93]. The pineapple mealybug Psendococcus brevipes
transmits striping, spotting, and wilt disease of pineapple. Mealybugs fed on agar gel
containing P32 became radioactive, and transferred P32 to plain agar gels and to plants by
their oral secretions [27]. Tamished plant bugs transmit a number of plant diseases. With
P32 as a tracer, it was found [47] [48] that when feeding, the volume of oral secretion injected
into the tissues of a host plant was from 0.05 to 0.25 lambda. Green peach aphids fed on
P32-treated tobacco plants became radioactive, and injected radioactive saliva which was
translocated by the tobacco leaf, The aphids also excreted radioactive honeydew and faeces.
The saliva and honeydew may cause part of the injury to tobacco plants [78].

The nematode Wuchereria bancrofti became highly radioactive in Culex fatigans, and
Setaria digitata in Armigeres obturbans when these mosquitoes were treated [401 in the
larval stage with P32, The radioactive mosquitoes fed on infected animals and the nematodes
became radioactive, which will be of value in studying the early development of the filarial
infections in definitive hosts.

VII. Radiation

The effects of radiation on insects have been studied with regard to mutations and
chromosome phenomena, cell division, embryclogy, growth, physiology, metamorphosis,
reproduction, and behaviour. These effects have been practically applied to controlling
insects, controlling vector-borne pathogens, and sterilizing foods infested with insects.
Insects have also been used extensively as a biological dosimeter of radiation.

It is difficalt to summarize the effects of radiation on insects because the result may be
retardation, inhibition, or enhancement of development, metabolism, or reproduction, or
even death.

There are many practical uses for radiation in agriculture. These may be listed as follows:

(a) Radiation for developing new genetic characteristics of value for control such as high
male-sex-ratio strains, lethal factors, characteristics that are dominant which may be
introduced into a natural population and will result in mortality, such as wingless,
sterile, or other characters.

{b) Irradiation-sterilization of males. The practicality has been completely demonstrated
in the screwworm fly efimination in Curagao and the southeastern United States
{16] [77] [B2]. This success has stimulated research on the potential of male sterilization
in the oriental fruit fly Dacus dorsalis [13], the Mediterrancan fruit fly Caratitis capitata
and the melon fly Dacus cucurbitae [109], the codling moth Carpocapsa pomonelia
[83], the white pine weevil Pissodes strobi [64], the tsetse fly Glossing morsitans [94],
and mosquitoes [38] and other insects [29].
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{c) Irradiation killing of stored insects in agricultural products, especially in packaged
foods. The use of gamma-radiation from Cof0 and fission products has been well
studied with a large number of species of stored-products insects [10] [31] [61] [62]
[68] [92] [95] [105]. Units for irradiating food have been designed and tested.

(d) Radiation control of wood-boring insects in certain wood, including furniture, offers
some promise [20].

(e) Use of radiation has proven to be highly effective in detecting insect infestation in grain
[85], coffee [44], and in other foods or agricultural products.

VIII. New and additional wses of radioisotopes

New methods of insect conirol are being initiated that offer excellent promise in control
and elimination by using insects against themselves. These methods include the following:

(a) Release of irradiation-sterilized males. This has already been proved with the elimina-
tion of the screwworm fly in Curacao and the southeastern United States.

(b) Use of chemicals and hormones to cause sexual sterility or deficient characteristics.

(¢) Release of insects infected with parasites or pathogens particularly to destroy progeny
and contaminate the environment,

(d) Release of insects with special genetic characteristics including lethals, sterile hybrids,
high male-sex-ratio, deficient characters and mutants.

(e) Substitution or replacement of harmless races or strains into ecological habitats or
niches of pest species.

Radiation is required in sterilizing males and in producing genetic mutants and characters.
In all these methods where the insects are not killed as with insecticides, but are released to
eliminate or control themselves, detailed ecological and population data are required.
Methods using radioisotopes have been reviewed briefly which are required to provide the
ecological data to make this type of control possible. The use of methods {a} to (d) has been
reviewed [77] and the theoreiical statistics of population reduction have been determined
using data with the cotten boll weevil. The substitution or replacement method was based
on a discovery of a non-biting race of mosquito almost identical to a biting race of the
same species. The difference in biting habits was discovered by use of P32 in labelling 3
million of the mosquitoes [70]. These new methods of control can be used together in
various combinations, or concurrently with insecticide control. Use of a sterile strain which
has been selected to become insecticide resistant would give it dominance in a normal
susceptible population and speed up its elimination.

Many other uses of radicisotopes in agricultural entomology are awaiting study. Certain
plant-insect relationships can be explored using radioisotopes, for example in studying
trace elements which sometimes form the basis of plant resistance to insect attack. They
can be used in studying pollination of plants by insects. Domestic-animal and insect host-
parasite relationships can be studied, using radioactivity to elucidate life histories and to
locate the radioactive parasites in the host animals at intervals of time. Radioactivity can
be used to locate ¢gg-laying and overwintering sites of various insects,
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DISCUSSION

G. B, V1apo (Philippines): In your remarks on labelling the migratory locust, 1 presume
you were referring to the solitary stage?

D. W. JENKINS: As a matter of fact I was quoiing Dr. Huque, who told me of his plans
to label the solitary stage and to determine what happens on transition to the migratory
stage.

P. J. Droras (India): It may be recalled that in India, some twenty years ago, individuals
of Schistocerca gregaria were successfully converted from the solitary to the gregarious
stage by means of rotating machines; the conversion appeared to be induced by rotary
motion.

M. 8. QuratsHI {(Pakistan): Dr. Jenkins showed us slides of a fly attacked by Empusa
muscae, This is of particular interest to us as we have been doing some work with this
parasitic fungus and have found that DDT-resistant strains of housefly were completely
eliminated by the fungus, whereas normal strains werc less affected. In collaboration with
the Chemical Research Division of CSIR we worked on the isolation and identification
of the metabolic products of this fungus. To date we have been able to identify three different
compounds: one is succinic acid which is, of course, a metabolic product of several fungi;
another is an oil with a sweet aroma, on the constitution of which work is being done; and
the third compound is found only in traces with succinic acid, and has some insecticidal
properties. Now I think that if the mode of action of Empusa muscae were further studied
it would help us not only in identifying this compound but also in discovering its mode of
action in killing the flies. At one time it was believed that the fungus kills only by ramifications
of the mycelium, which become so extensive that the physiology of the fly is disturbed, but
the discovery that certain of the metabolic compounds are insecticidal would, it seems to
me, throw a new light on the situation. Perhaps isotopes might be helpful here.

D. W. Jenkmns: This report you have given concerning possible selective effectiveness
against resistant houseflies is extremely interesting. My own particular interest in Empusa
was prompied by the consideration that, by disseminating heavily-labelled fungi—mow
possible with the aid of a suitable radioisotope—it would be possible to determine how
widely the material is spread, through autoradiographs on suitably-placed X-ray film, and
to check the effectiveness of the flies in disseminating the radioactive fungi through the
population on release. Radioisotope technique would also be extremely valuable for
showing the method of entry of the fungi into the insect, and so on. Altogether, I think that
radioisctopes could be extremely valuable in this field.
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M. S. Qurarsar: 1 should like to add one further comment. In Karachi we know that
large numbers of flies breed in sewage pipes, encouraged by the thick consistency of the
sewage, which has been brought about by failure of the water supply to keep pace with the
recent enormous growth of population. In addition, many of the manholes are broken,
providing easy access for oviposition, In some pipes there are larvae breeding by the hundred
thousand. For some time past I have thought it might be a feasible idea to introduce Empusa
muscae into the pipes, and if we can now make the fungus radioactive in order to trace its
movement and pattern of establishment, there might be a real possibility of control here.
Perhaps Dr. Jenkins would comment on this proposal.

D. W. Jenkins: I have no specific comments, but I think it would be very interesting to
try this. There have, actually, already been enocugh studies with Empusa muscae to show
that it has a real potential, and I might mention that a symposium was held on the use of
various parasites, pathogens, and so on in Washington, D.C., in February of this year, the
proceedings of which will be available through the American Institute of Biological Sciences.
A large number of specialists participated and there was quite a lot of discussion on Empusa.

A. R. GoraL-AYENGAR (India): Could Dr. Jenkins tell us whether any work is being
done with radioisotopes in the United States on bookworm and book lice?

D. W. Ienkms: 1 know of none that has been done.
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Absiract — Résumé — Ammorarms — Resumen

The use of cadioisotopes and radiation in the ficld of plant protection. Extensive investigations
are being carried ont in the Soviet Union with a view to working out methods of using radioisotopes
and ionizing radiation for the solution of theoretical problems, and for carrying out practical work
in the field of plant protection.

Tonizing radiation is used for its effects on microorganisms, crop seeds, and insects. By means of
the effects of fonizing radiation on microorganisms, strains of entomopathaological fungi (Beanveria
bassiana and Aspergillus flavus) of increased virulence have been produced. Sterilizing doses for
stored products pests have been worked out and used as the basis for the design of a gamma de-
insector.

The use of isotopes as tracers has made it possible to follow the dynamics of the movement of
insecticides within plants and within the organisms of pests; to make a comparative evaluation of
toxic agents having a systemic action; and to ascertain the duration of the toxic characteristics of
such agents in plants and agricuftural produce, which is very important for defining the safe time-
limits for using toxic agents on agricultural crops. For studying the selective action of the 24D
herbicides, the concentrations of herbicides as governed by additions of mineral oils were determined.

The labelling of toxic chemicals with short-lived isotopes makes it possible to test the degree of
effectiveness, for various crops, of airborne and ground techniques of dusting and spraying and also
to ascertain the amount of toxic chemicals required per unit of area in relation to the crop grown, and
to determine the effectiveness of various systems of dusting and spraying.

By means of marking agricultural pests with radicisotopes it is possible to study the migration of
large-scale grain-crop pests and their parasites, to define the reservoir areas, the size of the popula-
tions, etc. The method also makes it possible to study the food cycles, to locate predatoriness and
parasitism among insects, and also the preferences of predatory and parasitic insects with regard to
their victims and hosts. Further advances along the lines described will hasten the solution of urgent
problems connected with plant protection.

Emploi des radioisotopes et rayonnements pour la protection des végétaux. L’Union soviétique
effectue d’'importantes recherches en vue de mettre au point des méthodes permettant d’utiliser les
radioisotopes et les rayonnements pour résoudre les problémes théoriques et pratiques relatifs 4 la
protection des végétaux. ’

Les rayonnements ionisants sont employés pour agir sur les micro-organismes, les semences de
ceréales et les insectes. En exposant les micro-organismes a I'action de rayonnements ionisants,
I'auteur a obtenu des souches de champignons entomopathogénes (Bearveria bassiana et Aspergitlus
Favus) d"une virolence accrue. Il a déterming les doses nécessaires a la stérilisation des espéces nuisibles
vivant dans les silos 4 grains, et ces doses ont servi de base 4 I'étude d’un irradiateur gamma destiné
2 la Tuite contre les insectes.

L’emploi de radioindicateurs a permis de déterminer la dynamique de la diffusion des insecticides
dans les plantes et dans les organismes des espéces nuisibles, d’évaluer par comparaison les qualités
des poisons agissant sur l'ensemble de I'organisme et d*établir la durée pendant laquelle ces poisons
conservent leurs propriétés toxiques dans les végétaux et les produiis agricoles, ce qui revét une grande
importance pour fixer des délais 4 observer lorsque les insecticides sont appliqués aux céréales.
En étudiant les effets sélectifs dés herbicides du type 2,4-D, 'auteur a également déterminé les con-
centrations de ces produits en fonction des diverses quantités d'huile minérale qui leur sont ajoutées.

* B pansol paGoTe TIOMAMO 4BTOPOB IDHAMMANH yaactis A, B. Boesoaun, A. A. EnnaxoBa u
A. B. XoraHoBHR.
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Le marquage des agents toxiques au moyen d’isotopes de courte période permet d’évaluer I'impor-
tance du traitement & appliquer aux diverses cultures par épandage aérien ou terrestre, de déterminer
les quantités appropriées de produits toxignes A utiliser par unité de surface pour une culiure donnée
et de vérifier 'efficacité des pulvérisatenrs de divers. modéles.

Le marquage des espéces nuisibles aux cultures agricoles permet d’étudier les migrations massives
de ces espdces et de leurs parasites, de découvrir les endroits of ils vivent en colonies, de déterminer
Fimportance des populations, etc. En outre, on péut ainsi examiner les problémes des cycles ali-
mentaires, étudier I'entomophagie €t le parasitisme chez les insectes, et déterminer la préférence dont
les entomophages et les parasites font preuve dans le choix de leurs victimes. Le développement
ultérieur des recherches dans le sens indiqué hitera la solution des problémes les plus urgents que
pose la protection des végétaux.

Henonszosanue pANHOAKTHRALIX HI0TONOS ¥ pankayua B ofaaers samprm pacreauwii, B CoreTcrkom
Corose B 1MPOKOM [NAHE TIPOBOARTCA NCCAEROBAHMA MO pa3paboTke METOAOB HCOOIL3OBAHWA
PAAHOAKTHBHBIX HIOTONOB i HOHH3UDYIOUHX HANYUSHAR IPU PAIPCIUSHHN TEOPETHECKHX BOIPOCOR
M NPaKTHYECKHX 3aiav & 0DAACTA 3ALUMTEL PACTEHMIL

Houuanpyolue #3My4YeHHA NPHMEHRIOTCR IUTA BO3ZAEHCTBMA HA MHEKPOODTAHMIMBL, CEMEHA
CENbCROXO3RHCTRSHHBIX KYALTYD, HaceKoMblx. ITyreM Bo3fclicTBNA NOHNIUPYEIOLEME MIMYYCHH TMH
HA MEKPOOPTAHN3MBE OBIIH TIONY4YEHEE WITAMMBl 3HTOMOOATOrEHMBIX TpUboB (Beanveria bassiana
u Aspergilius flavis) ¢ TIOBLINEHHOH BUPY/ICHTHOCTBIO. YCTAHOBNEHE! CTEPHNUIYIOIIHE JO3BI
A aMOAPHBIX BPESHTNCH, KOTODLIE HONOKEHB B OCHOBY IPOSKTHPOBAHUS [AMMAa-Ie3MHCEKTOPA.

[pumeHeHse MIOTONOR B KAveCTBE WHAMKATOPOB UHO3BOMMAG NPOCIACAHThH 33 HHHAMHUKOHE
PACIPOCTPAHEHHS MHCEKTHUMAOB B PACTEHHNX U OPraHN3iMax BPEIUTEICH, NPOWBDINTE CPABHH-
TENBLHYIO OOSHKY KA%ECTBA ANOR CHCTEMHOTO HEHCTBYA, YCTAHABAMBATE ANMUTESABHOCTE COXDAHSHHA
TOKCHYECKIX CRONCTE A0B B PacTEHHAX W CENECKOXO3AHCTReHHOH DPOOYKIHH, MTO HMeeT ocobo
BAKHOE 3HAMEHHE TPH ONPEASIHUM BOMYCTHMBIX CPOKOB O0paloTKM S/3MH CENBCKOX03ANCT BEHHRIX
xyneTyp. [pr m3yuenys HIOUpaTenEHOTO AchcTBUA repSununoe 2,4-J1 OGhITH YCTAHOBICHM H [Ep-
BUIMIHBE KOHUSHTPALRH B 3aBHCHMOCTH OT PAa3NHMBELIX NOGABOK MHHEDANLHBIX MACEN.

Brecenue B aJOXHMHEATH H30TONOB ¢ KOPOTKHM NEepHOOOM RONypachaisa (B MHAHKATOPHBIX
KOJTMMSCTBAX) TO3BOIIHT NPOBEPATE KadecTao 00paboTKY 2 1aMM PAVIHYHELX KYILTYD NPH MPHMEHEHHN
ABHAINOHAOTO H Ha3€MHOTO METOHOR ONPRICKMBAHHA, & TAKKE YCTAaHABAHWBATEL IIDTPSOHEIC HOPMEL
pacxofa ANOXMMWKATOR HA SIWHALY WIOMAOM B 3aBUCHMOCTH oT OBpadaTieieMoit KyNETYpPH
W OOpeaenaTe 3(HpexTUBHOCTE pabOTH ONPBICKUBATENSH PASIHYHEIX CACTEM.

MeTon MAPKWPOBKH PaTHOAXTHEHBIMR H30TONAMH BPERANTEREH CeNbCKOX03aHCTBEANBX pacTermii
NO3BONH H3¥IATE MHTPAIHMH MACCOBBIX BPEAHTERCH 3CDHOBRIX KyYIBTYP H HX HaPa3HTOR, OAPEASIATE
MECTA HX pelepBaliMH, YNCIIERHOCTE TIOnyasisid u T.4. Kpome Toro, MeTOR maeT BOIMOXKHOCTH
MCCAENOBATE BONPOCH MHIIEBLIX LHKIIOB, YCTAHABIMBATA XWIIHAYECTBI, OAPIATASM cpeOH Hace-
KOMBIX, & Takke NPealoyRTASMOCTE ¥ XHUTHMKOR M IIAPAsMTOB B BHIJOpPe XOIAMHR U KepTBLL.
Hansyelliee pasenTHe paboT B YKA3AHHEIX HAUDABREeHHAX YCKOPHT paspeilieHue Haubonee
AKTYANEHLIX ITpOONeM B 3aDIATE PaCTeHWH,

Empleo de los radioisbtopos y de las radiaciones en Ia esfera de la proteccion de [os vegetales, En la
Unién Soviética se llevan a cabo amplios estudios con miras a8 establecer métodos que permitan
emplear los radicisétopos y las radiaciones ionizantes para la solucién de una serie de problemas
tedricos ¥ practicos en Ia esfera de la proteccién de los vegetales.

Las radiaciones tonizantes se utilizan para itradiar microorganismos, semillas de cereales e insectos.
Por exposicidn de microorganismos a las radiaciones ionizantes, se obtuvieron cepas de hongos
entomopatdgenos { Beanveria bassiana y Aspergilius flavusy de virulencia acrecentada. Se determinaron
las dosis necesarias para la esterilizacién de especies nocivas que se desarrollan en los silos de cereales,
lo cual permitid desefiar un desinsectador de rayos gamma.

El empleo de los radicisdétopos como trazadores permitid estudiar la dindmica de la difusién de
los insecticidas en fas plantas y en los organismos de estas especies nocivas, evaluar por comparacion
las cualidades sistémicas de los agentes toxicos, establecer la duracién del periodo durante el cual
é5t0s conservan sus propiedades toxicas en los vegetales ¥ en los productos agricolas; este factor
reviste considerable importancia para conocer los limites de tiempo que se han de respetar en la



OPHMEHEHHE PATHOAKTHEHBIX H30TOOOB IIPH H3YYEHHH BOIPOCOB SALIMTEI PACTEHMH 25

aplicacion de estos venenos a los cereales. Al estudiar la accidn selectiva de los herbicidas del tipo
2,4-13, se determiinaron asimismo fas concentraciones de estos productos en funeién de las cantidades
de aceite mineral afiadidas.

La marcacion de los agentes tixicos con radioisdtopos de corto periedo de semidesintegracion
permite determinar el grado de eficacia de los métodos de pulverizacion aérea y terrestre para distin-
tos cultivos, asi como la cantidad 6ptima de veneno por unidad de superficie en funcién del cultive
tratado y la eficacia de distintos modelos de pulverizadores.,

El métods que consiste en marcar con radicisdtopos las especies nocivas permite estudiar las
migraciones en masa de estos organismos, de sus pardsitos, localizar los sitios en que forman colonias,
la densidad de éstas, etc. También pueden estudiarse asi los ciclos alimenticios, determinar la entomo-
fagia y el parasitismo de los insectos, € igualmente la preferencia de Ios entomdfagos y de los pardsitos
al escoger sus victimas. La ampliacion de estas investigaciones siguiendo esta direccién acelerard
la solucion de Ios problemas mds urgentes que plantea la proteccidn de los vegetales.

B Copercrkom Coro3e ACMONB3IOBAHHC ATOMHOH 3HEPIMH B MHDHBIX IENAX SABINETCH
rocyaapcreeHuoit 3amadei. McecnegoeaHus B 3TOM HADpAaBICHHK BeAYTCA IFAPOKHM
poHTOM, OXBaTHIBAA pa3IMuHele 0DIACTH HAyKR.

B oﬁﬂacm CENBCKOTO XO38iicTRa HCCNRIENOBaHHA IO HCMIOIL3IOBAHHMKD aroMoit JHCPIHHU
BOSTIABNAET KoopaaHauroHAROT CoBeT npu Boecowo3Aoi CENbCKOXO3AHCTREHHON Aka-
nevuyu uveHA B. M. JIemmuna. B nnarmax CopeTa 3HAYMTENBHOE MECTO OTBONMTICH ACCIE-
AOBAHUAM TIQ IPHMEHEHAK DAJNOAKTHBHbIX H3OTOMOB M H3NMy4eHuil B ofIacTH 3ammTh
pacTeHWH, HMeronieH Ype3BbMAiHO BAXKHOES 3HAYEHKE A1 CENBCKOID X03MAHCTBA CTPAHEI,

B 3TRX HCCRCAOBAHHMAX BeOYWIYIC DONE BLUIOJHAST BCECOO3HEIN WHCTHTYT 3alWTHD
PAcCTCHUH.

OCHOBHBIMH HAUPABNSHHAMH HCCIeJOBaHHR B 00macTy MCOONL3IOBAHUA DATMOAKTHB-
HBIX H30TONOB H HAJIYYEHMH B 3alliTe DACTEHHN ABJIAIOTCH:

1. IlpuMeHeHEe pPaAMOAKTHBHBIX H3OTOHNOB B Ka4eCTBe MHIAMKATOPOBE NIPH M3YyYCHHHR

BONPOCOR TOKCHKOJIOIMM HACEKOMBIX, TPHI3YHOB H HWHTOKCHUKAOWH DAacTCHHIL.

2. OmpegeneHne OCTATOYHBIX KONMRISCTB AOOXHMHKATOB B CENBCKOXO3MECTBEHHOH
NPOOYKIHA,

3. HU3yucnre m3bHparensHoro meiicTens repOHIEIOB.

4. Ompenenenne kaksecTsa 00palOTEH CENBCKOXO3ANCTBEHHEIX pacTeHHd TECTHLRIAMH
TIPH HA3ZeMHOM M aBHAHWOHHOM METOHNAX ONPBICKHBAHHUA.

5. Hzyuenue Boupocos GHONOTHH BPeAHLIX TDRIAYHOB, HACEKOMBIX, 4 TAKKE TAPA3HTOB
¥ XMIOHWHKOB HOCHEIHUX,

6. Hcnone3oBande pagMoakTHRHLIX HE3AYICHHH ANA BO3ICHCTSBHA HA OPFAHU3MEL B
LEMAX CTHMYAMPORAR#HA MNPOLECCOB PAIBHTHA TIOJE3HBIX U YIHETEHAA BPEOHEIX
OpPTaHH3MOB,

B HcCiea0oBAHKAK, OTHOCALUHUXCA K IEPBLIM TPEM HAMNPABICHUAM M HMEIOINHX IIPOH3IEO/-

CTBEHHOC 3HAYEHHE, BCOOJB3YIOTCA IPEHMYLIECTBd METO2 PaJHOAKTABHBIX HHAHKATOPOB,

PanuoakTHBERIE H30TONLI B KAYECTBE HHIUKATOPOB NPHMEHAWOTCA NPH HIYICHUR
NPOHUKHOBEHHA ¥ IHHAMHEH PACIPOCTPAHEHHA HHCEKTHIITHIOB BHYTPRHPACTRATEIIBHOEIQ
AeACTBUA B PACTEHHAX, A4 TAKKE PAZJIMYHEIX TOKCHK3HTOER B HAaceKOMEIX H IpeizyHax [1].
Tag, HaupHMeED, METOOOM pafHOABTOrpadw OLLTA YCTAROBICHA KAPTHHA NPOHHKHOBEHAA
HHCEKTHLRIOORB B PACTEHHA OPH HAHECEHHH HX Ha NMMCTEA HIIH BBEMCHHM KX HEPE: KOPHHE.

B uHCTHTYTE B8L1 pa3paboTaH METOA CPABHUTETLHON OHEHKH HHCEKTHUAIOR, MMEIOMHX
TIPOHIBOACTBEHHOE IHAYCHUE,

Mccneayemble 0 3TOMY METOXNY WHCEKTHIMAB! BBOLAICA B MOYBY HiH HAHOCHTCH HA
YacTh NuCTHEB pacTeHrH. [Io HcTeMeHHH HEKQTOPOTQ BPEMEHHE H3 IIHCThHEB PAcTEHRH
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TIPArOTORIBEOTCS JKCTPAKTH PASIHYHEIME PACTEBOPATENAMH — BOAOH, aipEpoM, aneTOHOM,
CIMPTOM H AD.,— KOTODPBIE B BabHelireM AHATH3EPYIOTCA XPOMATOI padirecKkaM MeTORO0M.
PaguoMeTPUYECKAl AHATAZ XPOMOTOCPAMM 3KCTPAKTOB, NPATOTORIICHHBIX HEpe3 pas-
NPMHBIE TPOMEKYTEH BpeMeHM OT HAUaia ONbTA, NO3BOJIAT YCTAHOBHTH 3aBHCHMOCTD
HOOCTYNNEHRS A3 B PACTEHHE H €r0 PA3NIOREHHS OT BPeMEHM. THOMIHAA 3ABHCHMOCTE
HAKOMIEHUS B PACTCHAA HEPANIOWHBIICIOCH TOKCHRAHTA MM 0Gpa3oBaBuIEXCS TOKCH-
YeCKAX COemEHEHWH M200pakeHa HA PHC, 1; INx CMCTEMHOTO sifia THHA MepKamTodoca
— gpEBas | M A KOHTAKTHOTO Afa THNA NApaTHOH — Kpieas JI, MakcwMyME! 3TEX
KPHMBEIX CABEHYTEL OTHOCHTENLHG APYT Apyrd. IIpeiem MAakcAMyM JiIq AKOB, obIagaomeEx
CHCTEMHEIM OcHCTEHEM, HACTYNAET PaBbINe, YeM IJA S70B KOHTAKTHOTO NelicTsus, Bem-
UHHZ HTHX MAKCHMYMOB Takke pasmuesa, Ecnw npasarh Makcamym xpusoit (I} 3a 10057,
ro mns KpEsoii (II) 3ToT MakceMyM Gynmer cocrasiark 17-209) oT MarcuMyMa It
TOXCHEKAHTA CHCTEMHOFQ AEHCTBAA.

Puc. 1

TEIHRAS 39BHCHMOCTEL HAKOIUIEHAS TOKCHKAHTOB B DAcTEHMAX:
I — sg cucremsoro gelicrens; 11 — 4m xoHTakTHOro peficreua

JanpReimme HCCNENOBAHWS HHCEKTHUHIOB CHCTEMHOTO JEUCTERA TIPOBOSAICS Haj
PACTEHHAMH, KOPHHE KOTOPHX NMOMEMAIOTCA B BOXHEIC DACTBODLL, COACPXANEES MHTATEIE-
HEle BemecTsa (Mo Kuomy) B HCOBITYeMbie TOKCHKAHTE, B ODEITAX K BOOHEIM DAacTEOpPEM
AOGARIMOTCA MHCEKTHIMAR, KOHLCHTPAIEA KOTOPHX OO oTHOmemIo K ofmeMy obnemy
pacTropa, cocraenfer 0,05% ¢ yOenbrol pamMOAKTHBHOCTRIO 1 MEKIODH HR MHAJIHIHTD
pacreopa. ITo BCTeTeHAN MICCTH CYTOK, 4TO HAXOANTCA B MPeAeNaX MakCHMyMa HAKOILICTHA
TOKCHKAHTA, YCTAHORIEHHOTO TIPEIBYIIAM OIBITOM, KODHEBAS CHOTEMa, PAcTermil ofMbI-
PACTCA B NPOTOMACH BoOe M NEPCHOCHTCA B HWTATENLHENI pacTsop, BE COAcpKaIrad
MHCEKTHIMAOB. 3aTeM, METOA0M PATHOXPOMATOrpadER NPOR3BOMHTCS AHAIIAS JRCTPAKTOB.

Taxkoll METON NO3BONACT YCTAHOEHTE ANIHTELHOCTE COXPaHeHHA TOKCHKARTOR B DAaCTCHHH,
T.¢. CraOBNBHOCTE 3TYX TOKCHKAHTOB.

Ha pec. 2 npuBeseHa THMNMTHAS KpHBasd, MOKA3LIBAIOWIAA 3ARHCHMOCTE CONCPRKaNHA
TOKCHKAaHTa B DacTeHHH OT BpEMEHH. 3Ta KpHBad Onlla HONYICHA ¢ TOMOIRBIO XPOMO-
TorpadHEyeckoro ¥ pamMOMETPHIeCKOTO METONOB aHANH3a OUBITHLIX PAcTCHHI.



MPUMEHEHUE PAJTHOAKTHBHBIX M30TOIOB TIPH M3YUYEHUM BOTIPOCOB 3AILUMUTLI PACTEHHH 27

OOHOBPEMEHHO C BBEICHHEM TOKCHKAHTA B DACTBOD MPOBOIMIICH OHONOTHYeCKMit
KOHTPOME TOKCHYECKOro JelicTBusi wHceKTHUMIA. C JTOH IeNbI0 HA JIMCThA PACTCHHIL
noacaxusaimck TINH (Myzodes persicae Sulz) ¢ onpeeNcHHON NTCPHOAUYHOCTERIO.
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GYTKH
Puc. 2

3aBHCUMOCTH COXpaHeHHA TOKCHYHOCTH HHCEKTHUHOAMH CHCTEMHOIO JelcTBUA

AB — TOKCHYECKHMH YPOBEHB

IIpu 1aHHOM KOHUEHTPALMH pacTBOpa Havano THOENH HACEKOMBIX TPOHCXOIHT B
uHTepBane or 1 mo 2 cyrok. DTOMY BPEMCHH COOTBETCTBYCT COJECPIKAHUE MOCTYIMBIIETO
TOKCHKAHTA, NOCTHraroliee oT 35 uo 459% MakciMyma, HW300pa)KeHHOTO Ha PHCYHKE.
B panbHeHmeM KOTIEHTPALMA HHCEKTHIMAA B PACTEHHMM MPEBBLIIIANIA TOKCHYECKYIO J03U-

Puc. 3
CxeMa onplTa st M3YYCHHUS BBIOCIICHHS TOKCHKAHTOB KOPHEBOM CHUCTEMOi pacTeHus
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POBKY H TONEKO Ha 19-24 cyTKH ROHUCHTPALNA HHCCKTHIMAL, BCIEACTBHE €10 PA3IOMEHES,
YMEHBIIATACH HEME TOKCAYECKOTO YpoBua AB.

Onnaxo, xax TOKA3LBAN XPOMOTOrpadHYecKuil anamms Handyde yOBBAIOIICTO Hepa-
3NOKMBLIErOCA HACCKTHINAA HaGmoeaanock nocme 35 cyTok.

V6binE B pacTeHMH TOKCHKAHTA MOXET OLITL OTHSCSRA 34 CHET €ro PACNAA BOIENCTBHE
npoueccoB MeTabomu3ma, a Takke 38 CYET BLIBEACHUH TOKCHKAHTA KOPHEBON CHCTEMOIL,
YTO TMOATBEPKTACTCA CIENYIOIIHM ONBITOM. ¥V HOpMalsHEOTO pacTens (Pmc. 3} orMsr-
BAACE OT TWOYBBI KOPHEBaA CHCTEMA H KOPHH OCTOPOMKHO pasfeifNCh HA IBC YACTH.
3aTeM 3TH KOPHH IOMEIDAIICE B ABA COCYHA © MATATEILHEM pacTeopoM Kuona, B omnn us
cocynos ponneanca 0,05 %0-Replif pacTEOD MHCEKTHUMIA, CHHTE3HPORARHELA C PANECAKTHEHEIM
m3oTonoM docdopa. 3aTem wepes kaxarie 30 MEHYT H3 COCY/A, TAS GBLI TOIBKO NATATE b-
Hetlf pacTeop (6e3 panmcaxtHBHLIX J0GaBok) Opanuch THPOBLI, KOTODLE TPOBESPIHCL
HA pafgAOMETpryecKod ammaparype. OKazanock, 4To ¥epe3 9ac B OTOM pAacTBOpPE Hayana
oOHApYX¥BATHCS PATHOAKTHBHOCTD, KOTOpas YBEMMYHBATIACH CO Bpemenem. Yepes ABoe
CYTOK KOPHH PACTEHWA R3BICKANMCh H3 COCYHAOR, H B COCYM, B KOTOPOM NEPROFAYATIEHO
He OBINO DPANHOAKTHBHOCTW, BEROJWIMCE KODHH APYTOTC DACTEHHA, HA KOTOpOe Ghinm
noncaxessl T, Yepes Tpoe cyrok Y, Thel moruine, 310 mOKA3HIBACT, YTO KOPHAME
OEPBOro DacTCHUA Obin BRENEH B COCYA HEPA3TIOMUBINMECH TOKCHXAHT, KOTODHI B
JaneHEHHIEM DOCTYIMA BO BTOPOE DACTEHRE W JOCTHT TOKCHYSCKOH KOHIGHTPAIIHH.

Ilpusesernnie AAHHBIE TOKAILIBAIOT, YTO NPUMEHEHHE DAHOAKTHBHAIX H3OTOHOR B
KayecTse HHAHKATOPOB AAET BOIMOKHOCTD HCCRSAOBATL CKOPOCTh [POHHKHOBEHHA A00B
B pAacTeHHd, JIOKANW3ALMEIO WX B OTAEHBLHEIX OPraHax H IUTUTETLHOCTh COXPAHCHUA TOK-
CHIHOCTH.

W3ydvenne 5THX TPOLIECCOR [A€T BOMOKHOCTE NOIYIHTL XAPAKTEPUCTUKY TOKCHIECKOTO
HEHCTRHA ANOB, OCOOCHHO ANOB HOBOFO CHHTE3A.

INpumenenne A70B, CHHTEIAPOBAHHBIX ¢ OJHMM W/AH HECKOIBKAMM H3IOTOMAME, B
COTYCTAHMH C METOZIOM XPOMOTOrpadmi nO3BONACT HCCASHOBATL TE H3MEHEHHS, KOTOPHE
NPCTEPNEBA0OT TOKCHKAHTEI B PE3YNETATE NPOLECCOR KAZHENEATENRHOCTH PACTEHHIH,

bonuimoe 3naYeHne B NPAKTHRE HPHMEHCHUS MACEKTAIMAOE B 3ALIATE PACTERHN HMeeT
BOTIPOC OCTATOYHBIX KOJIHMECTE AQOXHMEKATOR B CENBCKOXOZANCTREHHEX NPOIAYKTAX.

OfbiTEI, MPOBENEHHEIE C TIPENMAPATAMH AAO0B, CHATE3WDOBAHHBIX C PARHOAKTHBHEIM
H30TOHOM ocdopa THIIA MAPATHOH, KAMY BOMOKHOCTD. YCTAHOBHTE CKOPOCTE HPOLECCOR
THAPONA3A 3THX nNpenapaTtos [2—5].

3TH TPOECCH I'MAPONA3A JIPOMCXOAAT DOMEE MHTEHCHBHAO BHYTPH DaCTEHHR, HEKEMM
Ha €r¢ MOBCPXHOCTH, BCICACTBHME YYACTHA B NAHHOM NpOLEcce depmenTor, OnpemencHue
CKOPOCTi [MAPONE33 MO3BONRET YCTAHOBHTE NMOOYCTHMbIC CPOKM mpemyGopouncd obpa-
GoTkd pacTeHEEdl In GOPEOEI © BpCAMTEIAM,

PaauoakTuBHBlE W30TOML. OBUIN HCIONL30BAHET TAKKE INIPH H3YYCHMHM BOIDOCOB
n3bHpatensHoro AekcTRAN repbmynaoe. Hecnenosanws, npopeaeHsse ¢ repbuLmmon 2,4 J1,
CHHTCIADOBAHHBIM C PAJEOAXTHBHBIM H30TOTIOM yrnepoma Cl4, gany BO3MOXHOCTb
M3YHHTE HPOUECCH NBXATENRHOTO ofMeHa pacTerni, obpaboranunix repbuimmom 2, 471,
Bbumi Taxie YCTaMOBNEHBI CTHMYNHDYIONIME DAIBHTHE PACTEHEH J03H H TepOHHMIMBIC
KOHIEHTPAUWA Ons npenapara 2,410, CTHMymHpYrommpe KOHUEHTpaus repbumiaa 2,4 11
pasam 0,000177 s HeycToM4uBBIX pacTeEn#f u 0,005% nma mireHEUn ® KYKYPY3BL.
Iepbunpaunie kxoruenTpammy (2,471) pasnsr 0,005 % nna neycrofune rixpactesani 1 0,1 %
NS TIIIEHHIL] H KYKYDY3IEI.

Ans HanboNee paUMOEANLHONO NPAKTHYECKOTO WCTIONB30BAHNA TPEnapaToB B Gophbe
C BpENHLIMH HACEKOMEIMHM HeOOXOOEMO BCECTOPOHHEE HM3IYYCHHE TOKCHUECKHX CBOHCTE
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pasmEBIX AHoB. Paspaborka naumGonee 3dihekTHBRHBIX CMOCODOR TIPHMCHCHHA HHCCK-
THIHMIOE TPeOYeT BHISCHEHHS MEXAHU3MA HX ACHCTBHA HAa BPSOHLIX HACEKOMBIX. IlepBein
3TanoM B PEOICHHM 3TOH 3aZaTi HOJDKHO OslTE HCCHSZOBAHHE OYTEH OPOHHKHOBEHHS H
AUAAMMKE paclhpelielleHHEA B PA3TAMHLIX OPrafax B TKAaHAX HACCKOMEIX HHCCKTHIRAOE M
NPOOYKTOB MX PaslOXCHHA,

Hcnombiobanue MeToJ0B PAZHOAKTHBHEIX M30TOOOB MOXET 3HAYATENLHO NPHOIHM3ATH
HAC XK NOHMMAHAID YKA3AHHLIX 3a547.

OneiTamMiy, OPOBSOCHHEIMK € HRHCEKTHIMIOM KOHTAKTHOIO ASHCTBEA POXAHOODTaHA-
HEeCKOTO COEOHHEeHH

CICH; CH>0 CH>CH, SCN,

a TAKKE ¢ AHCCKTANMAOM KHIICTHOre SeHCTBRM THOA TpMA3THMa3ortnodochaTa

C,HO
ST P—SC;Hs
CH:07

O
ObEIA YCTAHOBIEHA JHHAMHWKA IPOHEKHOBEHMSA 3THX SA0B B PA3AMYHAIE OPraHkl HACEKOMEIX,
B 3THX OUOBITEX B KadecTBe OOLEKTA WCCENOBARASA CIHYXINA a3MaTckad capamya Locusta
migratoria L.
Tasmma 1

JHUHAMHKA PACIPEAEJEHMS WHCEKTHLIOB KHIIEYHOTO
¥ KOHTAKTHOL'O JEVICTBHA

KonmayecTBo pafnoakTHBABIX Paciafios M3 pacyera 1 Mr Beca TKauu
B xaBslx OOBEKTAX, BCKPEBITEIX B xmeRx oOBEKTAX, BCKDBITEIX
Ananusupyemeie TOCTE HAHCCSHHA OpenapaTa Ha TIOCHe BBEACHMS: OPENapaTa
TKAHH OPraHoE KYTHKYITY Mepes: Hepes:
TR 15 | 20 | 45 | 60 |B ebX| 15 | 30 | a5 | go (B vepTox
MHH. | MHH. | MHH. | MHH. 24 yaca MHH,. | MHH. | MHH. | MITH. 24 waca
306 0 0 0 2 9 1875|1275 | 804 | 591 73
HKeparennebiii
KENYROK 0 0 o 4 18 5161 800 | 507 | 301 53
IImesapuTebHLIR
KENYAOK 0 0 0 6 19 309| 578| 317 | 237 82
Temonmuamba 11 26 42 46 54 3 17| 27 38 49
3aaHan KpLKd
I yqacTox Q 6 9 | 27 75 21 67| 75| 9N 125
I yuacTok 0 [t 5 21 51 0] 14| 31| 75 96
III yuacrox ¢ 0 0| 1 2t 1] 0 0] 25 8
Cepane 9 | 19 | 33 | 39 46 2| 21 2| 3@ 48
Heperas nenouka 0 2 9 13 37 0 3 11 17 31
FonoBHOH ragrauT 0 0 0 3 7 0 0 0 2 11
X nporoe Teno 0 3|1 12 49 a 50 15| 23 44
Monosse oprapsed | 0 0 3 5 39 ] 0 5 9 38
NMonoseie opraner 2| 0 0 5 7 50 0 ¢ 8| 12 40
MEelmne: Genpa 0 0 0 0 7 0 0 0 2 1




30 C. B, AHIIPEEB H {P.

M3 npmpeleHHBIX OAHHBIX BHARO, YTO OPEMApAaT KOHTAKTHOrO JeHCTRAA, NMpOHMKas
Hepe3 KyTHKYIAPHLIE CIIOH, NOOAJacT B remomumdy, 3ateM PasHOCHTCA © reMoiaMboll
IO OPTAHH3MY HACCKOMOrO M DACHODENeNAeTcs B OpraHax H CACTeMaxX HACEKOMOTO, KOH-
IEHTPHPYACH B OOnkImel CTENeHH B OPraHax ¢ LpeMMYISCTBCHHON (yRrumeit obmena
BemecTs. C TedeHHEM BpEMCHM PACHpOCTpaHeHAe TIpENapaTa CTAHOBATCH THOBCEMECTHBIM,
HO NpeHMYMECTBEHRAY TOKANH3AIES TOKCHKIHTA B Hambonee (M3AOIOTHYSCKA AKTHBHEIX
Oprarax COXpaHsaeTcCs.

CHenyeT OTMETHTH, ¥TO HECMOTPH HAa OTCYTCTBHE TOKCHKAHTA B HEIICBAPHTENRHOH
CHCTEME, TOKCHKAHT DOSBIAETCH B HepemHeM Y4acTKe 3alHeH Kmmke, DToT (akr Momer
OuiTE OOBACHCH AKTUBHOH MESATENHLHOCTBHIO BEIXENHTEMLHOH CHCTEMBI — MANTBIIATHEBBIX
COCYOB — OCBOGOMTAFOMICH OPraHM3M OT KOHEYHBIX IPOAYKTOB OOMEHA BEIECTB.

TOKCEKAHAT KHIIeMHOI'O JcH{CTEHA, BECHCHHEIH B HACEROMOE, HOCAC TOCTYIUIEHHS B
KHIIGYHLIA TPAKT TAKNKe OBICTPO DPOHMKACT B TeMomuwMdy M pacnpocTpaHAeIcAd Ho
OTHACNEHEIM OPraHaM.

Haunkie 0 JOKANM3ALHNA TOKCHRAHTOR M MPOAYKTOB HX pacuaga B OTOCTRHLIX OpPraHax
OpH NeTantHoM adiderTe MOTYT CITYRKATH CPABHUTENLELME IOKA3aTeIAMH 3ddekTABROCTH
OCHCTBAA pPaiAHIHEIX AKOE.

Hampueiimae Gonee ryDoKAe HCCISHOBANES B 3TOM HANPABICHIH JODKHbBI COYETATBCH
€ BECEMa TOHKHME QHIHOMOTO-OROXHMEIECKHMEA METOIAMH HMCCICKOBAHKS,

B DpakTHKe TIPAMEHEHHS HHCEKTHIMIOR INPOTHE BPeQHBIX HACEKOMBIX CYINECTBCHHOS
3HAYCHWE HMEET OOpENelicHHe KadecTBa OOpaboOTKH CelbCKOXO3SHCTBEHHRIX KYJIBTYD,
YCTAHOBNEHAE ONTHMANLHBIX HOPM PACXO0B MHCEKTHIIHAOE M CPaBHUTEITBHEIX XapAKTEpU-
CTHKX ONpGLICKMBaTEneH (MAIIKH) pa3HEIX CHCTEM B Iersix paspaborkm Hanbosee palHOHAIEL-
HOH ¥ IKOROMMYHOH CHCTeMLI O6paboTKH HHCOSKTHIWIAAMM pacTeHM.

Hna permmerms 31X Bonpocos B CCCP MCNONL30BAH HOBLIH METOXN, OCHOBAHHBIL HA
MPHMEHCHAH DAMOAKTHBHEIX H30TONOB, 00Iaalomux CpABHETENBHO KODOTKHM NEPHOIOM
HONypachafa, HANpHEMED, paguCAKTHEBHEOro M30Tona thocthopa.

MeTox 3aK/TI0UAETCA B TOM, 4TO B paSO4YIO XRHIKOCTh, COACPKANIYIO TOKCHKAAT, BBOATICA
HeBonsmme noGABKA PaCTEOPMMOrC Opemapara. Ilocie THATENRHOIO NEPEMEILIHBAHMA
GepyTea TpobLL, B KOTOPEIX ONPeReNsercd yOelbHAS PagVQaXTHEHOCTE paGoueit cmecw,
OTHeCeHHAA K equamne obpema. Tocie OMpPHICKABAHUA OIBITHEIX YYaCTKOB MHCEKTHLIKIOM
PACTEHRIE, IIOCTEOHEM COO0MASTCH PAAKOAKTHBHOCTE B HHAMKATOPHEIX koimiecTbax. Ilo
BelMYHHE PANHOARTHEHOCTH, OTHCCCHHAOM K eOUHHIE MOBCPXAOCTA DAcTEHAA, M H3BECTHON
YOENLHON PATHOAKTHBHOCTH OpOOLI BBEIMICIAIOTCH MHKPOKOIHMECTBA HECEKTHIMIOB,
OCEBINNX HA PA3AYHBIN YacTdx pacTeAud umu Ba nouse. Ilpumenenne GeTa-uamydaTenel
¢ Manol sHepruel HW3NYYEHHH, HalpuMep THIA S35, DO3BONSET OUHPSISIATE DazlenbHO
KOHLUEHTPAIHE MHCCKTHIMNOE HA HEMHEH M BepXHEH MOBEPXHOCTAX IMCTBEB, 9TO 4pPe3BBE-
vaiiHo BAXKHO HPH JETANLAON OleHKe XadecTBa 00pabOTEM CelbCKOXO3aHCTBEHHBIX
pacTenmit,

Mposenenanie omeTel 10 0GpaboTke pasMAMHBIX KyNbryp (MIUCHMIEL, Kaprodend o
Op.) € NMpHMCHEHHEM YKA3AHHOTO MSTOZRA HOKA3AIH 3HAMMTENBHYIC HEDABHOMEDHOCTE
pacapencneHHa SAOXUMEAKATOB (pic. 4) Kak 10 ApYCaM pacTeHis, TAK ¥ B TOPA30HTATTLHOM
HANpaBNeHHH Ha o0paboTaHAOH NMOWANN. DTAM BEI3HBAeTCA HEOOXOIUMOCTL BHECEHHS
KOPDEKTHEOE B KOHCTPYKIMH MAIMH H METOABl 00paboTku,

Ilo CpaBHEHHIO ¢ CYIIECTBYIOH[AMH METOAAMH YKa3auHbI METOH ABMACTCH uanbonee
YYBCTBHTE/ILELIM M TOYHLIM DIPH ONPEIEIeHHA MUKPOKOIMMECTB HHCEXTHIMAOB. Meton
7IZ8T TAIGKe BO3MOMKHOCTL MPOM3BOAHTH CPABHHTCILHYIO ONCHKY YIAEPHKHBACMOCTH (yH-
THOMAOE HA CeMeEHaX NpM mpemmoceBpoilt obpaboTke B HA pacTeHHMAX B 3AaBHCAMOCTH
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OT HOTOJHBIX YCJIOBHI M INPHMEHCHHA PANMYHBIN 3aKpenHTencii (MOIMMEDOB), CMATH-
paresell (MOBEPXHOCTHO AKTHBHBIX BeLIecTR),
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PACCTORHME B M
Puc. 4
Kpnapas, xapaxTepusyiomias pacopencieHue KACEKTHUREIOB npu ofpaboTre pacTenuil ¢ NOMOIIBIO
CAMONETOR

PaspaSorka 5thdexTuBHEIX Meponpusrsii no Gopebe ¢ BPEAMEIME HACCKOMEBIMI,
COCTABIICHHE OPDOTHO30B HAa MAacCOBOC Pa3sMHOXKEHHE BpENHTENCH CENbCKOXO3RHCTBEHHBIX
KYNLTY[ ¥ YCTAHOBNCHME KAPAATHHHBIX 30H ONARCHBIX BPEMMTeNcH HEBOIMOXKHO Oes
BCECTOPOHHEET'0 H3y1eHRI OHONOTEH Bpeoureneil. Ang paja MacCOBRIX BpeIUTeAeH MHOFHE
BONPOCH HX GHOTIOTHE ABAAIOTCA HENOCTATOYHO HAYICHHBIMA. K 9#CIY TAKHX BOHDOCOB
OTHOCATCA BOOPOCHT METpAUEH HACEKOMEBIX, YCTAHOBIEGHHME YHCICHHOCTH IOMIMyJISITAiE,
onpejeneEue ApCANOE PACOPDOCTPAHEHMS BPEeAWTENcH, MECT HX pesepsamuii B NEpHON
3HMOBKH M T, 1.

HM3yderne YKa3aHHEIX BOIPOCOB CTAPRIMH MCTOAaMH He ofecreumsaeT Tex Tpebopanmii,
KOTODBIC DNPEIHIBIMIOTCH COBPEMECHHBIMHM YCIOBASMM HCCICAOBAHMH. Tak, Haupumep,
METON OKPACKH HACEKOMEIX DA3IWYHLIMH KpPacsiu[EMH WIH JEOMHHSCHHDYIOMMH, COCTA~
BaMM HBIAETCA BECHMa TPYAOSMKHM H He OOECHeIMBACT JKOCTOBEPHOCTH PE3YHRTATOB
Halmopenwii, BCICNCTBAC CIOKHOCTH 0GHAPYKCHEA OKPAIICHHBIX HACEKOMEIX B IIPEPOJE.
B ceA3H ¢ 5THM BO3HMKIA ReoOXOMMMOCT: B pazpaborke HOBEIX, GoNee COBEPIICHHEIX
METOAOE HCCIICHEOBAHMS.

Haubonee NepCOSKTHBHEIM B 3TOM OTHOIICHUH ABIIKETCH METOH MAPKAPOBKE HACEKOMEIX
PanHOaKTHBHEIMK H30TON2MA. MeETOn 3akovaeres B TOM, YTO ONBITHRIM HACCKOMBIM
coodmaerca PagHOAKXTHBHOCTE OYTeM MNOTDYMCHHES HX B DaAHOAKTHBHEIN DAcCTBOD MK
THTARAA pamdoakTe Holmmmed. MapxpopaHHBIE HACEKOMEBIE DACCENTIOTCA B ECTECT-
BEHHEIX YONOBHAX H 3aTeM JEiM)y3HO PacTIpelensioTcA CPemy HACEKOMBIX, HAXOMMIIHXCH
B npupoaec. F1 no nobengHEIO MEYEHBIX HACEKOMBIX MOMMHO CYAHTL H O TeX HACCKOMELX,
KOTOPHIC HAXORATCH B NPHPOAE.,

ITo ucTeYeHHH BpeMEHH, OIPERENIACMOIC YCIOBHEM OMHTZ, O0OHADYXENHEe MApKHpO-
BAHHBIX HACEKOMBIX TIPOM3BOJATCA C IMOMOLIBI0 COSIHANLHEIX MONCBHIX pPagHOMEIDOSB,
pa3paGoTaHAEIX MACTATYTOM, WM € [yTeM aHATH3a PYYEEIX cbopob B mafopaTopdu
HA pamROMETpHYCCKOM annapatype. Jimm mapkmpopku O6abodex u IapazvTHYeCKHX MyX B
MONEBLIX YOMOBISIX OLUT IPIMEHEH METON CAMOMAPKHPOBRH KX C HCHOOIBIOBAHHEM (JOTO-
M XeMoTakcucos. B ometax mo Mmapkuposxe babouex, semymmx Houmol obpas KusHm,
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NPUMEHSIJINCh CIIELHAILHBIE JIAMIILI, OKPYXKCHHBIC TKAHbIO, HHXKHMI kpall koTopoit Obin
MNOIPYKCH B PAJMOAKTHBHBIA pACTBOP € 100aBKaMM THUTATENbHBIX M aPOMATHYECKUX
pelecTs. [TpHUBIICYEHHLIE 3AMAX0M U CBETOM HACEKOMBIE TIPHU CONMPUKOCHOBEHHH C TKAHBIO,
CMOYCHHO} PACTBOPOM, HJTM MUTAHWM 3THM PACTBOPOM MPHOOPETAIM PAAHOAKTHBHOCTD,

Puc. 5
BHECEHHE PAIMOAKTHBHOTO M30TONA B NUTATEIbHBIA PACTBOP /IS CAMOMAPKMPOBKH HACCKOMBIX

Ha puc. 5 w3oOpaxkeH MOMEHT BHECCHHs B IMTATE/bHBIA PacTBOP PajMOAKIUBHOIO
H30TOoIA.

OTnoB HACEKOMBLIX MPOU3BOAMICH C HOMOﬁLb}O ABTOMATHYCCKHUX JJICKTPOJIOBYIIEK,
pAcCTaBIEHHBIX B I10JI€ HA Pa3/IH4HbLIX PACCTOSHUAX B 3aBUCHUMOCTH OT ycnom«xﬁ .OnbITA.
Ha puc. 6 H306Da)KeHH ABTOMATHYCCKUE IMEKTPOMOBYLIKH, YCTAHOBIIEHHBIC ONA OTI/IOBA
HACCKOMBIX.

Meton camomapkupoBku (Hadena sordida Fih) v ee napasutos (Pseudogonia cinerascens
Rom u Menisus agnatus Grov) 1103BOJIHI YCTAHOBHTh PA3MEPBI MHTPAIIMHA 3THX HACCKOMBIX,
BOIPOCH! JONOMHATENLHOTO IIMTAHAS UX H T. 4. B pe3ylibTaTe MpOBEACHHBIX MCCIICAOBAHNH
ObUIO TI0KA3aHO, 4TO 0aboukk cnocoOHBI pa3ierarscs B OS3BETPEHHYIO MOroAy Ha pas-
JIMYHBIC PACCTOSHMS OT 1—3 u Gosee kM. OIHAKO caMilbl SABASFOTCA GoJee MOABMIKHBIMH.
Mapaszurel Myxu ( Pseudogonia cinerascens Rom) MOryT COBEPUIATL IOJIETHI, IPEBOCXOIsIIHE
B 2—3 pasa no JaJbHOCTH NoJiersl 6abovek. Y CTAHOBICHO TAKKE, YTO MAPA3AThHl B CTANH
MMAro NMUTAFOTCS HA COPHOH PACTHTE/IBHOCTH.

[IprMeHsisST MAapKHDOBKY PACTEHMil pa3lTMYHBLIMH PAJHOAKTHBHLIMH M30TONAMHM OBINO
YCTAHOBIJIEHO NIPEHMYILECTBCHHOE MUTAHKE ITHX [TAPA3MTOR COPHBLIMH PACTEHUAMH (CypenkKa
0GBIKHOBEHHAS — Barbarea vulgarih (R) Br, ropunua monesast — Sinapis arvensis L).
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MeTtox Mapkupoeku Kaprodennaoro xyka (Leptinotarsa decemlineota Say) 6uUl1 TpH-
MEHEH TAKXe C LEeNbIO OLPC/ICIICHUS TUIOTHOCTH 3APAXKEHHs MOCCBOB KapTodes.

Puc. 6
DJIEKTPONOBYUIKH [OJI1 OTJIOBA HACEKOMBIX

Ha puc. 7 m300paxkern MOMEHT oOOHApYXeHHMS MapKHPOBAHHBIX >KYKOB H4 IIOCEBAxX
xaprodensa. MapKupoBKa KyKOB PpaguMOAKTUBHBIM u30TOrmOoM kemom (F39), marommm
KECTKOE raMMa-M3JIyYeHue, ITO3BOJISET BeCTH HAOIFOICHHMA HaJl JKYKOM, HaxoOslIHMCH
B noyee Ha rayoune 1o 5-10 cm. IMomumo 3amutel pactennii B CCCP MeTol MapKHPOBKH
GBI IPAMEHEH PSLIOM aBTOPOB, B MCCIISMOBAHMX ¢ HACEKOMBIMA — DPAa3HOCYMKAMHU MHbeK-
nHOHHBIX 3aboneBanuii (Myxu, komapnt U T. a.) [6—11].

MeTon MAapKHpPOBKH HACEKOMbBIX pAJHOAKTHBIHBIMM H30TONAMH, Kak IOKa3bIBArOT
TpeABAPUTE/IbHBIC HCCIEAOBAHMS, IO/HKEH HAHTH NpPUMEHEHHE TaKXe TIPH H3YYeHHH

Puc. 7
QbHapyxeHHe MAPKHPOBAHHBIX KOJIOPAJICKUX XKYKOB Ha roceBax Kaprogens
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BOIPOCOB, CBA3AHHBLIX C pPa3sBHTHEM OHONOTHYecKOTO MeToda GoppbObl. K umcny 3tux
BOIPOCOB OTHOCATCS: YCTAHOBJIGHME TIHINIEBBIX LHKIOB, OIPCHCIEHHE XMIIHMYECTBA,
IIApa3UTH3Ma Cpeoy HACEKOMbIX, & TaKXKe ONpelaciclue NMPeAloYUTAEMOCTH XUIITHUKAMH
M Mapa3sHTaMH XO3sula H XKEPTBBL. '

Bonslluoe 3Ha4YcHue MpuoOpeTacT UCMOJIb30BaHWE PaaHOaKTHBHBIX M3y 4eHHIH 11 Nereit
3aMMTHl pacTeHuil. B mHCTMTYTe mMpokuM GPOHTOM Benyrcss padoTel 110 OOIyYeHHIO
MUKPOOPTaHHW3MOB, PACTEHMH ¥ HAceKOMBIX. [N 3THX Ienel UCrnomb3yroTes ClieUanLibe
YCTAHOBKH, B KOTODBIX B Ka4eCTBC MCTOYHMKA TIPUMEHSETCS PAIHOAKTHBHBIH KOOAIbLT,
akTHBHOCTLIO B 50 u 900 rpamm-sxBuBaieHT panus (cMm. puc. 8).

Puc. 8
ITonroToBKa OmbITa N0 OBJIYYEHMIO IHTOMOMNATOTCHHBIX MHMKPOOPIaHW3IMOB HA TaMMa-yCTalOBKe

IyTem 0baydenns SHTOMONATOreHHBIX I'puboOB (Beauveria bassiana v Aspergillus flavus)
nosamu nopsigka 1000 —4000 pedtren ObITM MOJYYSHBI HOBBIE MITAMMBI ITHX T'PUOOB ¢
TIOBBILICHHON BHPYJICHTHOCTBEIO. DTH MITAMMBI HCIBITBIBAIHCH B TIONEBBIX YCJIOBHAX IyTEM
nHGEIMPOBAHHA MACCOBBIX BPENHLIX HaccKOMbIX (Eurygaster integriceps put). Uramm
(Beauveria bassiana) 1an pe3koe HOBLILLICHME CMEPTHOCTH HACEKOMBIX I10 CPABHCHHIO C
KoHTpONeM [12].

Hapsi/iy ¢ 3TMM YCTAHOBJIEHbl HEOOXOAMUMBIC HO3bI /1715l TIOJIOBOI CTePUIN3aIM aMOapHBIX
spenutenei (Calandra granaria Z, Calandra orysae Z), KOTOpble HaXOHSTCS B MHTEpBaJle
7000—10000 penTren. TH 03kl IIOMOXKEHBI B OCHOBY NPOEKTUPOBAHWA CTATIMOHAPHBIX
YCTAHOBOK TaMMa-fAE3HHCEKTOPOB JUIS KDYIHBIX 3epHoXpaHunuil. Bompocy JyyeBoii
JIe3MHCCKIIMK 3epHa moceswieH pan padot [13, 14, 15, 16, 17].

IlpuBeneHHLIE JIAHHBIE W HAMEYEHHBIC TNCPCHEKTHBLI JAJeKO HE OXBATHIBAKOT BCCX
BO3MOYKHOCTel, CBS3aHHBIX ¢ NpPHMEHEHHEM DaJMOAKTHBHBIX H30TONOB M M3/IyYeHHH B
00nacTH 3a1|TEl PACTEHU.

B unensax naneHeiflero ycnemwHoro passutus paboT B 2Tol obmactu nHeobxomumo
COBMECTHOE YCHJIME M KOOPIMHAIIAA HCCIEHNOBAHUI HAYYHBIX YYPEKICHWI DPA3JIMYHBIX
CTPaH MHpa.
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DISCUSSION

F.P. W, WINTERINGHAM (United Kingdom): I was most interested in Dr. Andreev’s
experiment in which the root system was divided between two reservoirs. Could he, firstly
tell me what labelled insecticide was used, and how rapidly radioactivity appeared in the
second reservoir? The second part of my question is motivated by the fact that some years
a2go we did some experiments in which we labelled plants with $35 supplied by $35-labelled

a*
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sulphate as the sole source of sulplur. The object of the experiment was to label some
monocotyledonous seedlings with a view to placing them out in the open to study their
survival in competition with rival strains. Our big difficulty was the surprising rapidity
with which the sulphur not only was taken up by the root system but returned to the soil
after transplanting, and I should be interested to know the rapidity with which this occurred
with Dr. Andreev’s insecticide.

S. V. ANDREEV: The insecticide used was mercaptophos. As regards the rapidity of
appearance in the second reservoir, the first traces were detected after 15 min, and by
the time an hour had elapsed the activity had become quite pronounced.

I might add that this experiment has great practical significance in connection with the
use of systemic ingecticides under field conditions. For example, cotton plants, as you may
know, are planted in two's or three’s. When insecticide is applied cither from the air or
from ground apparatus, one or more plants may happen to by masked by their neighbours,
yet the insecticide has been shown to move into the masked plant through the interwoven
root systems. This fact has important bearings on the use of systemic insecticides.

D. F. Heatu (United Kingdom): Are systemic insecticides also excreted from the roots
after leaf treatment as they are after root treatment? In some experiments about 9 years
ago Parks and I showed that, when the plants were grown hydroponically and the leaves
were treated, Schradan and a number of non-insecticidal compounds were not excreted
from the rootis of brassica seedlings, nor some water-soluble related compounds from
turnip seedlings. No experiments were carried out with compounds of the Systox type of
insecticide.

S. V. Anpreev: I will describe an experiment which illustrates penetration of insecticides
into the root via the leaves of neighbouring plants. If, say, 6 or 10 plants are placed in one
pot, fairly close together so that good interlacing of the roots is assured, and the leaves of
one plant, separated from the rest, are then scaked in an active insecticide solution, activity
will be observed in neighbouring plants after a certain interval. This is clear proef of root
excretion, 1 think.

P. B. CornweLr (United Kingdom): I should like to ask Dr. Andreev, and in fact the
meeting generally, whether any work has been done using radicactively-labelled plant viruses.

S. V. ANDREEV: We have tried to use labelled viruses or spores of certain fungi, one of
the Tilletiz species in particular. Unfortunately, however, the results were not conclusive
owing to the difficulty of achieving satisfactory concentrations of activity in either viruses
or spores. I think therefore that such experiments must await the evolution of more efficient
methods of labelling.

J. HarsersTaDpT (IAEA, Scientific Secretary): Labelling of viruses has been done by
Lydia Sverak in the chemical laboratory of the University of Vienna. Her work, using P32-
and C-labelled viruses and substrates, has been published in Afompraxis.

D. W. Jenkms (United States of America): There are, in fact, at least a dozen different
viruses and several bacteriophages that have been labelled, using a variety of radioisotopes.
The first labellings of an animal virus—an influenza virus actually—and of a bacteriophage
were done in 1950, the former by Graham and McClellan. Several studies with plant viruses
have also been carried out. Hamilton, in 1935, reported some work with Myzus persicae in
connection with virus transmission from infected plants. Stanley, in 1942, was one of first
to label tobaccco mosaic, In all, there are probably about twenty papers now available
on bacteria-labelling using various methods.
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P. PELEGRIN (France): I have two questions I should like to put to Dr. Andreev on a
somewhat different subject: is irradiation of food permitted by the laws of the USSR and,
if so, are irradiated commodities obtainable through normal commercial channels?

S. V. Anpregv: There is no law prohibiting irradiation. With regard to commercial
availability, 1 think it is true to say that no market in irradiated commeodities for human
consumption exists yet; we are still in the experimental stages of food sterilization by
irradiation.

A. R. GoPaL-AYENGAR (India): This question is also on another subject: 1 wonder if
Dr. Andreev could tell us something about the silkworm irradiation work that is going on
in Tashkent to improve the quality of silk? We are particulary interested in this matter.

S. V. ANpreev: Numerous experiments are in progress on the irradiation of cocoons.
As you are aware, the killing of the chrysalides in the cocoons is normally achieved by
suffocation through exposure to the sun's rays. The disadvantage of this method is the
deleterious effect on the quality of the silk. We have found recently that powerful sources
of gamma-rays are capable of vielding the desired result without this disadvantage, and
also more quickly than with thermal treatment,

Tae Caamrman (K. K. Nair, India): Could you tell us the dose used?

8.V. Anpregv: I think I am right in saying that it was in the range 7000—100001. The work
is, of course, not being done at our establishment but at the sericulture institute in Tashkent.

P. J. Deoras (India): Can Dr, Andreey tell us of any work done where radioisotopes
are used for tagging bacteria and protozoa to study, for example, the deformation of blood
due to plague, and the movement of malarial parasites in mosquitoes?

S. V. AnDrEEV: Some work on mosquitoes has been done in the Crimea, but 1 do not
think it has been published vet.
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Ahsiract — Résumé — Anapramns — Resumen

Radiolabelling of ants in pineapple plantations. Radiolabelling offers an ideal method of studying
certain structural aspects of ant-cochineal associations (Pheidole megacephala [F] and Pseudococcus
brevipes) in pineapple plantations, The special feature of radiotracers is that, contrary to the usual
methods, it is possible with them to visualize exactly the dimensions of the nests and the ground their
influence extends to, without disturbing the ecological and demographic eguilibrium,

Marquage radioactif des fourmis dans les plantations d’ananas. La méthode de marquage radioactif
convient parfaitermnent pour Studier certains aspects structuraux des associations fourmis-cochenilles
(Pheidole mzgacephala [F] et Psewdococcus brevipes) dans les plantations d’ananas. L’apport original
des radiotraceurs réside dans le fait qu'ils permettent, & 'encontre des méthodes habituelies, de
visualiser sans ambiguité et sans perturber I'équilibre écologique et démographique, les dimensions
des nids et des territoires tenus sous leur dépendance.

PagHoakTABHOE Me9eHWe MYDABLEE Hi ARAHACOBLIX DTABTAIMAX. MeToA DpamHOaKTHRHOTO
MEYCHNA TOMHOCTBIO HOAXOOMT AJS M3YSSHHA HEKOTODBiX ACOEKTOBR CTPYETYPEL cooDOIecTBa
MypaspH-gepeeill (Pheidole megacephale Tmypassu] w Pséudococcus brevipes) Ha awaHACOBEIX
nranTauuax. OcROBHOE 3HAYeHHe PAJROAXTHBHLIX NHAMKATOPOB COCTOMT B TOM, YTO B IPOTH-
BOMOJIOGKHOCTE OOLITHEM METONAM OHH TO3BOJAIOT, TOYMHO H HE HAPYINAs IKOIOTHISCROIO M
meMorpadyeckoro PABHOBECHA, BECTH HaONIOACHHE HAA PAIMEPaMU THE3N W TePPHTOPHAMM HX
PACTIPOCTPAHSHA.

Los trazadores radiactivos aplicados a las hormigas en las plantaciones de anands. Los indicadores
radiactivos pueden aplicarse con éxito al estudic de ciertos aspectos estructurales de las asociaciones
de hormigas v cochinillas {Pheidole megacephala [F) y Pseudococcus brevipes) en las plantaciones de
anands. La originalidad del método basado en los indicadores radiactivos reside en ¢l hecho de que,
a diferencia de los procedimientos usuales, permite determinar sin ambigiiedad v sin perturbar el
equilibrio ecoldgico ¥ demografico, fas dimensiones de los nidos y los radios de accion de sus pobla-
ciones.

Introduction

L’association fourmis-cochenilles peut étre considérée comme le facteur écologique le
plus important qui favorise le développement et I'essaimage des colonies de Psendococcus
brevipes Ckll dans les plantations d’ananas. Cette cochenille provoque I'apparition sur la
plante d’une maladie de fistrissures dite «Wilt de I'ananas», dont la cause ne nous est pas
encore connue. On neconnait pas bien les modalités selon lesquelles les fourmis interviennent,
ni la liste exacte des espéces susceptibles de former des associations avec P. brevipes. Des
observations montrent que certaines fourmis: (Pheidole, Camponotus) construisent au pied
des ananas des abris aériens ou hypogées 4 lintéricur desquels elles entretiennent de véri-
tables élevages de cochenilles dans des conditions favorables 4 un développement rapide
de la colonie. Chaque nid de fourmis tient sous sa dépendance plusieurs pieds d’ananas.

L'envahissement progressif d’une parcelle par les cochenilles est ainsi étroitement 1ié
au développement et & Pextension des colonies de fourmis associées. L’étude de I'espace
oceupé par une mimsz colonie est rendue particuliérement délicate par le fait que, le plus
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souvent, plusicurs colonies de la méme espéce occupent des territoires adjacents et également
par la présence de plusienrs nids secondaires éloignés du nid principal et difficiles & relier
entre cux.

Le marquage radioactif des fourmis constitue sans aucun doute la seule méthode rapide,
efficace et éiégante pour résoudre ce probléme. Le principe en est simple: le marquage étant
effectué au niveau du nid principal, on détermine avec un détecteur de radiations la pré-
sence ou I'absence de fourmis radioactives au niveau des nids secondaires et des pieds
d’ananas contaminés. On a ainsi les dimensions de I'espace occupé par fa colonie. Si le
rayonnement émis par le radicisotope est pénétrant, il sera possible de déceler Ia présence
des fourmis qui s¢ déplacent dans la couche superficiclle du sol et, par 14 méme, de
visualiser les galeries qui relient les ananas entre eux.

Dans cette étude préliminaire, nous nous sommes fixés pour but la mise au point d’une tech-
nique de marquage radioactif des fourmis rencontrées couramment dans des plantations
et sans préjuger de leur rdle dans la dispersion des cochenilles.

La premiére partie de ce rapport est essentiellement d’ordre méthodologique, Dans la
seconde partie, nous donnerons les résultats de quatre expériences effectuées sur le terrain
et nous discuterons des potentialités de Ia méthode pour les recherches envisagées.

Méthodologie

Toutes les expériences ont été faites dans la «Plantation de la presqu’ile» située sur le
terrain de PInstitut d’étedes et de recherches tropicales (IDERT) situé prés d’Abidjan
(Cbte-d’Ivoire). Le terrain a été replanté dans les premiers jours de juin 1960; Ia qualité
du sol est médiocre, mais la position enclavée de cette plantation au milieu de la forét
favorise une haute densité en fourmis parmi lesquelles plusieurs espéces sont susceptibles
d’entrer en association avec les cochenilles. Les dimensions de la surface plantée sont
55 m sur 35 m, et les pieds d’ananas sont distants les uns des autres de 80 cm.

TECHNIQUE DE RADIOMARQUAGE

Notre but étant de marquer le plus grand nombre d’individus dun méme nid sans en
modifier ni les structures ni I'équilibre biologique, nous avons opéré par voie nutritionnelle
en déposant a proximité de celuici une coupelle contenant un petit volume (5 3 10 cm3)
d’une solution du radiotraceur dans un mélange i volume égal de miel et d'cau. Les
solutions titratent 0,86 mc/cm? pour les espéces de petite taille et 0,46 mcfcm? pour celles de
grande taille. Aprés 24 h, les prélévemenis effectués a proximité des nids nous ont montré
que la quasi-totalité des fourmis étaient radioactives 4 un taux suffisant pour que les repé-
rages sur le terrain se fassent sans ambiguité.

RADIOELEMENT

Nous avons choigi le radiophosphore-32, fourni par le Commissariat a I'énergie atomique
sous forme de phosphate monosodique en solution isotonique. L’activité de la solution-mére
était de 2 mc/cm? 4 la réception.

Les considérations suivantes ont fixé notre choix:

&) Forme chimique facilement assimilable par les organismes vivants;

b) Emission de radiations béta d’énergie maximum 1,7 MeV, donc aisément détectables
avec un tube GM & fenétre mince;

¢} Période de désintégration de 14,3 jours assurant une décontamination des zones
d’expériences.
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11 va sans dire que le phosphore-32 n'est pas le seul radiotraceur qui puisse servir pour
le marguage des fourmis.
MATERIEL, ELECTRONIQUE

Nous avons utilisé le détecteur de radiations Philips PW 4014 muni d'une sonde GM
Qépaisseur de fenétre 2 mgfem? et d’un écouteur auriculaire. L’appareil fonctionne avec
une pile de 3 V qui assure une marche continue de 20 h.
Reésultats expérimentaux
EXPERIENCE N° 1

Nous avons d’abord choisi de travailler avec Pheidole megacephala (F), espéce abondam-
ment répandue dans la plantation et qui vit en association avec Pseudococcus brevipes.
Le nid principal est reli¢ 4 des nids secondaires situés dans les massifs radiculzires des
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Fig. 1
Expérience n° 1,

ananas par des galeries généralement couvertes. La solution radioactive a été déposée prés
du nid principal. Un prélévement effectué aprés 24 h indique que 100%; des fourmis sont
marguées. Nous avons décelé la présence de fourmis radioactives sur quatre-vingt sept
pieds d’ananas également répartis autour du nid principal. Les plantes contaminées sont
reliées les unes aux autres par un réseau dense de galeries plus ou moins superficielles.
Toutefois, la présence de fourmis marquées sur des pieds apparemment isolés laisse a
penser qu’il existe également des galeries profondes. Trois chemins paralléles qui partent
de. la zone contaminée et s’enfoncent sous le couvert forestier pourrajent constituer des
voics de¢ contamination permanente. Nous avons acquis la certitude que la structure des
galeries ainsi que les dimensions de I'espace colonisé se modifient dans le temps; cette
question mérite d’étre 'objet d’une étude uliérienre approfondie.
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EXPERIENCES N” 2 ET 4

Il s’agit dans les deux cas d’'une myrmicinée actuellement en cours d'identification. Elle
ne semble pas entrer en rapport direct associatif avec la cochenille de 1’ananas, mais il
n'est pas exclu gqu’elle joue un réle dans la biocenose du champ. La population d’an nid
est peu nombreuse; ce dernier, assez profondément enterré, débouche en une sortie étroite
s’évasant en un entonnoir d*une dizaine de centimétres de diamétre, Les nombreux débris
d’insectes trouvés 4 proximité immédiate ne laissent aucun doute sur les habitudes de chasse
'de cette espéce. Nous avons analysé au détecteur toutes les fourmis trouvées dans un rayon de
7 4 § m autour du nid radioactif et noté leurs coordonnées. L'ensemble des résultats figure
sur les graphiques 2 et 4. On y remarque que chacun des nids posséde un territoire de chasse
bien délimité sans interpénétration de I'un par Pautre.

EXPERIENCE N° 3

Fourmi noire, en cours d’identification, assez fréquente dans la plantation de la presqu’ile.
Le marquage radioactif a été fait au niveau du nid principal situé i I'angle de la bordure
forestidére (voir le graphique 3). Dans un périmétre de quelques métres, nous avons noté
la présence de neuf autres nids, dont six étaient occupés par des fourmis marguées. 11 est
4 noter que ces derniers sont tous situés entre le couvert forestier et la premiére rangée de
pieds d’ananas. En surface, ces fourmis circulent individuellement ou par petits groupes. Les
territoires ne sont pas aussi strictement limités que dans les cas précédemment rapportés.
Les communications entre les divers nids sont vraisemblablement souterraines. A re-
marquer que I'absence totale d’individus dans la partie supérieure du graphique est sans
doute en relation avec la présence dans cettc partic de la plantation d’'une importante
colonie de Pheidole étudiée dans I'expérience n° 1.
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DISCUSSION

W. KLoFT (Federal Republic of Germany): In connection with this very interesting paper
by Dr. Mortreuil, I should like to recall that Gosswald and 1 (Zool. Beitrige, 5 (1960)
519—556) have made a number of contributions to this subject, using radiotracers. In
particular, 1 would point out that there are big differences between the various subfamilies.
For example, in the primitive subfamily Poreringe the workers take up food on an individual
basis for their own nourishment only, and in this case marking of the whole nest would
therefore not be possible by Dr. Mortreuil's method. With Pheidole and Camponotus on
the other hand, it works very well. T would also like to point cut that there are a number of
species in which different colonies maintain an extremely active interchange of nutriment
with one another. For example, with species of the genus Formica we have been able to
demonstrate the exchange of labelled nutriment over distances of 200—300 m.

It is also a fact that individuals from different colonies (even from different species)
exchange food when they meet in the open. This act of offering food here represents a
“peace-offering”, and is also a potential source of error in studies of population movement
and behaviour. As I said, however, the method described is an excellent one for work with
Pheidole.

F. P. W. WINTERINGHAM (United Kingdom): Perhaps the very fact of being something
of an outsider on such subjects as the use of tagged insects suggests to me an important
point which I rather suspect is not receiving all the attention it should. On the one hand,
we are stressing the great potentialities of using tagged specimens for studying the habits
and behaviour of insects, and there is no doubt that such applications will increase. On
the other hand, however, we ascribe great value and importance to the adverse effects of
absorbed radiation on the Jongevity, fertility, survival, etc. of insects. All the studies dis-
cussed, however—and this is the point—make the sweeping assumption that the radio-
active tag itself has no effect.

Although it is my guess that the radiation doses received by the insects during most
ecological studies have been within the safe ranges, are we swre of this? I am open to cor-
rection, but it does seem to me that in many cases no attempt has been made to estimate the
radiation dose received by the insects during the experiment. There are then insufficient
grounds for assuming that the radioactive label itself has had no cffect on behaviour.

May [ suggest, therefore, that a little more attention be given to the radiation dose received ?
Let us not take it too much for granted that the radicactive label itself is. without significant
effect under all conditions.

P. B. CornweLL (United Kingdom): 1 am entirely in agreement with Dr. Winteringham's
suggestion that we should pay more attention to studying the effects of the label onthe
behaviour and subsequent physiology of the insect. Many labelling studies are designed
to investigate mobility in the first instance; I think one should here attempt to carry out,
alongside the field studies, some experiments to determine whether, in fact, there is any
effect on mobility even under laboratory conditions.

Of course, in tagged-insect studies carried out over a long term in the field, the insect is
subject to chronic rather than acute irradiation; and we do know that chronic irradiation
has less adverse effects. 1 would think that at very low levels of irradiation we are mainly
concerned with genetic aberrations, rather than any major upset in physiology.

There is a possibility, not yet fully investigated, of using an alternative technigue as a
labelling process: it has been suggested that we should attempt to label insects with inactive
elements which, owing to their high cross-section for neutron capture can be subsequently
activated — an indirect use of the radiotracer technique. We would not, of course, use
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detection-equipment in the field to study distribution; with samples taken from the field,
however, it would be possible to assess the proportion of labelled insects and carry out
population studies in this way. This technique obviates any criticism that the label adversely
affects the insect by irradiation, but it would still be necessary to ensure that the inactive
¢lement has no toxic properties.

D. W. Jenkns (United States of America): In answer to Dr. Winteringham’s remarks
on the effects of radiation on the insect and the extent to which this has been studied, the
best work I know of on the subject is an excellent stady of P32 and Drusephila carried out
at Brookhaven by R. C. King. This analyses the amount of radiation received by the various
tissue areas, and gives the total internal irradiation. I think that it fully covers the subject
as far as Drosophila is concerned.

With regard to the effects of radiation on behaviour, lengevity and fecundity of insects,
we carried out some laboratory experiments with mosquitoes to try and determine such
effects before proceeding to our extensive field work. We found that there was a certain
threshold above which there were discernible effects. Therefore all our experiments were
carried out using a level of activity, as I recall, less than this threshold by a factor of about 10,

I believe that very detailed studies of this kind were carried out in connection with the
screwworin project. Perhaps Dr. Weidhaas could comment on these.

D. E. WeiDHAAS (United States of America): At Orlando, as I recall, some quite detailed
studies on the screwworm flics were carried out by Bushland and others to deterrnine
whether there was any effect of the radiation dose used—6000 1, 1 believe—on longevity,
fecundity, and behaviour. I am not familiar with the details, but the result was that no
effects were observed at the dose stated.

F.P. W. WINTERINGHAM: As a matter of fact I myself now recall a case of this type of
experiment. I think that Dr, Lindquist did an experiment using a duplicate technique. He
marked what I believe were housefiies with P32 and made a study of their migration from
the point of release; at the same time he marked other specimens with a fluorescent dye,
which provided an alternative method of detection. As far as I recall he was unable to
detect any significant difference in migration.

However, [ think the point [ was trying to make is still valid—and I must say I was very
glad to hear Dr. Jenkins mention that there was a threshold not exceeded in experiments at
his laboratory. Radioisotope experiments have been and are being made, however, in which
no indication of the dose is given at all, We must not get too much into the habit of assuming
that, whatever the dose or isotope used, there will be no effect on behaviour. I suspect that
In some experiments there definitely must be such an effect. As you know, we use radio-
isotopes for quite a different purpose, and we have to be very careful, even in our physio-
logical and biochemical studies, not to exceed a dose which will most certainly affect the
well-being of the insect.

5. V. ANDREEV {Union of Soviet Socialist Republics): Before using radicisotopes for
studies of the biological characteristics of insect pests we carried out exhaustive tests on
the effects of chronic irradiation on the insect organism. These tests were performed under
both laboratory and field conditions, and showed that the amount of radiation finding its
way into the body of the insects was only a fraction of a microcurie and had no detectable
eifect on behaviour, fertility or longevity.

P. PELEGRIN (France), who presented the paper: As will be seen from Dr. Mortreuil’s
paper, the level of activity of the solution was 2 me/cm3. T do not know whether or not this
would represent a radiation hazard for the ants; it depends, of course, on how much
radiation they absorb. At all events I imagine the author was bearing this factor in mind.
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Abstract — Résumé — Anmoranus — Resomen

Metabolism of organophosphate insecticides by plants: a review. A thorough knowledge of the
fate of imsecticides on or in plants is necessary for their safe vse in the control of phytophagous pests.
To evaluaie the potential hazard of residues to consumers of treated crops, “residue dissipation
curves” for thousands of insecticide-crop-environment combinations have been established. The
analytical methods employed include almost all forms of bioassay, chemical and radiochemical
techniques which can be adapted to microgram amounts of the insecticide, In many cases the in-
secticide is absorbed and subjected to the diverse biochemical processes of the plant. Radiofsotopes
provide the best method for studying the metabolic fate because of the rapidity and sensitivity of
analysis and the ability to provide a ““balance sheet” for the total residue dissipation due to physical
loss and chemical changes. Slight struciural changes in these compounds can result in a great change
in the toxicity to mammals. The insecticide may disappear within a few hours after application to
plants, but toxic metabolites may persist for weeks or even months, Specific analytical procedures
for the compound administered may not detect metabolites of taxicological significance.

The studies on the metabolism of inorganic, botanical and chlorinated hydrocarbon insecticides
in plants have generally been made without the use of radioisotopes. It is only with the organophos-
phates that radiolabelled compounds have been fully, and even dramatically, utilized. These radio-
tracer studies have been a major factor in the rapid development of the background knowledge
essential to the safe use of systemic insecticides.

The current knowledge of the metabolic fate of insecticides in plants will be reviewed with parti-
cular attention to the synthetic routes available for Iabelling organophosphates with P32, and the use
of these compounds in metabolism studies.

Etnde du métabolisuze des organophosphates insecticides dans les plantes. Pour utiliser sans danger
les insecticides dans la tutte contre Jes insectes phytophages, il faut savoir exactement ce que devien-
ment les insecticides répandus sur les plantes ou absorbés par elles. Afin d’évaluer les risques que
la présence de résidus comporte powr les consommateurs des végétaux traités, on a &tabli des
«courbes de dispersion des résidus», pour des milliers de combinaisons insecticide-plante-milieu.

Les méthodes analytiques emplovées comprennent presque tous les genres de techniques d’analyse
biologique, chimigque et radiochimique applicables & des quanitités d*insecticide de I'ordre du micro-
gramme. Souvent I'insecticide est absorbé et soumis aux différents processus biochimiques de la
plante. L'emploi des radicisotopes constitue le meilleur moyen détudier les ¢yeles du métabolisme
en raison de Ia rapidité de I'analyse, de la sensibilité de la méthode et de la possibilité de dresser un
bilan de la dispersion totale des résidus par perte de matidre et transformations chimiques. De légers
changements de structure intervenant dans ces composés peuvent en modifier considérablement
la toxicité pour les marnmifres. 11 se peut que insecticide disparaisse quelques heures aprés avoir
&té administré aux plantes, mais que des métabolites toxiques persistent pendant des semaines, voire
des mois, et que des méthodes spécifiques d’analyse du composé administré ne suffisent pas pour
déceler des métabolites toxiques,

Le métabolisme des insecticides — produits minéraux on végétanx ou hydrocarbures chlorés —
dans les plantes a généralement été étudié sans faire appel aux radioisotopes. On n"a utilisé les
composés marques pleinement, et méme d’une manidre spectaculaire, que pour les organophos-
phates. Les études faites an moyen des radioindicatenrs ont notablement conttibug au développe-
ment rapide des connaissances de base nécessaires pour employer les insecticides systémiques sans
danger.
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L'auteur fait le point de connaissances sur les cycles du métabolisme des insecticides dans les
plantes, compte tenu notamment des procédés de synthése dont on dispose pour marquer les organo-
phosphates au phosphore-32 et de 'emploi de ces composés dans les recherches sur le métabolisme.

Merabommm oprasodiocaTiuix MEceKTHIRI0E ¥ pacTesmii: O630p. Mcuepnipaiolnue snalus
0 cyasbe MACEKTRIMMAOB, HAXOAALMXCA HA PACTEHESX FUIH BHYTPU HX, HeOOXONUMBE I WX bea-
OMACHOrO HCHONBIOBABHA B GOpLOe NPOTHE NUTAFONRMXCA DPACTHTENEHOR mumelt spemrresic.
I8 oneHKH TOTEHMHANEHOM OTACHOCTH, KOTODYR NPENCTaBIgOT coBol OCTATKM HBCEKTHLIAZOS
e norpeSETeneit obpaboTanHore AOOM ypomas, YCTAHOBACEE! , KDHEME YTEUKH OCTATKOB®™ s
THICHE KOMOWHANMH OXpYKaIoUieH cpefsl 0bpaboTANEOTD MHCEKTHIHAOM ypoxad. IIpwmenacmire
ARATHTIIECKRE METONH BEIKMAKOT OOUTH Bee (OPMBI ONPEnceRHs CHubi GHONOrEIeCKOro mpe-
[ApPATA, XAMHEECKAE H PAAHOXAMHUYECKUES METOMBI, KOTOPLIE MOIYT HPHMEHATHCR K BHIDARACMBIM
B MEEPOTDAMMAX KONHIECTBAM HHcekTHIMAA. Bo MHOrMX chydasX RECSKTHOMA IOrIOIIACTCA
H NOJREPracTca B PACTCHHN OTIMMHEIM APYT OT APYra GHOXEMAICCKHM HPOLECCabL, Paauou3oTonsL
[AIOT HARIYYIIHE METON ANS H3ydexHs meTabosrmecKkoif cyns0OBl HHCEKTAMAOA BCICOCTRHS
GBICTPOTH. H TYBCTBATEARHOCTH AHATH3IA H ¢locobmOCTH ofccOociuBaTs .0ananc” ma obweH
YTedKM OCTATKOB Onaromapa (M3Meckol mOTEpPE H XUMWYECKHM HIMEHEHHAM. He3HauRTEILHEIE
CTDYETYDHHC MIMCHEHHS B 5THX COEAMHEHWSX MOIYT OPUBECTH K GOMBIIOMY HIMEHEHMIO B
TOKCHIHOCTH s MIEROMMTAIONIMX HKHBOTHEEY. MHCEKTHITA MOJKET HCIESHYTE B TEHEHHE HECKONE~
KEX YACOB HOCHE NPHMEHERHR K DACTENHsM, HO TOKCHYHEEC METabOHIE! MOTYT COXpaHATH CBOS
AeHCTBHE B TEUEHHC HERETh Y JaXe MECATEs. CraenrdHiecrae aHATHTAISCKHE MIPOTEAYPR s Ipi-
MEHAEMOIO COSOMHERNS MOTYT He o0Hapyxutrh MeTAGOIHTOR TOKCHIIOTHIECKOTO JHATCHMA.

Hecnegopasus MeTAbOmM3MA HEOPralfieckux, DOTapETIeckuX H XIOPIAMCIISHHBIX YITIEBOHO-
DOJHBIX MHCEKTHIHAOE B PACTERUAX B OCHOBHOM TPOBOIAINCE 663 NCIONEB30BAKUS PATHORS0TONOE.
Meuesble PATMOAKTEBARE COCNHHEHHS OBUTH MOJNHOCTHIO R IS APAMATHICCKH HCIONb3(BAHEL
TonsKO ¢ opraEodocharamu, DTA HCCNEAOBAHNA C. PANKOARTHEHEIME WHFMKATOPAMH ABJIAFOTCH
IHABHEIM BaKTOpoM GLICTPOro HAKOIUIGHHA ACXOAHEX JAHHELX, MMEIOIIHY CYHIECTBEHHO0E SHATCRRE
s Ge30mACHOTO WCTIONB30BAHAY HMECEKTHIMIAOE ONDEIEIeAHbX CHCTEM.

CylmecTEylomue 3gaHAs B 0B6xnacTa MeraGomuueckold oy/eObl HECCKTHIMAOE B PACTEHANX oymyr
PACCMOTPRHB ¢ OCOOBIM BHHMAHWUEM MO OTHOMCHWIO K HMEIOMIHMCH CHHTETHECCKMM coocobaM
Medenns  opraHodocharos dochopom-32 M HCUONL30BAHAK) 3THX COGKUHCHWA B M3YICHUN
mMeTabonnaMa.

Estudio panerimico del metabolismo de los insecticidas de fosfatos orginicos en las plantas, Para
poder utilizar sin riesgos Jos insecticidas en Ia lucha contra los insectos fitofagos, es necesario conocer
en detalle el destino de los insecticidas aplicados a las plantas o absorbidos por las mismas. A fin de
evaluar los riesgos que Ia presencia de residuos entrafia para los consumidores de productos ali-
menticios que han side sometidos a tratamiento, se han determinado “curvas de dispersion de los
residuos” para millares de combinaciones insecticida-planta-medio ambiente. Los métodos analiticos
empleados abarcan casi todas las técnicas quimicas, radioquimicas y biologicas capaces de ser apli-
cadas a cantidades de insecticida del orden del microgramo. En muchos casos, el insecticida es
absorbido v participa en los diversos procesos bioquimicos de 1a planta. Los radioisGtopos ofrecen el
método mds adecuado para estudiar los ciclos metabdlicos, debido a Ia rapidez y sensibilidad del
andlisis y a la posibilidad de establecer un balance de Ia dispersion total de los residuos desaparecidos
como consecuencia de pérdidas materiales y de transformaciones quimicas. Ligeros cambios de
estructura en esos compuestos pueden traducirse en una copsiderable modificacion de su grado de
toxicidad para los mamiferos. El insecticida puede muy bien desaparecer pocas horas después de ser
aplicado a las plantas; en cambio, es posible que los metabolitos toxicos subsistan durante semanas
e incluso meses, ¥ que los métodos analiticos concretos aplicados al compuesto que se haya adminis-
trado no permitan detectar metabolitos de importancia toxicoldgica.

El metabolismno que sufren en las plantas los insecticidas minerales, vegetales vy a base de hidro-
carburos clorados se ha estudiadoe sin recurrir a los radioisétopos. Solamente con los fosfatos organi-
cos se han empleado los compuestos marcados en gran escala, ¥ a veces con resultados espectacu-
lares. Estos estadios con trazadores han comtribuido poderosamente al rdpido desarrollo de los
conocimientos basicos esenciales para utilizar sin riesgos los insecticidas sistémicos.
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Se examinan los conocimientos actuales sobre los ciclos metabolicos de los insecticidas en las
plantas, prestindose especial atencion a los procedimientos de sintesis que pueden utilizarse para
marcar los fosfatos organicos con 2P, asi como al empleo de estos compuestos en los estudios sobre
metabolismo.

Introdoction

A thorough knowledge of the fate of insecticides on or in plants is necessary for their
safe use in the control of phytophagous insects. The potential hazard of residues to consumers
of insecticide-treated crops is estimated from a combined consideration of the amount of
insecticide used and the method of application, the rate of residue dissipation and the
chronic toxicological data available on the compound,

Almost all forms of bioassay, chemical and radiochemical techniques that can be adapted
to microgram amounts of insecticides have been used in residue analysis. Radiocisotopes
provide the best method for studying the metabolic fate of the insecticide because of the
rapidity and sensitivity of analysis and the ability to provide a total accounting of the
radiolabelled residue dissipated by physical loss and chemical changes. Radiolabelled
compounds are also advantageous for evaluating residues when other suitable analytical
methods are not available or when a number of metabolites must be simultancously
determined.

In many cases the insecticide is absorbed and subjected to the diverse biochemical
processes of the plant. The products forined are sometimes different from those resulting
from the usual procedures of chemical degradation of the insecticide. Both the rate and
route of metabolism may vary with plant species and conditions altering the physiological
activity of the plant. Slight structural changes in the insecticide effected by plant metabolism
can result in a great change in the toxicity to mamumals, or in the anticholinesterase activity
as with the organophosphates. The insecticide may virtually disappear within a few hours
of applicaiion to plants, but toxic metabolites may persist for weeks or even months.
Analytical procedures, specific for the compound administered, may not detect such
metabolites.

Many reviews on insecticide metabolissm and translocation in plants [1—135] provide
background information for the present discussion.

1, Metabolism of insecticides other than the organophosphates

Data are available on the persistence of almost all the insecticides on a variety of crops.
The studies on the metabolism of inorganic, botanical and chlorinated hydrocarbon
insecticides in plants have generally been made without the use of radioisotopes. Exceptions
are a brief study on Cl4-benzene hexachloride metabolism in wheat seedlings [16} and
experiments on the biosynthesis of such botanical insecticides as nicotine [17] [18] and
pyrethrins and cinerins [19].

II. Synthesis of radiolabelled organophosphates

Radiolabelled insecticides have been fully, and even dramatieaily, utilized in studies on
the metabolism of the organophosphates in plants. These radiotracer studies have been
a major factor in the rapid development of the background knowledge essential to the safe
use of systemic insecticides. As a direct result of the need for information on the metabolism
of the organophosphates in plants and other organisms, considerable progress has been
made in preparing radiolabelled compounds of high specific activity.
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Routes of synthesis for inorganic and organic P32 intermediates useful in preparing radiolabelled
organophosphate insecticides (modified from Mithimann and Schrader [20] with numbers referring
to the literature

Certain of the routes for interconversion of the radiolabelled intermediates are given
in Fig. 1. This scheme is modified from one presented by MUHLMANN and SCHRADER [20].
Many of these P32 compounds are commercially available. Neutron irradiation has been used
for direct labelling of red phosphorus [21], phosphorus trichloride [22] and phosphorus
pentasulphide [23]. This method is often inconvenient, may yield mixed labelling, and the
specific activity of the compounds prepared from these irradiated intermediates is usually
not greater than 5 mc/g. As a starting material, P32-labelled phosphoric acid offers the
advantage of being readily available at a high specific activity. It can be converted by rather
laborious procedures via iron, caleium or silver salts to phosphorus oxychloride [24—28],
or more simply by reacting the phosphoric acid directly with phosphorus pentachloride [26]
[29]. Other methods of limited applicability can be used to prepare organophosphates from
phosphoric acid or phosphorus pentoxide without going through chlorinated phosphorus
intermediates [30] [31]. Isotope exchange can also be utilized with P32-labelled phosphoric
acid to label inefficiently thiopheosphoryl chloride [32] [33], but readily form P32-labelled
phosphorus pentasulphide [33]. The efficiency of this latter isotope-exchange procedure
provides a very convenient starting material for preparing many radiophosphorus inter-
mediates [33].

The actual reaction conditions for converting the inorganic to organic intermediates, as
shown in Fig. 1, and subsequently to the insecticides can be readily interpreted from the
literature cited in Table 1. Specific activities well above 300-mcfg compound can be obtained
via P32-labelled phosphoric acids, so that amounts of radiolabelled compounds in the
10-9 to 10-10-g region can be readily detected. Extreme caution must be exercised in the
gynthesis of compounds of sach high specific activity to ascertain that the radiolabel is on
the molecule intended and that the isotope does not accelerate the rate of certain chemical
changes that are being followed in metabolism studies, nor lead to formation of derivatives
that would not be formed by the same compound lacking the radioisotope.
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II1. Metabolism of organophosphate insecticides in plants

The studies involving radiolabelled materials are summarized in Table 1. At least a dozen
completed studies are not included in Table I as they are not published in readily accessible
form but, rather, have been carried out in industrial laboratories or on contract with these
Isboratories where the results have had limited distribution. In most cases, the P32 isotope
was used. The purity and even the structure of the radiolabelled compounds used in certain
of these studies is questionable. Distillation, crystallization and preparative column chroma-
tography, along with infra-red spectral studies, have been used in purifying the radiolabelled
compounds, with paper chromatography reserved as a check on the purity attained.

Many of the absorption and translocation studies are difficult to interpret as total radio-
active counts or radioautographs were utilized, and no atiempt was made to distinguish
between the insecticide administered and its hydrolysis products. Such studies are only
valid when the in vivo stability of the molecule is established and critically considered in the
experimental design. The studies on absorption and translocation have contributed greatly
to the concept of what type of molecules will penetrate plant roots and cuaticular epidermis
and the method of formulation to allow the molecule cither to penetrate or remain on the
surface of the plant.

Hydrolysis studies are useful in evaluating the persistence of the insecticide in plants for
both insect control and as a potential residue hazardous to man and animals consuming the
treated crop. The hydrolysis products have becn shown in many cases, and are otherwise
generally presumed, to be nen-toxic. The extent of hydrolysis of the organophosphate has
been almost routinely evaluated by aqueous-organic extractions designed to leave the
hydrolysis products in the water and the unhydrolysed compounds in the organic phase,
Chloroform is usually the solvent chosen. This procedure is adeguate when due consideration
is accorded to the organo-soluble hydrolysis products or the plant derivatives formed from
them. Carboxylic rather than phosphoric ester hydrolysis may yield products extracting into
chloroform if the hydrogen-ion concentration of the aqueous phase is not suitably adjusted.
Special precautions are also necessary when P32-labelled phosphoric acid is formed on
the degradation of the insecticide in the plant, since it is partially reincorporated into plant
fatty-phosphoric esters, such as lecithin, which are organosclubie.

Non-hydrolysed metabolites have been separated and tentatively identified by their
antiesterase activities, partitioning properties and Rp-values in selected paper-chromato-
graphic systems. All too frequently the presumed characterization of products has been
made without isolation of amounts sufficient for adequate spectral and degradation
examination. The nature of these non-hydrolysed metabolites is of critical importance in
designing a residue analysis method to evaluate the hazard of the treated crop. Many cases
are known where a sensitive specific analytical method for the administered compound
failed to detect residues when the plants were still toxic to insects and mammals because
of these non-hydrolysed metabolites.

The great variation with plant species and physiological state in the absorption, trans-
location and metabolism is evident from the studies presented in Table 1. The increasing
number of organophosphorus compounds found to be active as nematocides, fungicides
and herbicides will result in further metabolism studies on an even greater variety of mole-
cules. It seems surprising that with all the work on relatively complex molecules, little
information is available on the plant metabolism of the simple trialkyl phosphites, phos-
phates and thiophosphorus compounds or of their mono- or diester-hydrolysis products.
Economic necessity for studying the pesticides is undoubtedly the explanation, but much
could be learned by the use of the simpler model compounds. 1t is hoped that more frequent
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attempts will also be made to study the plant enzymes effecting these metabolic reactions,
rather than merely to confine the studies to establishing the products formed i vive, A recent
study [99] has shown that Parathion hydrolysis and oxidation are catalysed by the enzyme
peroxidase in the presence of a suitable hydrogen donor.

The plant metabolism of organophosphates is accomplished primarily through oxidation
and hydrolytic attack. Phosphorothionate groupings are oxidized to their corresponding
phosphate analogues (compounds 13, 22, 24, 25 and 30, plus limited evidence on 15, 26, 31
and 32 from radiotracer studies and 27 from anticholinesterase studies). Sulphides are
oxidized rapidly to sulphoxides and more slowly to sulphones (compounds 7, 8, 19—22,
24, 25 and 29). Certain N,N-dimethyl phosphoramides are oxidatively demethylated,
probably through intermediate N-oxide and N-methylol derivatives (compounds 33—41).
Enzymatic hydrolysis in plants is effected by cleaving the acid anhydride bond in phosphates,
phosphorothiolates and phosphorothionates (i.e., in most, if not in all the compounds
listed in Table I}, the phosphorus-oxygen-alkyl ester grouping (compounds 3 and 13 and
probably compound 30), and carboxylic ester (compounds 2 and 15) and carboxylic amide
{compound 13) groupings. Many compounds, in particular the @,0-dimethyl phosphorus
derivatives, are readily degraded to phosphoric acid which is reincorporated into such
plant derivatives as lecithin (compounds 7—9, 10, 12, 13, 15, 24, 25 and possibly 30 and 41).
One case is reported of a presumed enzymatically catalysed isomerization in plants of a
phosphorothionate to a phosphorothiolate (compound 29),

The reaction of the organophosphate on the plant surface has been extensively studied
with radiolabelled materials [45] {46] [48] [58] [76] [100] and others. The rate and extent
of these surface reactions are affected by the temperature, intensity and quality of ultraviolet
light, the nature of the plant surface and type of insecticide deposit. Volatilization, isomeriza-
tion of phosphorothionates, oxidation of phosphorothionates, sulphides and sulphoxides, and
various hydrolytic reactions are involved. More polar and less polar non-hydrolysed
derivatives may be formed. Phosphorothionates are frequently converted to very potent
anticholinesterase agents.

Unexpected chemical changes may occur with the insecticide prior to its deposition on
or in the plant. Hydrolysis of phosphorothionates in the technical material or in formulation
may result in a reattack of the phosphorothioic ion on the original molecule or a formulation
constituent to yield toxic derivatives [101] [102]. Alkyl exchange can occur between the
organophosphate and certain formulation constituents [102]. When a site susceptible to
alkylation, such as a binary sulphur or a ternary nitrogen, is present on the molecule, self-
alkylation may occur to yield highly toxic products {103} [104]. Each of these reactions
must be considered along with the metabolic changes in the chemical effected by the plant,

IV. Summary

Studies in which radiolabelled compounds have been used to investigate insecticide
metabolism in plants are briefly reviewed. No reference is made to the voluminous literature
ont insecticide residues and metabolism in plants where radiotracer technigues have not
been utilized. Radioisotopes provide the most certain method for establishing the metabolic
pathway of an insecticide. Such information on metabolism is essential for insuring the
efficient and safe use of insecticides.
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DISCUSSION

P. J. Droras (India): What is Dr. Casida’s opinion on the use of radioisotopes in
insecticides of plant origin, such as pyrethrum? Many of these insecticides disintegrate
very rapidly in the presence of daylight, and I wonder to what extent radioisotopes could be
used in tracing their metabolism in the plant.

J. E. Casipa: Radiolabelled studies on insecticides of plant origin have been restricted
to biosynthesis investigations on nicotine, cinerins and pyrethrins. These radiolabelled
compounds, along with radiolabelled allethrin, have been used in detoxication studies
with insects but to the best of my knowledge have not been studied with plants. The
actual degradation products of pyrethroids, rotenone and alkaloids other than nicotine
used as insecticides have not been completely established. It would certainly be interesting
to use Cl4-tagged compounds to establish the mechanism of the rapid breakdown of these
compounds in the presence of sunlight,

G. W. RA"ALKAR (India): I am presuming that the work that you have reported was
carrted out with labelled isotopes. Do you get a similar metabolic pattern with non-labelled
compounds?

J. E. Casipa: In our studies we always cross-check the radiotracer studies with bioassay,
enzyme assay, chromatography and spectrophotometric studies. We have no reason to
suspect that different metabolic pathways exist for labelled and non-labelled insecticides
and many reasons t0 believe that they are identical. The P32]abelled insecticides are not
the same compound after decay, but the proportion of radiolabelled insecticide used is
almost infinitely small compared with the “cold” carrier, and when it decomposes by decay
we no longer detect the molecule. I certainly do not recommend using radiolabelled com-
pounds as a sole technique, but believe that the method should be simultaneously followed
up by every other one available,

J. pE WiLpE (Netherlands): Is it known whether incident light influences the breakdown
of insecticides within the plant tissues? I am referring particularly to photosynthesis and
the resulting changes in redox potential within the tissues. It seems to me that this could
well influence the oxidative breakdown of a plant.

J.E. Casipa: The rates of absorption, translocation and degradation of absorbed
insecticide, and the rate of breakdown of surface insecticide residues are definitely affected
by the quantity and quality of the available light. Effects are both indirect—alteration of
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the physiclogy of the plant—and direct—by catalysing certain reactions of the insecticide.
I am unaware of any in vive plant studies designed to correlate redox potential with insecticide
degradation. A related study we recently conducted showed that plant peroxidase enzymes
in vitro coupled with a snitable hydrogen donor would catalyse both the oxidation and the
hyidrolysis of Parathion. This could be interpreted in terms of some mechanism, but it does
not seem to deal directly with the redox potential.

J. HavLBersTADT (TAEA, Scientific Secretary): Dr. Casida mentioned that in his absorption
and translocation studies he had difficulty in distinguishing between the insecticide admin-
istered and its breakdown products. I should like to ask him whether he has ever used one
of the analytical isotope-dilution techniques, for instance the extremely useful isotope-
derivative technique, to distinguish at least between the original insecticide still present and
the total of its radioactive hydrolysis products. In my own experience this has been very
helpful.

J. E. Casipa: The difficulties referred to are those of distinguishing in site whether the
radiolabel is associated with the original compound or with a metabolite. Isotope-dilution
and derivative techniques would require removing the radiclabelled compound from its
position in vive and thereby contaminating it with radiolabelled materials from zdjacent
cells or parts of cells, The techniques you mention are indeed extremely useful, but T cannot
quite see how they can be readily applied to the localized in vive fate of the insecticide.

THE CHalrMan (A, R. Gopal-Ayengar, India): May I ask a question myself? To what
extent do these insecticides and their detoxication products affect the genetic make-up of
either the insect or the plant itself?

I. E. Casipa: As a partial answer, I may recall that there were certainly some insecticides
on the market that had a carcinogenic effect. There are other compounds used as insecticides
which, if applied at low levels throughout the developmental stages of the insect, prevent it
from reproducing normally. 1 should not care to say whether this is a genetic change or not.
Most insecticides act so quickly, and the recovery of survivors is so complete and rapid, that
1 doubt whether these compounds cause genetic changes in the surviving insects other than
by selection-pressure leading to resistance.
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Metabolism of systemic and other recent insecticides in animals. Organophosphates undergo
several activation and detoxication processes in insects and mammals, Activation mechanisms include
such oxidative processes as conversion of phosphorothioates to corresponding phosphates, thiophenyl
oxidation of Baytex (Q,0-dimethyl O-[4-(methylthio)-m-tolyl] phosphorothicate) to the sulphoxide
and sulphone derivatives, thioether oxidation of Systox (Q,0-diethyl-O-[and S]-2-[ethylthic] ethyl
phosphorothicates) and phorate (0Q,0-diethyl S-ethylthiomethyl phosphorodithioate) to sulphoxide
and sulphone Derivatives, and amide oxidation of Schradan (octamethylpyrophosphoramide}
and Dimefox (bis [dimethylamino] flucrophosphine oxide) to the N-oxide derivative followed by re-
arrangement to the N-methoxide or methylol compounds. Carboxylic ester hydrolysis serves as an
activation mechanism for Butonate (0,0-dimethyl 2,2,2-trichloro-1-n-butryloxyethyl phosphonate)
and Acetyl-Dipterex (0,0-dimethyl 2,2 2-trichloro-1-acetoxy-ethyl phosphonate) to form the more
toxic compound Dipterex (Q,0-dimethyl 2,2,2~trichloro-1-hydroxyethyl phosphonate). The dehydro-
chiorination of Dipterex forming DDVP (0,0-dimethyl 2,2-dichlorovinyl phosphate) is an activation
mechanism in houseflies but absent in mammals. The isomerization of a phosphorothioate to the
S-alkyl derivative is operative in plants, but such an activation process has not been reported in ani-
mals, The mono- and di-carboxylic acid hydrolytic products of Dimethoate (Q,0-dimethyl S-[N-
methylcarbamoylmethyl] phosphorodithioate} and Malathion (0Q,0-dimethyl-S-[1,2-dicarbethoxy-
ethyl] phosphorodithicate} may undergo decarboxylation # vive to form potentially toxic materials,
Activation is dependent upon the substitezents surrounding the phosphorus atom and the particular
biological system.

Detoxication mechanisms of organophosphates include destructive hydrolysis at the P—0—C,
P—8—C, P-C, P—N, or P—O—N bonds. Other hydrolytic processes occur at groups not linked
to the phosphorus atom. Hydrolysis of the ethyl ester moieties of the diethyl succinate nucleus of
Malathion cccurred in mammals. The N-methyl amine group of Dimethoate was cleaved resulting
in the carboxy derivative of Dimethoate. The nitrophenol group of Parathion was reduced to the
non-toxic Aminoparathion. Cleavage of the coumarinyl ring of Co-Ral occurs in alkali and possibly
in mammals.

Insecticide metabolism studies are basic in understanding the selective toxicity of insecticides, re-
sistance mechanisms, residue problems, and mode-ofiaction concepts. Radiofsotopes have been
indispensable analytical tools in increasing the wealth of knowledge concerning the metabolism of
insecticides.

Le métabolisme des insecticides systémiques et d’auires insecticides nouveanx chez les animaux. Ies
insecticides organiques phosphorés subissent dans les insectes et les mammiféres plusieurs processus
d’activation et de perte de toxicité. Parmi les mécanismes d’activation, il ¥ a lieu de signaler les
processus d’oxydation tels que la transformation des thiophasphates en phosphates correspondants,
TI'oxydation du groupe thiophényle du Baytex (thiophosphate de @,0-diméthyl-G-[4-(méthylthio)-m-
tolyle]) avec formation de dérivés de sulfones et sulfinones, I'oxydation du thicéther du Systox
{thiophosphate de O,0-diéthyl-O-[et §]-2-[éthylthio] éthyle) et du Phorate (dithiophosphate de O,-0
diéthyl-S-éthylthiométhyle) avec formation de dérivés de sulfones et solfinones, et 'oxydation des
groupes amide du Schradan {octaméthyl-pyrophosphoramide) et du Dimefox {oxyde de bis [diméthyl-
amino] fluorophosphine) avec formation de dérivés de N-oxyde, suivie d'un réarrangement en com-
posés de N-méthoxyde ou de méthylol. L’hydrolyse de l'ester carboxylique.est un mécanisme d’acti-
vation du Butonate (phosphonatede O,0-diméthyl-2,2.2-trichloro-1-m-butryloxyéthyle)et de IAcétyl-
Dipterex (phosphonate de O,0-diméthyl-2,2,2-trichloro-1-acétoxyéthyle) pour former le Dipterex,
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composé plus toxique {phosphonate de Q,0-diméthy!-2,2,2-trichloro-1-hydroxyéthyle). La perte
d"HCl du Dipterex, gui donne lies A la formation du DDVP {phosphate de O,0-diméthyl-2,2-dichloro-
vinyle) est un mécanisme d’activation que I'on observe chez les mouches communes mais gui n'existe
pas chez les mammiféres. L'isomérisation d'un thiophosphate avec formation du dérivé de S-alcoyle
intervient dans les plantes, mais aucun processus d’activation de ce genre n'a été signalé chez les
animaux. Les acides mono et di-carboxyliques formés par hydrolyse du Diméthoate (dithiophosphate
de 0,0-diméthyl-S-[N-méthylcarbamoylméthyle]) et du Malathion {dithiophosphate de O,0-diméthyl-
S-[1,2-dicarbéthoxyéthyle]) peuvent subir une décarboxylation ir vive pour former des substances
potentiellement toxiques. L'activation dépend des produits de remplacement qui entourent Fatome
de phosphore et du systéme biologigue considéré. )

Parmi les mécanismes de perte de toxicité des insecticides organiques phosphorés, il convient de
mentionner Phydeolyse destructive aux umions P—0—C, P—5C, P—-C, PN ou P—O—N.
D’autres processus hydrolytiques interviennent aux groupes non liés 4 I"atome de phosphore. Chez
tes mammiféres, on a observé I’hydrolyse des parties d'ester éthyliques du noyau de diéthyl-succinate
du Malathion. Le groupe N-méthylamine du Diméthoate a été scindé et a donné le dérivé carboxylique
du Diméthoate. Le groupe nitrophénol du Parathion a été réduit & "aminoparathion non toxique.
La scission du cycle coumarinyle de Co-Ral se produit en milien alcalin et probablement chez les
mammiféres.

Les étndes sur le métabolisme des insecticides sont essentielles pour la compréhension de la
toxicité sélective de ces agents, des mécanismes de résistance, des problémes des résidus et des modali-
tés d'action. Les radioisotopes constituent des moyens analytiques indispensables pour I'accrois-
sement des connaissances relatives au métabolisme des insecticides.

Merabomaam ofleHsBecTIIIX ¥ APYTHX HOBRX HBCCKTHUBIOE ¥ MHROTHRIX. Opranogocdarm
¥ HACEXOMBIX H MJEKOOHTAIONHX NOAEEPTAITCA HECKONEXHM NPOLIRCCAM SKTHBAIMH H NETOKCH-
karm, MexasusyM AKTHPALRH BRIIOYAET TAKME OKHCTHTENBHME NPOLIECCH, Kak MPEBpPAIISHHE
thochopoTaaros e cooTBeTcTRYIOmMuE focdarnt, rHodeamnoporo oxucnenna befirexca (O,0-nuMerin
O-[4-({MeTARTHO)-m-Tonua] GocdopoTHaT) B NPOHIBCAHEE OKHCH CEPHHCTOrO aNkAAa H cymbdonra,
okmcnenna Tronpa Cucrekca {Q,0-gEaTan O $)-2-(atentro) srun docdopoThat) u dopata
(0,0-pratun S-aTsnTuoMeTdA docfopoaANTAAT) B OPOMIBOJHLIC OKHCH CEPHHCTOTQ ANKHIE H
cynbiOHZ, a AMHEROTO OKHCISHWA mpafasa (orTamerHammpodochopammn) u maMedoxca (bis
(muMeTHIAMBHO) OKHCE (payopodocdnaa) B Apoy3BoaHOoS N-OKCKH ¢ TIOCTISAYIONIHM UPEBDAIIEHHEM
B N-MeTuwiaT I coelAHeHus MeTHIona. THapoms KapOokCHROBOTO 3(IMpa CRYEHT B KAaYccTBS
AKTHBUPYIOIIErO Mexammma ansa Byromara (0,0-mivernn 2,2,2.-rpuxnopo-1-n-Gy1pHIOKCHITRI
docthorar) 1 Ameran-Jumrepexc (Q,0-guMerin 2,2,2-Tpuxiopo-1-anerokcuaTandocdonar) mns
ofpazosanns Gonce TOKCAYHOTO coemuueHisa Jumrepekca (Q,0-mimeTun 2,2.2-Tpuxnopo-1-ruapo-
kcuaTHN doconar). Aernapoxnopuposange Juntepekca ¢ obpazosamnem DDVP (0,0-aumeTun
2. 2-npxnopoeeHin GochaT) ABMNAETCA AKTABEDYIOLIEM MEXaHHIMOM ¥ JOMAIIHMX MYX, HO OHM
OTCYTCTBYIOT ¥ MAekomgTaromux. MzoMmepuzanus $ochopotnaTa B DpOUIBOAHOE S-ANIKAN ABNSA-
eTcA HeficTseHHON B pacTeRHaX, HO TAKOH DPOHECC AXTHBALMM He 3a{MKCHPOBAH ¥ XHBOTHGLIX.
Tpogyxssl AMMETOATA MOHO- M MMEapGOHOBOHR KHCAOTH (0,0-muMeTHI S-(N-meThnnkapGamounn-
meTin) dochopoIuTRaT) 1 ManaTHoRa (Q,0-guMeTHN-5(1,2-mrKrapboTokcuITL) dochopoanThar)
MOryT TOABEPraTeCH B OPranusMe ACKapGoKCIIAEE 4ns o0pa’oBadvs MOTEHIHAIRHD TOKCHANIX
BEIISCTR. AKTHRaUHA 3aBHCHT OT 3amMecTuTenel, oxkpyXarommx aToM $ocfopa, ¥ OT COOTBEICT-
Byroliel GHONOTHYeCKOl CMCTEMBL.

MexaHH3Mbl ASTOKCHKANMH opraRodochaTor BRMOYAOT ASCTRYKTHBHEIA rHAPOAM3 NPH CBA3AX
P—C—C, P—8—C, P—C, P—N uax P—0O—N. V¥ rpymm, He cemanunix ¢ aroMom docdopa, ameior
MECTO APYTHE T'uADORMTHECKHE NpoLeccsl. ¥ anexonntarciuuy Habmonancs caydalf THOpOImM3a
NONOBHH FTHONOBOTO 3dUpa ANpa ITMAOBOH comu ManarwoHa. B pesynsTaTe KapOOKHCIOBROTO
OpPOH3BOAHOIO AUMETOATa N-METHI-AMHACBAH IDyIa we Mciedna. Hurpodenonsosas rpymma
IAPATHOHA BOCCTAHARITHBANACHE OO HETOKCMYHOrO aMMHONApATHOHA. PacliielieHRe KymapHHEIo-
poro konsua Ca-Ral BeTpedaercs ¥ wenodu W, BOIMOXKHO, ¥ MICKOTMHTAROLNWX.

Mayuenne MeTaboMH3Ma MHCEKTHIMAA ABMACTCA OCHOBOMH MOHAMAHHA CENEKTHRHOR TOKCHYROCTH
MHCEXTHIIHOOB, MEXaHW3MOR YCTOHYMBOCTH, NpoGaeM OCTATKOR WM NOHATHH of obpasax meficTsmii.
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PaguodzoTONH ABMIOTCA HeOOXOIAMEMM AHAMUTAMECKAM CHENcTEOM B MPHOGDETEHMN 3HAHM T10
MeTACONHIMY HHCEKTHIIRIOE.

Metabolisino de los insecticidas sistémicos ¥ otros insecticidas recientes, en los animales. Los
compuestos organicos fosforados sufren diversos procesos de activacidon y de pérdida de toxicidad
en los insectos ¥ en los mamiferos. Entre fos mecanismos de activacién, cabe mencionar los procesos
de oxidacidn, como la transformacién de los tiofosfatos en los fosfatos correspondientes, la oxidacion
del grupo tiofenilo del “Baytex™ (tiofosfato de 0,0-dimetil Q-[4-(rhetiltio)-m-toluilo]), con formacion
de los derivados sulféxido y sulfona, la oxidacion del grupo tioéter del “Systex™ (etiltiofosfato de
0,0-dietil O-(y S)}-2-(tioetilo)) y del “Phorate™ (ditiofosfato de O,0-dietil S-ctiltiometilo) en los sul-
foxidos ¥ sulfonas derivados, y la transformacion de Ia amida del Scharadan (octometilpirofosforami-
da) y del “Dimefox” {6xido de bis (dimetilamino) fluorofosfina} en los derivados N-oxidicos por
oxidacidn seguida por un reordenamiento molecular para formar compuestos del tipo M-metdxido
o metilol. La hidedlisis del ester carboxilico sirve como mecanismo de activacién del “Butonate”
(fosfonato de O,0-dimetil 2,2,2-tricloro-1-s-butiloxietilo) y del “Acetil-Dipterex” (fosfonato de
0,0-dimeti] 2,2,2-tricloro-1-acetoxietilo) para formar el compuesto “Dipterex”™ (fosfonato de 0,0-
dimetil 2,2,2-tricloro-1-hidroxictilo) mas téxico. La pérdida de cloro e hidrégeno en el “Dipterex™
con formaciom de DDVP (fosfato de O,0-dimetil 2,2-diclorovinilo) constituye un mecanismo de
activacion que se observa en la mosca comiin, pero no en Ios mamiferos. La isomerizacion del tio-
fosfato en su derivado S-alcoilado se produce en las plantas, pero ningdn proceso de activacion de
este fipo se describid en los animales. Los dcidos mono y dicarboxilicos formados por hidrélisis del
“Dimethoate” (ditiofosfate de O,0-dimetil S-(N-metilcarbamoilmetilo)) ¥ del “Malathion” (ditio-
fosfato de 0,0-dimetil-S-(1,2-dicarbetoxietifo)) pueden sufrir una descarboxilacion in vive para formar
sustancias potencialmente téxicas. La activacidn depende del sistema biolégico considerado y de los
sustituyentes gue rodean al dtomo de fésforo.

Entre los procesos de pérdida de toxicidad de Ios compuestos orginicos fosforados se cuentan la
hidrolisis destructiva de los enlaces P—0—C, P—S—C, P——C, P—N ¢ P—0—N. Otros procesos
hidroliticos tienen lugar e grupos que no estan ligados al dtomo de fosfore. En los mamiferos se ha
observado Ja hidrélisis de la parie ester etilico en el nicleo de dietilsuccinato del “Malathion™. El
grupo N-metilamina del “Dimethoate™ se separa dando un derivado carboxilico del ““Dimethoate”,
El grupo nitrofenal del “Parathion” se reduce al aminoparation, no tdxico. La rotura del anillo del
cumarinilo del Co-Ral se produce en medio alcalino probablemente en los mamiferos.

Los estudios del metabolismo de los insecticidas son fundamentales para comprender la toxicidad
selectiva de estos apentes, los mecanismos de resistencia, los problemas de residuos, ¥ fos modos de
accién. Los radioisétopos constituyen medios analiticos indispensables para aumentar el caudal de
conocimientos retativos al metabolismo de los insecticidas.

The toxicological and pharmacological properties of an insecticide are more complicated
when insects and mammals are capable of converting the material to more toxic metabolites
or to materials slightly less toxic than the parent compound. In many instances, the metabolic
products can be synthesized biologically but not synthetically. Differences in mammalian
and insect metabolic pathways of an insecticide provide clues fo the future development of
sclective toxicants. A knowledge of the molecular configuration as related to toxicity to
insects and mammals, differences in biological activation and detoxication mechanisms in
insects and mammals, and physiologically important enzymes of insects and mammals is
basic for an understanding of poisoning processes, and fundamental to the preservation of
health of man and his allies.

Radioisotopes have been indispensable analytical tools for increasing the wealth of
knowledge concerning the animal metabolism of insecticides, particularly organophosphates.
Organophosphate metabolism studies were stimmulated by DuBois et &l, [39] and GARDINER
and K1LBy [42] demonstrating that Schradan required metabolic activation to be an effective

1
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antiesterase agent in vivo. Several reviews have been published recently on the metabolism
of organophosphates in insects, mammals, and plants [27] [41] [63] [65] [76] [93]. Most
metabolism studies have been conducted using radiotracer techniques; phosphorus-32 and
sulphur-35 have been the predominant isotopes incorporated into the organophosphate
molecule. Radioisotopes have aided greatly in elucidating intoxication and detoxication
processes, and typical biochemical mechanisms will be discussed below, with specific
systemic and non-systemic insecticides as illustrations,

Malathion

The selective toxicity of Malathion (0,0-dimethyl-$-[1,2-dicarbethexyethyl] phosphoro-
dithioate) has been explained on the basis of differences in activation and detoxification
mechanisms in insects and mammals [31] [32] [55] [56] [70]. In early work with Malathion,
the oxygen analogue (Malaoxon) was suggested as the probable oxidative metabolite having
marked in vive anticholinesterase activity and toxicity [S5] [63] [69] [70]. The in vive
formation of Malaoxon by insects and rats was shown conclusively by KRUEGER and
O"Bamn [51] and MircHELL and ARTHUR [66] using high-activity P32-labelled Malathion [29]
and column and paper-chromatographic techniques. Malaoxon production was considerably
lower in rats than in the German cockroach (Blattella germanica L.), housefly (Musca
domestica L.), or boll weevil (Anthonomus grandis Boh.) [66], and the same biclogical
relationship existed between mice and three species of insects [51]. O’BriEN [70] suggested
that the selectivity exhibited by Malathion for the American cockroach (Periplaneta
americana L.) over the mouse was due to the balance of oxidative and hydrolytic processes.

Malathion metabolism in rats, cows and poultry was more complex than in the American
cockroach and, in vertebrates, involved hydrolysis of the P—S and $—C bonds as well as
the carboxylic ester groups of the diethylsuccinate moiety (Fig. 1) [55]1[56]. Hydrolysis of
the P-O-methyl bond forming desmethyl Malathion or desmethyl Malaoxon was suspected,
based on indirect evidence [66]. Following oral administration of Malathion to rats, mono-
methyl phosphoric acid was isolated from the urine. This acid was probably formed by
hydrolysis of desmethyl Malaoxon and not by further degradation of dimethyl phosphoric
acid, since the dimethyl derivative was recovered from the urine of rats as the administered
chemical [7] {78].

CH3z 0
>b—s—-—<l:HE—-o CaHs

CH3 O CHG+0CzHs

Fig. 1
Malathion sites susceptible to hydrolysis by phosphatases or carboxyesterases [51] [55] [56] [66]

Hydrolysis of the ethy! ester groups of the diethylsuccinate moiety is of significance,
since it involves cleavage of groups not linked directly to the phosphorus atom. The
resulting ionic products could undergo decarboxylation and rearrangement to form neutral
phosphate esters [66]. Thus, Malathion may be degraded to nontoxic ionic products that
can be further metabolized to potentially toxic derivatives. Apparently, this metabolic
scheme is not operative to a significant extent either in insects or mammals,
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The activating mechanism of Malathion is phosphorothioate oxidation; phosphatases
and carboxyesterases serve as detoxication processes (Fig. 1). The possibility that introduction
of a carboxyester group into an organophosphate anticholinesterase would confer selective
toxicity towards insects as compared o mammals was investigated by O’BRIEN e? al. [71].
Acethion (0,0-diethyl S-carboethoxymethyl phosphorodithioate) was almost 100 times
more toxic to the housefly than to the mouse [71], and the phosphorodithioate was degraded
more rapidly to acethion acid by insect tissues than by mouse liver [52]. Selective toxicity
was attributed to variations in carboxyesterase activity of insects and mammrals [71].

Dimethoate

Dimethoate (0,0-dimethyl S-[N-methylearbamoylmethyl] phosphorodithioate) possesses
animal systemic activity against ecto- and endoparasites of mammals [16] [37] [43] [44].
The metabolism of Dimethoate by insects and mammals is analogous to that of Malathion,
although the two phosphorodithioates are structurally quite different.

Dimethoate was rapidly metabolized and excreted as water-soluble products by rats and
lactating dairy cows [33]; hydrolysis occurred at the methyl-phosphate, phosphate-sulphur,
sulphur-carbon, and carbonyl-nitrogen bonds forming non-toxic products (Fig. 2), but

Fig. 2
Dimethoate sites susceptible to hydrolysis by phosphatases and amidase [18] [33] [47]

phosphorothicate oxidation was not demonstrated for the parent material. Similar degra-
dation paiterns have been observed in sheep treated with Dimethoate {34]. Cows treated
orally or intramuscularly with Dimethoate excreted about 9054 of the administered dose
in the urine within 24 h of treatment; the metabolic degradation products were isolated and
characterized as dimethyl phosphoric, -thioic and -dithioic acids [47]. Amidase was the
predominant esterase hydrolysing Dimethoate in mammals [33]. Although the oxygen
analogue was not identified from cows treated with Dimethoate [33], a material more toxic
1o the stable fly (Stomoxys calcitrans (L.)) than Dimethoate was present in the blood of cows
treated orally, intramuscularly, or intravenously [87]. The oxygen analogue was isolated from
rats and mice, and found to be the effective antiesterase agent [18] {52].

The carboxy derivative of Dimethoate formed by hydrolysis of the N-methyl group
underwent decarboxylation in vive resulting in 0,0-dimethyl S-methyl phosphorodithioate [£8]
which was more polar but less toxic than Dimethoate [33]. The radioactive S-methyl
compound was formed by rats and German cockroaches, and was isolated and charac-
terized by its co-chromatographic behaviour with non-radioactive: parént compound on
silica gel (Fig. 3) [18].

Dimethoate was more stable in insects than in rats [18] or mice [52]. About 652 of the
chloroform-soluble radicactive materials from insects was residual Dimethoate, while the
excreta of orally and dermally treated rats contained a much smaller percentage of the
compound [18]. Rats were 50 to 75 times more efficient than houseflies, German cockroaches,
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Co-chromatography on silica gel of Dimethoate and known carrier-materials with the chloroform-
soluble metabolites recovered from German cockroaches, {Fraction I = @,0-dimethy] S-methyl
phosphorodithioate [18])

or boll weevils in degrading Dimethoate to other metabolites, especially to the carboxy
and desmethylderivatives. The oxygen analogue was produced in larger quantities by houseflies
than by rats or cockroaches. Injection of 0.5pg of Dimethoate per gram of housefly,
American cockroach, or mouse resulted in 32, 16, and 899 degradation, respectively, in
0.5 h [52). Activation and degradation systems were present in both mammals and insects
but the activation system was predominant in insects. The greater stability of Dimethoate
and the more rapid formation of the oxygen analogue in insects as compared to mammals
appeared to be a plausible explanation of selective toxicity [18] [52].

Dipterex and related derivatives

The metabolism of P32-labelled Dipterex (0,0-dimethy! [2,2,2-trichloro-1-hydroxyethyl]
phosphonate) was investigated in rats, a dog, houseflies [6] and a cow [83]. The low toxicity
of Dipterex to mammals was attributed to phosphonate hydrolysis by serum esterases and
elimination of the trichloro-portion of the molecule in the urine as trichloroethyl glucuronide
[6]. Dipterex was rapidly degraded by a cow; 669 of the administered dose was eliminated
in the urine by 12 h post-treatment [83]. In the cow, the major metabolic pathway of Dipterex
was not by rupture of the P—C bond but by hydrolysis of the O-methyl ester linkage or
modification of the 2,2,2-trichloro-1-hydroxyethylphosphonate portion of the molecule [83].
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In rats, a dog or a cow, there was no evidence that the toxicity of Dipterex was due to
dehydrochlorination and rearrangement to the more active antiesterase, DDVP (0,0-dimethyl
2,2-dichlorovinyl phosphate).

The dehydrochlorination of Dipterex to form the more toxic DDVP was demonstrated
in houseflies using P32-labelled phosphonate and paper chromatographic technigues
(Fig. 4) [64]. The dehydrochlorination reaction served as an activation mechanism for this
phosphonate, since DDVP was considerably more toxic to insects and mammals than
Dipterex [6]. Apparently, this enzymatic dehydrochlorination occurred in houseflies [64]
but not in mammals {6] {7]. If this biochemical mechanism is specific for insects but not
for mammals, then it can be responsible for selectivity. [t is interesting to note that this
activation process of Dipterex is the same as the defence mechanism of resistant houseflies
against DDT which involves a dehydrochlorination of DDT to form the relatively non-toxic
DDE [75] [94] [95] [96].

CHsO (I? '-Il (I:l) .
P—-cI:—ioc:CHzCHaCHs

CHs O I CCls
CHs0y @ ?H
P—?—CCls
CHaO I H
CHaO (I:I)
P~—Q—CH=CClk
CHsO 11
Fig. 4

Carboxylic ester hydrolysis of Butonate (I} yields Dipterex (11} [7] which may be dehydrochlorinated
by housefiies forming DDYP (111} [64]

The acetyl derivative of Dipterex (0,0-dimethyl 2,2, 2-trichloro-1-acetoxyethyt phosphonate)
and the Butonate derivative (Q,0-dimethyl 2,2,2-trichloro-1-#-butryloxyethyl phosphonate)
[6] F7]1 when compared with Dipterex are less toxic to mammals but about equally toxic to
houseflies. These two derivatives were hydrolysed in vivo by rats and insects at the carboxylic
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ester group to form Dipterex as an intermediary metabolite [6] [7]. Hydrolysis of the
carboxylic ester group of Butonate was more complete in the American cockroach and
housefly than in rats [7]. Carboxylic ester hydrolysis increased the anticholinesterase
activity and toxicity of Butonate and Acetyl-Dipterex, while this hydrolytic process rendered
Malathion non-toxic,

Co-Ral

Co-Ral (0,0-diethyl O-[3-chloro-4-methylumbelliferone] phosphorothioate) is an effective
animal systemic insecticide when applied dermally [88] [92] but ineffective when ad-
ministered orally [1] [58]. Following oral administration, Co-Ral was rapidly degraded to
water-soluble metabolites and excreted in the urine and faeces of rats [53) [103] and steers [48).
Co-Ral was absorbed very poorly through the intestinal tract of steers [48); 35% of an
oral dose of 10 or 20 mg/kg was eliminated in the faeces within 7 d of treatment as compared
to 38%; climinated in the urine. Rats also eliminated a large amount of the administerad
dose in the faeces [103]. Co-Ral was absorbed slowly through the skin of rats, a cow, a
goat [50], steers [48] and bulls [85], and the radiolabelled materials absorbed in the blood
were water-soluble metabolites {48] [85]. Thus, the effectiveness of dermal applications of
Co-Ral against the cattle grub, Hypoderma lineatum (DeVill), in the gullet of cattle [20]
cannot be explained on the basis of Co-Ral transport by the blood. When Co-Ral was
injected into steers at 5 to 10 mgfkg, 859 or more of the injected dose had moved from the
site of injection within 3 d of the treatment [23]. Minute quantities of the oxygen analogue of
Co-Ral were isolated from muscle tissuc. About 39 of the injected Co-Ral equivalents
were accounted for in the faeces [23]. From 2 to 6% of the Co-Ral applied dermally was
eliminated in the urine of cattle [85].

The selective toxic action of Co-Ral has been explained by differences in activation and
deactivation processes in insect and mammalian tissues [72]. Phosphorothioate oxidation
was the only activation mechanisim in mammals [50] [103]; the production of Coroxon, the
oxygen analogue of Co-Ral, was also pronounced in the housefly [72] [103] but was less
extensive in the cattle grub [72]. The liver was primarily responsible for Co-Ral metabolism;
activation and degradation systems were operative in the liver of the ox, but the degrading
system was more potent [72]. In insects susceptible to Co-Ral, such as the housefly and
cattle grub, there was an activation but no degradation system [72]. When P32.labelled
Co-Ral was applied topically at 25 mg/kg to the housefly, stable fly, or German cockroach,
about 50% of the applied material was absorbed within 4 h of treatment [103]. From 91
to 99%; of the non-hydrolysed radioactive materials was characterized as unchanged Co-Ral;
the remainder was the oxygen analogue. The significance of Coroxon production in insects
is not quite clear, since Co-Ral and Coroxon are about equally toxic to the housefly [86] [103)
and other insects [103].

Degradation of Co-Ral to non-toxic products was more rapid in mamrmals than in insects.
In mammals, hydrolysis occurred at the P-Ccoumarinyl bond and less extensively at the
ethoxy linkage (Fig. 5) [50] [103]. Opening of the pyrone ring of Co-Ral occurred in alkali
[46] [50), and the pH (8.0—8.5) of cow urine was conducive for the formation of open-ring
Co-Ral [50]. Opening of the pyrone ring was not a suspected degradative mechanism in rats
[103] or poultry [35] [36]. Apparently, de-ethylation oceurred before and after Coroxon
formation [50].

Co-Ral metabolism was investigated in laying-hens following dermal or oral administration
[35] [36]. Co-Ral was rapidly metabolized to water-soluble products and no organic
solvent-soluble materials were detectable in internal tissues within 3 d of dermal application
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Fig. 5
Co-Ral sites susceptible to hydrolysis in biclogical systems [50] [103]

at 50 mg/kg. Radioactive materials excreted in the faeces consisted of residual Co-Ral, the
oxygen analogue, diethylphosphoric acid, and diethylphosphorothioic acid. Some Co-Ral was
completely degraded to phosphoric acid that was incorporated inte normal phosphorus-con-
taining metabolic products (Table I}). Radioactive phospholipids, ribose nucleic acid, and des-
oxyribose nucleic acid were isolated from the liver [35]. These naturally occurring phosphorus-
containing metabolites were also isolated from the liver and kidney of bulls treated with
Co-Ral; P32 was an integral part of the normal metabolites [85]. Laying-hens receiving
Co-Ral at 160 ppm in the feed eliminated 799, of the Co-Ral equivalents in the faeces
by 28d of post-treatment; over 859, of the excreted materials were hydrolytic products [36].

TasLe 1

FRACTIONATION OF THE RADIOACTIVE MATERIALS FROM FAECES AND LIVER
OF HENS DUSTED WITH CO-RAL AT APPROX. 50 mg/kg

) Days Per cent present as * —
Téssue tor after
Xoreta Lt
Treatment | Acld SoWB | Phospholipids | RNA** DNA ** Residue

Liver 3 358 254 36.8 1.6 0.4
Liver 7 239 28.5 431 4.5 [
Faeces 3 46.6 452 T4 0 0.8
Faeces 7 442 23.4 12,7 9.1 10.6

* Fractionation procedure of Schneider [90].
** Ribose nucleic acid and desoxyribose nucleic acid, respectively.

The low toxicity of Co-Ral to mammals or poultry may be attributed to poor absorption
through the skin or digestive tract and to rapid hydrolysis of the organophosphate. Co-Ral
was absorbed quite readily throughthecuticle of insects; degradative processes were slow,
but activation was rapid. Thus, the selectivity of Co-Ral is probably due to differences in
absorption, activation, and detoxication processes in insects, mammals and poultry.

Ronnel

Ronnel (Q,0-dimethyl 0-2,4,5-trichlorophenyl phosphorothioate) administered to cattle
by oral drench or bolus at 100 mg/kg was almost 100%; effective for controlling cattle
grubs [2] [45] [59] [82] [89]. About 50°%; of a 100 mg/ke dose of Ronnel administered to a cow
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was eliminated in the urine by 7 d of post-treatment [78]. Although the presence of the
oxygen analogue was not demonstrated ix vivo [78), its formation by rat liver was established
in vitro [15). Ronnel was hydrolysed at the P-C-methyl and the P-O-phenyl bonds by rats
and a dairy cow [78]. In houseflies, hydrolysis of Ronnel was predominantly at the phenyl
group, while in rats, hydrelysis occurred mostly at the P-C-methyl group. This difference in
hydrolytic attack of Ronnel by insects and mammals may serve to explain selective toxicity
[78]. This explanation of selective toxicity was substantiated with other dialkyl aryl
phosphorothicates [79]. Alkyl-phosphate hydrolysis was an alternate detoxication mechanism
in mammals, when the dosage was too great to be metabolized through hydrolysis of the
aryl-phosphate bond. Very little alkyl-phosphate hydrolysis occurred in American cock-
roaches. The lower alkyl-phosphate hydrolysis in cockroaches and houseflies as compared
to rats may contribute to selective toxicity, but does not explain toxicity differences between
different species of mammals [79].

Ruelene

Ruelene (4-tert-butyl-2-chlorophenyl methyl methylphosphoramidate) possesses prom-
ising parasiticidal and systemic insecticidal activity in livestock [60] [91] [101]. The ir vivo
degradation of Ruelene is complex and involves enzymatic attack at the 3 different ester
groupings (Fig. 6). Ruelenec was highly unstable in sheep; almost complete hydrolysis

CHz0 | O G_ Chs
o Ol
CHs

Fig. 6
Ruelene sites susceptible to hydrolysis in biolocical systems [15] [24] [98]

CHg\ N
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occurred within 24 h of treatment [98]. Hydrolysis occurred at the P-N-methyl, P-O-methyl,
and P-C-phenyl bonds to form a large number of metabolites. The complete metabolic
scheme was not established in sheep [98] [100] or poulitry [21] but the following metabolites
were isolated and tdentified: O-methyl phosphoric acid, 4-ferr-butyl-2-chlorophenyl methyl
phosphoric acid, O-methyl N-methyl amidophosphoric acid, and 4-ter¢-butyl-2-chlorophenyl
methylamidophosphoric acid. 6, possibly 9, metabolites were isolated from sheep and
pouliry excreta using anion-exchange chromatography [80] and paper chromatography.

P32-labelled Ruelene and a polymer formulation of Ruelene were administered orally to
sheep at 50 mg/kg [100]. The polymer decreased the hydrolytic rate of Ruelene and decreased
the amount of absorption through the intestine; consequently, there was a decrease in
Ruclene residues in internal tissues such as muscle, liver, kidney, and fat. The facces from
sheep treated with the polymer formulation of Ruelene contained more Ruelene equivalents
than the faeces from sheep treated with the non-poylmer formulation (Table I1). A polymer
formulation of an insecticide may limit its usefulness for cattle-grub control, but increase
its. effectiveness in controlling the multitude of livestock pests that breed in faeces, and in
controlling gastrointestinal parasites. The polymer formulation of Ruelene was as effective
as commercial formulations for controlling several species of gastrointestinal parasites of
sheep [101].
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TasLr I1

CUMULATIVE PERCENTAGE OF RUELENE EXCRETED IN URINE AND FAECES
OF SHEEP TREATED ORALLY AT 50 mg/kg

Urine Facces
Days after | | 77 N
treatment Palymer Won-pelymer Palymer Nom-polymer
treatment treatment treatment treatment

I 16.5 505 12.6 78
2 228 639 ) 222 9.3
3 35.7 653 26.4 10.3
4 37.8 66.0 39.8 132
5 378 67.1 47.5 14.6
6 38.1 . 680 49.3 150
7 8.2 63.9 50.3 16.0

Ruelene was rapidly metabolized by laying-hens receiving the toxicant in the diet for
7d at 100 ppm [21]. When hens were returned to normal feed for 3 d, toxic residues had
dissipated from several tissues. Ruelene was degraded to phosphoric acid that was incor-
porated into normal phosphorus-containing metabolites, particularly in bone tissue, liver
and kidney. Only 299 of the Ruelene consumed in the feed was eliminated in the faeces
during the 21-d experimental period. The complete degracdation of Ruelene to phosphoric
acid and the utilization of this acid in the normal metabolic pool probably accounted for
the small percentage of the Ruelene equivalents eliminated in the excreta [21]. Six metabolites
were isolated from the excreta; O-methyl phosphoric acid and 4-fert-butyl-2-chlorophenyl
methyl phosphoric acid were tentatively identified {21].

The absorption and metabolisin of Ruelene was studied in 19 species of insects [19]. In
general, Diptera degraded Ruelene more completely than lepidoptera, followed by
coleoptera, then hemiptera. A large portion of the absorbed Ruelene was not extractable
from the cuticular fraction. Ruelene was absorbed more readily by the American cockroach
than the German cockroach, but the absorbed material was more stable in the German
roach. This animal systemic insecticide was considerably more stable in insects [19] than
in sheep [98] [100] or poultry {21}, and metabolism was less extensive in insects as judged
by the limited number of metabolites resolved by paper chromatography.

Baytex

Baytex or Bayer 29493 (0,0-dimethyl O-[4-(methylthio)-m-tolyl] phosphorothioate) is a
promising animal systemic insecticide [16]. Structurally, Baytex is similar to Systox and
Phorate (Thimet), and its oxidative and hydrolytic metabolites are apalogous to those of
the aliphatic phosphorothioates [54] and phosphorodithioates [12]. About 80% of the
Baytex administered orally to rats at 100 mg/kg or administered intraperitoneally at 10 mg/fkg
per day for 10 d was eliminated in the urine and faeces [10] [17]. More than 90% of the
P32-materials in the urine and faeces were the hydrolytic products, dimethy] phosphoric and
dimethyl phosphorothioic acids. Hydrolysis of the P-G-methy]l bond probably accounted
for the unidentified ionic product isolated by anion exchange chromatography. The hydrolysis
of Baytex by rats receiving multiple intraperitoneal injections followed a peculiar pattern in
that the percentage of hydrolytic products decreased in the urine as the number of Baytex



76 B. W, ARTHUR

doses increased. Perhaps there was an over-saturation of the enzymes necessary for complete
hydroelysis [17].

Baytex underwent thiophosphate and thiophenyl oxidation forming 5 oxidative metabolites
in rats, houseflies, German cockroaches, and boll weevils [10] [17]. Oxidative products were
produced by rats and insects; hydrolysis was more rapid in rats. The characterized oxidative
metabolites were the oxygen analogue, the sulphoxide and sulphone of the parent compound,
and the sulphoxide and sulphone of the oxygen analogue (Fig. 7). The percentage of oxidation
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Fig. 7
Oxidative metabolites of Baytex produced by insects and rats [10] [17]

products was variable between insect species; the percentage in the urine and faeces was
also quite variable (Table III). More efficient oxidation and greater stability of Baytex in
insects as compared to rats probably accounts for the selective toxicity of this material,

TaBLE 11
FRACTIONATION OF BAYTEX OXIDATION PRODUCTS BY CELITE PARTITION
CHROMATOGRAPHY
Biological Time after Per cent of Chloroform-Soluble Radioactivity™®

System Treatmeat Peakl | PoakIl | PeakHI | PeskIV |Peaks V&VI| McOH
Rat (arine)}** 1d 6.5 3.7 1.3 0 87.4 11
. . 2d 2.2 3.6 2.7 0 86.5 5.0
. ' 3d 2.2 1.7 214 6.4 574 4.9
Rt (faeces) 1—3d 224 0 535 0 143 9.8

Housefly** 1h 63.5 5.5 7.8 18.3 4.9 0
Housefly 4h 4.3 57 33 18.6 263 1.8

German Roach lh 911 0 0 0.0 3.0 0
German Roach 4h 52.7 .5 31 L5 11.9 3

Boll Weevil 4h 48.6 205 18.4 8.5 40 1}

* (I) Bayer 29493, (IT) the su'phoxide of Bayer 29493, (TIT) the oxygen analogue of Bayer 29493, (1V)
the sulphone of Bayer 29493, (V) the sulphoxide of the oxygen analogue, and (V1) the sulphone of the
oxygen analogue. MeOH fraction represents unidentified metabolites.

** Rats treated orally at 100 mg/kg; insecis treated topically at 25 mg/kg.
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There was no evidence that the S-methyl isomerization product of Baytex was formed
in vivo as was demonstrated for Bayer 25141 {0,0-diethyl O-p-[miethylsulphinyl] phenyl
phosphorothioate) in plants [11]. $-alkyl isomers are generally formed by heating phosphoro-
thioates such as Parathion [57] [61] and Systox [40], but the activation reaction has not
been demonstrated in insects or mammals. However, the possibility exists that the reaction
is a new aclivation process in these biological systems.

Bayer 22408

Bayer 22408 (0,0-diethyl O-naphthaloximido phosphorothioate) is a new phosphorothicate
that compares favourably in toxicity to mamrmals with the least toxic of the organophosphates
and is highly effective against many species of insects [13], Bayer 22408 was metabolized
to its oxygen analogue, ethyl phosphoric acid, diethyl phosphoric, and diethyl phosphorothioic
acids by rats and several species of insects [14]. The degradation of Bayer 22408 by insects
and rats did not differ in the number of metabolites but in the amount of each metabolite
formed. Bayer 22408 was stable in insects; most of the absorbed material was recovered
as administered. Bayer 22408 was degraded rapidly by rats to water-soluble phosphoric
acids, which were ecliminated primarily in the wurine. The differences among the
cumnulative percentages of radioactivity eliminated in the faeces from rats treated orally at
100 mgfkg subcutaneously at 500 mg/kg or dermally at 1030 mg/fkg were negligible. About
25 %, of the administered dose was climinated in the faeces within 7 d of treatment, regardless
of the route of administration. More ethyl and diethyl phosphoric acid was present on
the first day following treatment of rats orally or subcutaneously than on the second and
third days (Table IV). In comparison with other phosphorothioates, Bayer 22408 was
unusual in this respect [9] [78]. Since a large amount of Bayer 22408 was eliminated in the
faeces of mammals, it may have a practical use for controlling pests of livestock that breed
in faeces [14].

TaABLE IV

HYDROLYTIC PRODUCTS OF RADIOACTIVE BAYER 22408 ISOLATED FROM RAT URINE
AND CHARACTERIZED BY ANION-EXCHANGE CHROMATOGRAFHY

Trent . Days after Per cent present as —
reatmen Treatment (CH0RPO)0H | (C:H;0LP(SIOH
Oral (100 mg/kg) 1 354 64.6
. 2 20.3 79.7
. 3 17.1 829
Subcutancous (500 megfkg) 1 31.9 08.1
- 2 25.3 74.7
v 3 21.8 78.2
Dermal (1000 mg/kg) 1 212 78.8
" 2 21.1 789

P32-labelled Bayver 22408 was applied dermally as a 0.5% emulsion to two Holstein dairy
cows [22]. Detectable quantities of the intact insecticide were isolated from milk for the
first 6 d of post-treatment, and Bayer 22408 equivalents in the milk were about 10 times
higher than the actual Bayer 22408 (Table ¥). No oxygen analogue of the parent compound
was isolated from milk, but it was the predominant non-hydrolysed product in the faeces
(Table VI), Less than 19 of the radioactivity applied dermally appeared in the milk, while
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about 352 appeared in the faeces [22], The faecal metabolites were toxic o stable fly larvae
but not housefly larvae. The possibility that insecticides might be excreted in milk in vive
but would undergo degradation during the first few days in vitre can be discounted for such
a compound as Bayer 22408, since it was stable in milk under in vitro conditions for 14 d [97].

TABLE V

BAYER 22408 AND METABOQLITES EXCRETED IN THE MILK OF DAIRY COWS TREATED
DERMALLY WITH ONE QUART OF A 0.5 EMULSION PER COW

ppm Bayer 22408 in Milk bazed on —
Days after " o
‘Treatment Total P32 Acetonitrile-Saluble Actual
Materials Radioactivity Bayer 22408%
0.25 0.086 . 0.062 0.053
| 241 094 074
2 o4 057 044
3 365 039 i 023
5 613 036 | 02a
7 I 376 017 | 0o

* Characterization by co-chromatography on a Celite partition column.

TABLE VI

CELITE PARTITION AND ANION EXCHANGE CHROMATOGRAPHY OF THE ACETO-
NITRILE AND WATER-SOLUBLE RADIOACTIVE MATERIALS RECOVERED FROM THE
FAECES OF COWS TREATED WITH BAYER 22408

Days after Celite-Acetonitrile :nion-Watcr

Trearment Bayer 22408 Canalague MeODH* (CaHORPOOH | (CH0:PSIOH
| 4.5 11.4 0.5 17.2 40.6
3 6,7 8.8 N 26.9 43.0
5 53 8.2 2 18.5 53.3

* Represents unidertified products.

Bayer 22408 was formulated as a polymer and administered oralty to sheep at 50 me/kg[99].
Of the P32 administered, a greater percentage was eliminated in the faeces and a smaller
percentage in the urine of the sheep treated with the polymer formulation than was excreted
in the urine and faeces of the sheep treated with the non-polymer formulation. The ratio of
the diethy]l phosphoric acid and diethyl phosphorothioic acid in the excreta of sheep was
about the same as for rats [14]. The 22408 eliminated in the faeces of sheep was resistant to
weathering for at least 20 d under natural conditions. Leaching of the phosphoric acids
from the faeces occurred but the Bayer 22408 remained in the faeces. This finding might be
of significance in controlling fly larvae in faeces or in controlling infective stages. of round-
worms [99]. The effectiveness of Bayer 22408 against several species of gastrointestinal
parasites has been demonstrated (101], but this phosphorothicate does not possess animal
systemic properties [14].
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Other organophosphates

This discussion on activation and detoxication mechanisms of systemic and non-systernic
organophosphates would not be complete without mentioning two other biochernical
mechanisms. The phosphoramides, Schradan and Dimefox, and the phosphorothioate,
Parathion, are not animal systemics but their activation and detoxication processes are
unique. Most of the metabolism studies with Schradan were conducted before radioisotope
techniques became a common laboratory-tool [4] [24] [67] [102]. P32-labelled Schradan
and Dimefox were prepared and their metabolism was investigated in insects and mammals [8].
The American cockroach and rats converted both phosphoramides to the more potent
anticholinesterase agents, the N-oxides of the parent compounds. Whether the N-oxide
rearranges to the N-methoxide [25] [26] or to the methylol derivative [68] has not been
established conclusively, The liberation of a formaldehyde-yielding material in this oxidative
and rearrangement reaction resulted in the formation of heptamethylpyrophosphoramide
before hydrolysis of the P-O-P bond. Hydrolysis of Dimefox liberates HF [73]. Schradan
was more stable to hydrolysis than Dimefox in either biclogical system [8]). It has been
postulated that susceptibility of insects to Schradan depends on activation of the compound
within nerve-tissue and that, in non-susceptible species, the rate of conversion in the fat
body is so rapid that little or no unconverted compound reaches the nerve tissues [67].
Possible pathways for the hydrolytic breakdown of Schradan that could account for its
ineffectiveness against many insects have not been found.

The toxicity of Parathion to the American cockroach was due to its conversion to Para-
oxon [62]. In susceptible houseflies, Para-oxon accumulated to a greater extent than in
Tesistant strains [74]. P32-]abelled Parathion was converted to Para-oxon by a cow but, in
in vitro studies utilizing rumen fluid, this metabolite was not a major constituent. Parathion
follows two metabolic detoxification pathways, hydrolysis of the P-O-phenyl bond and
reduction of the p-nitro group forming amino Parathion. The reduction takes place before
or after Parathion oxidation and the reduced Parathion is relatively innocuous [3]. This
detoxification mechanism appears unique for p-nitrophenyl phosphates.

The metabolism of other P32-labelled organophosphates in mammals that has been
investigated includes Delnav (2,3,-p-dioxane dithiolS, S-bis [Q,0-diethyl] phosphorodithioate)
[91 [30] [B1], Phosdrin (1-methoxycarbonyl-1-propen-2-y! dimethyl phosphate) [28], and
Diazinon (0,0-diethy] O-[2-isopropyl-6-methyl-4-pyrimidryl] thiophosphate) [84]. Although
these pesticides are not animal systemics, they are of interest as contact insecticides for use
on mammals and forage crops [5] [38] [49] [77].
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DISCUSSION

F. P. W. WinterRINGHAM (United Kingdom) : I should like firstly to congratulate Dr. Arthur
on his constructive interpretation of insecticide metabolism, especially in relation to selective
toxicity. At the same time, I hope that he will forgive me if 1 expand a little on one of his
statements. In discussing the Dipterex-DDVP metabolism in insects, I think he drew an
analogy between the removal of HCl from DDVP and the removal of HCl from DDT.
T don’t think Dr. Arthur would mean that the processes are identical, because in actual fact
the enzyme responsible for DDT dehydrochlorination is—most unfortunatelyl—mot the
same as that dehydrochlorinating Dipterex. If it were so, we might expect Dipterex to be
more toxic to those DD T-resistant houseflies which possess high concentrations of DDT de-
hydrochlorinase than to DD T-susceptible flies. There are indeed reasons for expecting that an
enzyme capable of dehydrochlorinating the lipophilic DDT would not be capable of
similarly dehydrochlorinating Dipterex.

B. W. AxtHUR: Thank you for vour elucidation. I am still not quite clear, however, as
to why DDT dehydrochlorination does not attack Dipterex.

F. P. W. WiNTERINGHAM: 1 think the answer to that almost certainly lies in the very high
degree of specificity of enzymes. There are many enzymes which, of course, are hydrogen-
activating—the dehydrogenases and so on—but they are highly specific in the substrates they
attack. Now, the enzyme which attacks DDT is, I think, fairly specific for the DDT-type.
molecule, There is not only a big difference between DDT and Dipterex, even in terms of
solubility in the phases in which they are likely to finish up in the insect, but the dehydro-
chiorination of Dipterex of course also involves a molecular rearrangement. I suspect that
the enzymes which bring about these two reactions are quite different.

1. E. Casipa (United States of America): The reported DIDVP in insects could be attributed
to the method of work-up, since the spontaneous dehydrochlorination could have yielded the
amount that was recovered. Dibrome, on the other hand, will react with sulphydro compounds
to give DDVP. This has now been reported for a number of systems, but apparently a
non-enzymatic debromination is involved.

We have been working on the enzymes that break down DDVP, carrying out a strictly
enzymological study to find out how many enzymes are concerned. There are at least seven
acting by breaking off the methyl, the dichlorovinyl, taking the aldehyde to dichloroethanol.
taking the desmethyl to dichlorovinylphosphate, cleaving that to phosphoric acid. And in
a few cases some of these demethylating esterases are sensitive to other phosphates—the
dephosphoramidating esterases, for example.



CL3-DIELDRIN IN MICE

D.F. HEATH
Mebical ResEARCH COUNCIL LABORATORIES, CARSHALTON
Untrep KINGDOM
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CPR6-dicldrin in mice. The distribution of Cl136-Dieldrin injected intravenously into mice (L.A.C.
grey strain) was studied. Extraction of Cl26-Dieldrin from tissues proved difficult, and experimental
techniques are described in detail.

Shortly after injection, high concentrations were found in the liver and brain, but the compound
rapidly dispersed and, 24 h after injection, was mainly in the fatty tissues, Very little was excreted.
Some was probably metabolized. An attempt is made to relate these findings to the toxic effects.

La dieldrine marquée au chlore-36 chez la soaris. L’auteur a étudié la distribution de la dieldrine
marquée au chlore-36 injectée par voie intraveineuse dans des sowis (variété grise L.A.C.). 1l s’est
révélé difficile d'extraire la dieldrine marquée an chlore-36 des tissus des sujets; Pautenr décrit en
détail tes méthodes employées 4 cette fin. _

Peu de temps aprés 'injection, on a observé des concentrations élevées dans le foie et le cerveau;
cependant, le composé sest dispersé rapidement, t, 24 h aprés Pinjection, il était contenu principale-
ment dans les tissus adipeux. Il en a ét€ rejeté trés peu par excrétion. 11 est probable qu’une partie de
[a substance était meétabolisée. L'auteur tente d'établir une refation entre ces résultats et les effets
toxiques.

Aeengpre-Cl36 B muimax, BEJIO R3Y4EHO DAacTpefieneHne BECAEHHOTO BHYFPHBEHHO MEBIIIAM
(L.A.C. ceppiii upn) anenzprua-CP6, Vapneuenue aumenapmua-Cl36 M3 TKAHM OKA3a0Ch TPYAHBIM,
W B JOKNAINE AETAMbHO ONUCHIBAIOTCH HCIONB3IOBAHHLIE AMH 3TOTO METOIBL

Bexope mocnie BEEeHAs BHCOKHE KOHUCHTPALMH BEIIECTEA ObLTH OOHADYXEHL! B NIEYEHR H MDITE,
OHNAKC COSMAeHNE HLICTPO Paccennock M Yepes 24 waca NMoche BECNEHHS HAXOJAIOCE B OCHOBHOM
B XMPOBLIX TKaHAX. Odens neHosbmaf 4ACTE OBUTA BEIgCNeHa. YacTs, BEDOATHO, MeTADOIHIAPO-
sanack. GBI CAGAAHA MOBLITKA COTIIACOBATE 3TH BLIBOIM C TOKCHISIKMM N=ACTaASM

Distribucién del dieldzin-36C1 en los ratones. El autor ha estudiado la distribucion del dieldrin-36CL
adminristrado por via intravencsa a ratones (cepa gris L.A_C.). Resultd dificil exiraer el insecticida
marcado de los tejidos de los animales; el autor describe detalladamente los métodos utilizados con
tal fin.

Poco tiempo después de la inyeccién se hallaron concentraciones elevadas del insecticida en el
higado y el cerebro, pero el compuesto se dispersd rapidamente ¥ 24 h después de la inyeccion se
enconird principalmente en los tejidos adiposos. Muy poca cantidad fue excretada y una pequefia parte
de la sustancia fue metabolizada. El autor procura establecer una relacion entre estos resultados y
los efectos toxicos.

L Infroduction

Dieldrin (1:2:3:4:10: 10-hexachloro-6: 7-epoxy-1:4:4a: 5:6:7:8: 8a-octahydro-1:4-endo-
5:8-exodimethanonaphthalene) is a widely used insecticide, toxic to mammals. Many
cases of human poisoning have been reported [1]. PATEL et @l [2], for example, have described
twenty, The mechanism of action is unknown. It seemed possible that a knowledge of the
distribution and fate of Dieldrin in vive would help us to understand the mechanism, but
such studies were hampered by difficulties in estimating low concentrations in animal
tissues, and by the impossibility of establishing the presence of metabolites, which might be
important. This situation was changed when the Shell Chemical Company made available
supplies of Dieldrin labelted uniformiy with CI36,

g 83
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This paper describes some preliminary experiments with C136-Dieldrin. Mice were chosen
as experimental animals, because they are the smallest readily available species which show
the typical syndrome of convulsions. Complete absorption of the compound into the system
was ensured by injecting it intravenously.

H. Compounds and Methods

DIELDRIEN

A commercial specimen was recrystailized twice from ethanol. The product melted at
175.5°C, over a range of less than 0.5°,

CLIS-DIELDRIN

The specimen was a gift from Shell Research Ltd., Sittingbourne, Kent, U, K. All experi-
ments were carried out on one specimen, of specific activity 95.4 pec/fg.

MICE

Most experiments were carried out on female LAC grey mice, of 25—30 g weight. A few
were carried out on female Swiss albino mice.

ADMINISTRATION

Dieldrin was injected intravenously by the tail vein as a 19{ solution in glycerol formal.
Trials showed that doses were accurate to about 25(.

EXTRACTION OF CL36-DIELDRIN FROM TISSUES

Blood was obtained by decapitating mice, and running the blood into a weighing bottle
containing heparin. A known volume was used for an estimation. Facces and urine were
collected from a group of 5 mice over a 24-h period after injection. The separation of
faeces from urine was imperfect. The extraction methods used varied as shown below.

(@) Brain, blood, heart, kidney, lung, muscle and faeces

These were ground with 20 times their weight of Na;S04 anhydrous, and placed in a
Soxhlet thimble. Unlabelled Dieldrin, 50 mg in 3 m! »-hexane, was run into the contents
of the thimble (to brain, exactly 22.1 mg in 2 ml were added). The Dieldrin was then extracted
for 2—3 h with n-hexane in a Soxhlet apparatus, and the extract concentrated to about 2 ml.

(b) The pastro-intestingl tract

The gastro-intestinal tract was divided into three parts: large intestine, small intestine,
and stomach with duodenum. Each was macerated for 5 min with 50 ml acetone in a
homogeniser with 30 mg of carrier Dieldrin. The acetone extract was separated by filtration
and evaporated down to 5 ml, 20 mi of light petroleum (80—100°C) were added, and the
mixture evaporated down in turn to 2—3 ml, thus removing the acetone. The residue was
diluted with 20 ml of light petroleum, shaken with a few ml of water, and the layers
separated by centrifugation. The petroleum layer was removed and evaporated to near
dryness, and the residue dissolved in #-hexane. The separation with water was necessary
because solids and a small aqueous layer separated out when the acetone was removed.

(c) Skin
The skin was shaved and beiled with acetone for several hours. The acetone exiract was
worked up as under ().
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{d) Fat
Fat was dissolved in boiling #-hexane and filtered.

(e) Urine
Urine was extracted with 7-hexane, and the extract concentrated to 10 ml.

(f) Carcass

This was the residue left after the organs listed had been removed. The carcass was
macerated with acetone and left several hours at 4°. The acetone was filtered off, and worked
up as under {5).

(g) Whoele mice

Each mouse was homogenized with about 150 ml of water for 5 min in a Townson and
Mercer bottom-drive macerator. The whole homogenate was then transferred to a flask with
about 1.2 liters of acetone and 1 g (accurately weighed) of carrier Dieldrin, and the mixture
refiuxed for 3 h. The acetone was filtered off, and the filtrate boiled down to about 300 ml.
Light petroleum (300 mi, Bp 100—120°) was added, and boiling continued to expel the acetone.
The petroleum layer was separated, and the petrolenm boiled off as completely as possible,
The residue was dissolved in about 100 ml of »-hexane.

ESTIMATION OF CL¥-DIELDRIN
Three methods were used:

(a) For afl but whole mice and extracts from brains, the n-hexane extracts obtained were
diluted to 10 mi with »-hexane (carcass samples to 50 ml) and counted in a liquid counting
tube. The sensitivity was 3—4 cpm/pg of Cl36-Dieldrin, depending on the particular tube
used. Enough counts were recorded to give a standard error on the counts equivalent to
0.5 to 1 pg of Cl¥6-Dieldrin.

(b} Each n-hexane extract from a whole mouse was extracted once with an equal volume
of methyl cyanide to separate the Dieldrin from fat. The methyl cyanide was evaporated to
dryness, whereupon Dieldrin crystallized out. The Dieldrin was recrystallized in turn from
n-hexane and ethanol (the solvents must be used in this order), dried at 110° for 15 min,
weighed, and its Mp determined. The mp-range was usually 1—3°, and the yield 0.2—0.35 g,
i.e. 20352 of carrier Dieldrin. The Di¢ldrin was dissolved in 10 mi of n-hexane, counted
in a liquid counting tube, and the quantity of CI36-Dieldrin in the mouse calculated on the
assumptions usually made in isotope dilution experiments, i.e. that the only labelled compound
appearing in the purified Dieldrin was CI3-Dieldrin, and that all the CI36-Dieldrin was
extracted from the tissue.

(¢) CI36-Dieldrin in brain extracts was estimated as AgC136. The Dieldrin had, therefore,
to be separated from any inorganic or water-soluble chlorides and from fat, and its chlorine
content converted to inorganic chloride. Adaptations of well-known methods were used.
The extract was diluted with ether, and washed with water to remove inorganic chlorides.
The ether was removed by evaporation and the residue dissolved in #-hexane and methyl
cyanide (about 4 ml of each). The n-hexane was extracted 3 times with methyl cyanide, a
process which extracts most of the Dieldrin but leaves most of the fats in the hexane [3].
The methyl cyanide was evaporated, and the residue refluxed with 5 ml sec-butanol and
0.2 g metallic Na for 21 h to obtain the CI% as inorganic chloride [4]. The mixture was
cooled, 3 ml of water added, and the butanol evaporated in an air stream at 100°. The residue
was made slightly acid with HNOj3, It still contained some interfering compounds, which
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were extracted with ether. Agar (1 ml of a 0.19; solution) was added, followed by 5 ml of
0.1 N AgNO;. The AgCl precipitate was filtered through a sintered glass planchette, porosity
3, washed with 0.02 NHNO; (50 ml), a little water, and acetone, and dried at 150° for 30 min.
The planchette was cooled, and the precipitate weighed, and counted with an end-window
counter. The carrier Dieldrin added was enough to give 50 mg of AgCl. As the planchettes
were 7 cm? in area, self-absorption was negligible during counting. The concentration of
Agar was critical, and each solution had to be adjusted to give a suitable precipitate — fine
enough to spread over the planchette, but not so fine that it ran through. The precipitation
andcountingprocedure were tested using HCl containing HCI36, In 18 gravimetric estimations,
the recovery of AgCl was 100 + 1%, and the standard deviation on the counts was 1.98%,.
When, however, Cl136-Dieldrin and carrier were added to a sodium-sulphate brain-mixture
in the Soxhlet thimble before extracting, the recoveries of Dieldrin chlorine as AgCl varied
from 60 to 95%,. The major cause of this variation was the presence of compounds during
the precipitation which altered the state of the precipitate so that variable amounts passed
through the planchettes. This was corrected for from the weights of AgCl actually obtained
and those obtained theoretically from the known weight of carrier. 17 determinations were
made with these corrections. The cpm/pg of Ci36-Dieldrin were 20.4 4+ 1.5 (SD), The method
therefore gave six times more counts/pg CIP6-Dieldrin than did liquid counting.

As the standard error was fairly high, the method was net more accurate than liquid
counting when the quantity of C1?6-Dieldrin exceeded about 10 pg. One was able, however,
to show the presence of about 0.1 pg of CI36-Dieldrin with certainty since the background
of the end-window counter was only about 7.5 counts/min. With liquid counting the back-
ground was higher, and about 1 pg was required to give a definite positive count.

METABOLITES
The experimental procedures are described later,

I1II. Results

LD<g OF DIELDRIN AND SIGNS OF POISONING

The intravenous LDsg in female mice (LAC greys) of a 19 solution of uniabelled Dieldrin
was 15.25 mgfkg, with fiducial limits of 14.25—16.32 mg/kg as calculated by the method of
WEIL [5].

Mice usually died within 30 min of receiving a lethal dose, but two of the ten deaths
observed took place over an hour after injection. Doses of 10 mgfkg and above caused brief
clonic convulsions within about 10 min. In severe cases tonic convulsions were observed.
Death took place during or immadiately after tonic convulsions. It never followed one
convulsion only, but ensued after 2, 3 or 4 convulsions. One hour after injection most mice
appeared fairly normal, After 16 h they were indistinguishable from normal rnice.

For work with CI?6-Dieldrin 12 mg/kg was the dose chosen. This rarely killed, but always
caused at least one convulsion,

The effects of a second injection were studied briefly. Mice were given 12 mg/kg inira-
venously, and then a further dose intravenously, 80 min later. Only 5 mice were treated in
this way. They secemed to be at least as resistant as untreated mice. Thus of the two mice
given a second dose of 10 mgfkg neither convulsed, the one given 13 mg/kg convulsed
three times rather mildly and, of the two given 17 mg/kg, one died after 31 min and
the other was killed 23 h later, when it was prostrate. The syndrome was different in the 3
mice which convulsed. Convulsions were never violent, but there was a continuous
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shaking movement throughout the convulsive period. All 5 mice had received well above the
acate LDsg (22, 25 and 29 mgz/kg), but only one died rapidly. Thus in mice there is no marked
cumulative action of intravenous Dieldrin.

DISTRIBUTION EXPERIMENTS

(@) Brain and blood

These were estimated at various times after injection, with the results shown in Fig. 1.
The concentration in the blood fell rapidly to about 0.2 pg/ml. The concentration in the
brain rose to a maximum of about 16 pg/g within 10 min of injection, fell roughly lincarly
for 2 h and then stayed substantially constant at about 1—2 pg/fg for a day.

—20

{ug/g)

™

50 100 14 -

] ] & g
min
Fig. 1

Cl36-Dieldrin in brain and blood

The concentrations of Dieldrin were determined at different intervals after injecting 12mgfkg
intravenously

& = brain, X = blood, I = standard errors

(b)Y Other fissues

The concentrations found at various times after injection are shown in Table 1. The
compound was fairly evenly distributed. Only two aspects appear of interest: the liver
concentration was initially high, and remained high for over an hour; and the total recoveries
fell rapidly to about 70%,.

(¢} Urine and faeces

Dieldrin in the urine and faeces was collected from 5 mice in the first 21 h after injection.
The faeces contained 6.6 pg/g and the urine 1.6 pg/g. (The urine content may have been
leached out of the faeces). These tiny concentrations cannot explain the low recoveries.

(d) Whole mice

Losses may well arise in the piece-meal determination of a compound from many organs,
so attempts were made to extract CI3-Dieldrin from whole mice as already described.
From 4 mice killed 10 min after injection, recoveries of 90.0, 93.9, 94.4 and 95.9%, were
obtained, and from one mouse killed 24 h after injection 92.4%,. These recoveries are a
marked improvement on those recorded in Table 1. They suggest that the Soxhlet extraction
method is not really satisfactory. The recoveries were still not complete. When Cl136-Dieldrin
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Tapir I

CRE-DIELDRIN IN MOUSE TISSUES AT VARIOUS TIMES AFTER INJECTION OF
12 mpfkg INTRAYVENOUSLY

Time aRer injection (nin.) - 7]
§ | 80 | 1440
Organs i No. of mice T -
2 | 3 [ 3
pefe of tissue

brain 16, 14 4.0—7.4 about 2
liver 35,43 16—22 6—I10
lungs 35,19 7—11 0— 6
kidneys 12, 18 7— 9 3— 7
heart 24, 27 6—l11 0
stomach & dvodenum 6, 5 3— 6 1— 6
small intestine 8 8 510 5— 8
large intestine & colon 3 3 4— 7 2— 4
muscle 11, 9 4— 5 3i— 6
fat — 25%* —
skin 2, 2 4— 9 18—19
carcass 84,96 8—14 10—12
% recovery of Cl36 82, 89 57—82 61—73

* 1 mouse only.
Quantities are given in pgfg and the extreme ranges are given.

and carrier were added to a homogenate of mouse in water, and the homogenate worked
up in the usual way, recoveries of 100.7 and 102.0% were obtained, i.e. quantitative within
counting errors. The slightly low recoveries could not, therefore, be attributed either to
tmpurities in the CI 36.Dieldrin, or to interference from natural products. Either C136-Dieldrin
temained bound to solid maiter, or a few per cent was metabolized rapidly.

METABOLITES

The Cl36-Dieldrin was first shown to be at least 98 % pure by an isotope dilution technique.
Thus when Cl1¥-Dveldrin was recrystallized with carrier from ethanol the specific activity
was 100,59 of the theoretical value. The mother liquors were then evaporated to dryness,
and the specific activity of the residue determined to be 1029 of the theoretical value. Both
results were 100%; within the standard errors of the counts, and there was no significant
difference between the specific activity of the Dieldrin purificd by crystallization and the
residue in the mother liquors after crystallization. Cl136-Dieldrin was also chromatographed
by the method of MCKINLEY er af. [6). One major peak, Ry = 0.36, contained 98%; of the
total C136, Traces of faster and slower moving compounds were found.

Metabolites were looked for in the livers, brains, fat and faeces (all pooled) from 4 mice
21 h after an intravenous injection of 10 mg/kg. The complex extraction procedure shown in
Fig. 2 was used. The tissues were extracted in turn with decreasingly polar solvents so that
Cl3¢-compounds of any polarity from that of chloride ion (oil-insoluble, water soluble) to
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ORGAN-HOMOGENIZE WITH EYOH/H0.70/30.v/v
SOLUTION I CENTRIFUGE SOLID

1
HOMOGENZE WITH CHCI; AND 30mg
CARRIER DIELDRIN, CENTRIFUGE

1 CHCYy SOLLITION |
EVAPORATE TO REMOVE SOLD, HOMDGENZE WITH
EtOH, MAKE SLIGHTLY CHCI, CENTRIFUGE

ALKALINE
EVAPORATE TO DRYNESS,
DISSOLYVE IN n-HEXANE
SHAKE IOSE—-L"'E" ] PROTEIN
r DRY AND COUNT
AGLEGAIS LAYER 0-HEXANE LAYER
SOLD SEPARATES
CONCENTRATE AND DRY AND COUNT
COUNT METABOLITES CONCENTRATE AND COUNT
MAINCY DIELDRIN
Fig. 2

Extraction procedure to distinguish metabolites from Dieldrin

Dieldrin itself (oil-soluble, water insoluble) were likely to be extracted. The solvents were
then evaporated, and the residues dissolved in #-hexane and 0.1 N NaOH, which were shaken
together, separated, and counted. Dieldrin cannot be extracted from s-hexane in measurable
quantities by 0.1 N NaOH, whereas chloride ion and some other possible metabolites can be.
C136. in the caustic fraction therefore shows the presence of metabolites. Some metabolites
may not be extracted from n-hexane by aqueous NaOH. The results therefore give the
minimum degree of metabolism. The residue of the tissue after extraction {mainly protein)
was also counted. These counts may represent either Dieldrin or metabolites. The results are
shown in Table II. There is evidence that some metabolites are produced. The counts were
low, and one cannot extrapolate from the few tissues etc. studied to the whole animal. There
is also a possibility that the ‘metabolite’ counts are misleading, for reasons given in the
discussion. No quantitative estimate can therefore be made of the fraction of Dieldrin
metabolized.

TapE IT
CI3-METABOLITES (7} IN MICE 21 h AFTER INJECTION

Organ etc. r-hexane {Dheldrin) water {metabelites) protein {7
brain 1.0 0.2 0.0 |
liver 50 0.8 0.23
fat 16.3 0.8 Q.5
faeces 6.6 2.7 0

The standard -ervors on the counts were equivalent to about 0.2 pg/fg.
The concentrations are expressed as pg of Cl36-Dieldrin/g in all cases. Three fractions — m-hexane
(Dieldrin); water (metabolites}: and protein {7 are distinguished.

As only 93% of the Dieldrin injected was recovered from whole mice 10 min after
injection, it was possible that some was rapidly metabolized to volatile products such as
methyl chloride, and that these were excreted in the expired afr. To investigate this possibility
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two mice were injected, and placed immediately in a small cylindrical chamber through
which air was aspirated at about 150 ml/min. The air stream was stripped of CO., water
and metabolites in a complex trap immersed in liquid Q7. Low concentrations of compounds
are not readily condensed from air, but it was hoped that the CO; and water would act as
carriers. Collection was continued for 20 min. The contents of the trap were then dissolved
in acetone at —80°, and the solution warmed to room temperature and counted. Less than
0.05% of the CI36 given as CI36-Dieldrin was found in the acetone. Thus very little, if any,
volatile metabolites were formed.

IV. Discaossion

From these preliminary results some tentative conclusions can be drawn.

Shortly after injection the blood concentration falls rapidly. A high concentration is found
in the liver, and a rather lower one in the brain. The concentration initially in the blood is
probably much above saturation, so that Dieldrin may well be precipitated in the blood.
The initial high concentrations in some organs rich in fine capillaries may therefore be due
to nothing more than removal of solid Dicldrin from the blood stream by a filtration process.
Later, the Dieldrin is transported from these tissues to more fatty ones: fat itself, skin (sub-
cutancous fat was included in skin samples), and large intestine. The only surprising feature
is the transfer of Dieldrin from the brain, which is rich in lipids. This suggests that much of
the Dieldrin in brain is initially deposited as solid in capillaries, and does not enter the
brain cells. Very little Dieldrin is excreted.

Recoveries of Dieldrin were incomplete. Later work carried out by Dr. Vandekar in our
laboratories on rats suggests that this was because Dieldrin is difficult to extract from animal
tissues, and not because it had been decomposed. Some evidence for metabolism was
obtained. It is possible that some CI36-Dieldrin was adsorbed on colloids in the aqueous
layer, and so was recorded as ‘metabolites’, but it is probably that a few per cent of an
intravenous dose were metabolized in the first day after injection. Dr. Vandekar, has shown
conclusively that a metabolite of Dieldrin is excreted in the bile of treated rats. This
metabolite is insoluble in n-hexane but soluble in ethanol and water, No volatile meta-
bolites were expired in the first 20 min after injection.

The effects of successive doses on mice suggests that the gross conczntration of Dieldrin
in the brain is not directly related to toxic effects. Second injections were performed about
80 min after first injections when, from Fig. 1, it appears that the concentration of Dieldrin
in the brain was at about half its maximum value. The mice were at least as resistant to the
second as to the first dose, although the concentration after the second dose was presumably
higher than after the first. This may imply that resistance to Dieldrin is developed rapidly.
1 think it more likely that much of the Dieldrin found in the brain shortly after injection is
not in the brain cells, but is present as solid. This hypothesis would explain why symptoms
mount in intensity after a single dose while the brain concentration is decreasing—Dieldrin
may still be diffusing continuously into the cells during this period—and would also explain
why symptoms are very much more prolonged after a second injection.
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DISCUSSION

I. E. Casipa (United States of America): Do your results bear any relation to those of
Hosein who reported that certain betaine esters accumulated in rodent brain during the
Dieldrin syndrome?

D, F. Heata: It is plain that the action of Dieldrin is on the central nervous
system but, as I mentioned, it is possible that the action is not on the brain but is at
the spinal fevel, or that only certain parts of the brain are affected directly. Until very much
more i5 known one cannot say how the betaine ester accumulation is related to Dieldrin
poisoning. For example, a convulsion started at one level of the CNS may then affect
reflexly other levels, and these secondary effects may cause the accumulation of betaine
esters. This suggestion—which may well be incorrect—is made only to show that the
relationship may be highly complex.

F. P. W, WINTERINGHAM (United Kingdom): The most recent news I have —indirectely—
from Hosein is that he is unable to confirm his original suggestion about gamma-betaine,
one reason for this being that he was not dealing with the betaine derivative he thought.
May I now ask a question of my own? Did Dr. Heath investigate the possibility of isotope
exchange between organic C136 and tissue chlorides? He did mention, I believe, the possi-
bility of methyl chloride being a metabolite. 1 would suggest that if that were formed it is
very likely that the Cl3¢ as methyl chloride would indeed exchange with tissue chlorides.
Many years ago my colleagues and T studied the metabolism of methyl bromide labelled
with Bré2, and under certain conditions the speed with which the organic Br82 exchanged
with tissue bromides was quite spectacnlar.

D. F. HEatH: No, I did not investigate that possibility. Chlorine in Dieldrin itself probably
exchanges only very slowly. I agree with Dr. Winteringham that if methyl chloride was
formed, some activity would be lost by exchange. Volatile chlorides were only collected
for the first 20 min and perhaps there would not be much exchange in this time, Even if
exchange was complete, plainly very little CH3Cl13¢ was formed as the total decomposition
of Dieldrin was so low—certainly under 897 in 24 h.

J. E. Casipa: There have been reports, although I doubt whether any of them have been
published, that Dieldrin administered to animals is recovered in part as Aldrin or an Aldrin-
like. material. Do you feel that by adding cold carrier Dieldrin, and then recrystallizing to
constant meliing point, you obtained the same results as if you had recrystallized to constant
specific activity ? If a trace of “Aldrin-like™ material had been present, would your procedure
have differentiated it from Dieldrin?

D. F. HeatH: In one case I did recrystallize to constant activity with no change in the
result. A few pg of Aldrin-like material might, however, recrystallize indefinitely with 1g
of carrier Dieldrin; this was not investigated. Your suggestion does not, of course, explain
the low recoveries by other methods; both Aldrin and Dieldrin would be recovered, and
recorded as Aldrin,
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Abstract — Résumé — Amnoranas — Resumen

Metabolism of radio-labelled systemic insecticides in animals. A summary is presented of research
work on the metabolism of radio-fabelled systemic insecticides in animals, with details on experimen-
tal procedures and important results, Analyses of samples of blood, urine, facces, meat and milk are
made by various methods in order to trace the fate of an insecticide or its associate residues in an
animal. Results are cited for numerous insecticides. Studies are algso included in which radioisotopes
are used to aid research on the mode of action of insecticides and repellents, metabolism of insect
repellents, and insecticide resistance problemns,

Métabolisme des insecticides systémiques marqués chez les animaunx. L’auteur donne un apergu de
recherches faites sur le métabolisme des insecticides systémiques marqués chez les animaux et fournit
des précisions sur les techniques adoptées pour les expériences. On a analysé des échantillons de
sang, d'urine, de féces, de viande et de lait par diverses méthodes pour suivre I'insecticide ou ses
résidus dans ["organisme de I"animal. L'auteur indique les résultats obtenus pour un grand nombre
d'insecticides. 11 fait également mention de travaux dans lesquels on a eu recours aux radioisotopes
pour étudier le mode d’action des insecticides et des insectifuges, le métabolisme des insectifuges et
les problémes relatifs 4 la résistance aux insecticides.

MeTaboHIM MEYeHHBIX DAIROH3OTORAMRE 00D MHCOKTHIENOE B AKHMBOTHLIX. B hoxhane jasrca
KparTkoe OMNCAHHE HMCCICIOBATENBCKOH paloTHl No MeTalomM3My MEMEeHHBIX DPAZHOM30TONAMUA
OOIAX HHCEKTHUMAOE B XHBOTHHIX, & TAKKE NOAPOOHO MTATAIOTCA IKCIOCPHMEHTANLHLIE METOIM
H BaMHBE PE3YNBTATEL. [IpH MoMOLM PAIINSHBIX METOHNOE TPOBOASTCA AHANK3E 00pasHoB KPOBH,
MOTH, IKCKPEMEHTOR, MACA U MOJIOKZ ¢ TeM, YTODEL IPOCIENHTE 338 HHCEKTHIHAOM WIH CBAZA HHBIMIT
C HiM OCTAaTKAMH., B Joxnage DatoTca pe3yIBTATE AN MHEOTMX HHCEXTHITHAOB, B A0Knan B I09eRsL
TAKKe paloTe, B KOTODBIX PaZMOHRZOTOIN HCHOMB30BANMCH Ans ODNErveHus HMCCREJAoBAHMi O
caoco0y AeficTBHA HHCSKTHUMNOR H CPEACTE, OTIYTHBAICIHX HACEKOMBIX, 0 METABOMNIMY CPEACTE,
OTIYTHBAKONIMX HACCKOMBIX H IO TPODJAeMaM CONPOTHBIEHHS MHCEKTHIINAM.

Metabolismo de Ios insecticidas sistémicos marcados con sustancias radiactivas, en los animales. Esta
memoria contiene una resefia de las investigaciones realizadas en Ios animales acerca del metabolismo
de los insecticidas sistémicos marcados con sustancias radiactivas; se completa con detalles sobre los
procedimientos experimentales aplicados ¥ con los resultados mas importantes. Recurriendo a
diversos métodos, se analizaron muestras de sangre, orina, heces, carne y leche, a fin de estudiar el
comportariento de un insecticida o de sus residuos en el organismo animal. Se exponen los resul~
tados obtenidos con numerosos insecticidas. Se Incluyen también referencias a estudios en que se
usaron radioisdtopos para facilitar las investigaciones sobre el modo de accién de insecticidas y los
insectifugos, el metabolismo de estos ditimos, ¥ los problemas de resistencia a los insecticidas.

The use of radio-labelled systemic insecticides in animals has made possible the solution
of many otherwise unresolvable problems. We are able to determine with a very high degree
of accuracy the residues of the insecticides found in meat or milk, Residues as low as a few
parts per thousand million have been determined. It is also necessary to know what happensto
the insecticide so that a better judgment can be made as to the true residue. In some instances
the insecticide is converted to more toxic materials, and these should be considered part of
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the residue. Also, non-toxic compounds are produced which should not be considered as
part of the insecticide residue.

Although the first chemicals found to be active systemically in animals were chlorinated
hydrocarbons, we have not been able to recommend their use because of associated high
residues. Emphasis, therefore, has shifted to the organophosphorus insecticides with which
the residues have generally been much lower.

In the Entomology Research Division’s studies with radiolabelled organophosphorus
insecticides, the principal isotope used has been phosphorus-32, but some work has been
done with carbon-14. Other workers have also used sulphur-35. The isotope is always in-
corporated as part of the molecular structure of the insecticide. Animals are most often
treated with the labelled insecticide prepared either as a capsule or bolus, or as a spray.
Occasionally the insecticide is injected into the muscle tissue of the animal.

Information as to what happens to the insecticide or the associated residues is obtained
from studies on samples of blood, urine, faeces, hair, meat, and milk.

Samples of blood are taken to determine the total amount of radioactive material present
when the peak concentration occurs, and whether the radiation is from the parent insecticide
or from oxidation or degradation products. The products can be bioassayed to determine
their toxicity to various insects. The peak concentration of radioactive material in the blood
differs with the compound used and the mode of treatment. With Dimethoate ((,O-dimethyl
S-[N-methylcarbamoylmethyl] phosphorodithioate), given orally to cattle, the peak builds
up in 2to 6 h [6] [9], whereas with Ronnel {0,0-dimethyl O-[2,4,5-trichlorophenyl} phosphoro-
thioate) or Co-Ral (O-[3-chloro-4-methyl-umbelliferone] 0,0-diethyl phosphorothicate) it
takes 8 to 12 h [71 [8] [11] [13). A peak concentration from dermal treatment builds up more
slowly than that from oral treatment. For example, when Co-Ral is applied dermally, the
peak may be as late as 120 h after treatment [10]. With intramuscular treatments the peak
arises faster in the blood stream than with oral ireatments, The peak with Dimethoate applied
intramuscularly may take less than 1 h.

Not all the radioactive material in the blood stream is the parent insecticide. The blood
can be extracted with a solvent such as chloroform, and a nearly guantitative removal of the
insecticide and its closely related compounds resufts. When this procedure was carried out
with Co-Ral, a maximum of only 0.035 ppm was found to be the insecticide compared to a
total of 0.27 ppm of radioactivity [14]. Another example in which higher concentrations
occur is with Dimethoate in which 4.5 ppm was either Dimethoate or its oxygen analogue,
compared to 8.4 ppm of total radioactivity [9].

The three compounds, Ronnel, Dimethoate and Co-Ral, are thiophosphates, whereas
Ruclene (4-fert-butyl-2chlorophenyl methyl methylphosphoramidate) is a phosphate. In
all the extracts of blood from thiophosphate-treated cattle, both the sulphur and the oxygen
compounds are obtained. In most instances the oxygen compound is more toxic to insects
than the thio compound. Sometimes the difference is only slight, as with Co-Ral, whereas
at other times it is considerable, as is illustrated by Dimethoate, in which the oxygen analogue
is 40 times as toxic to stable flies [15). Whereas the percentage of the parent insecticide
decreases in the blood with time, that of the oxygen analogue increases [8] [9] [14].

The major route of excretion of phosphorus insecticides is by way of the urine. As with
the blood, the peak concentration and the rate of elimination differ with the insecticide and
mode of treatment. The elimination of 74 to 86% of the radioactive matetial from cattle
treated orally with Ronnel requires 3 d, whereas about 909 of the radicactive material from
cattle treated similarly with Dimethoate is eliminated within 24 h [7] [9]. An even faster
rate is obtained with intramuscular treatment, in which 909 is eliminated within 9 h [9].
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Elimination when dermal treatments are used is very slow and, as expecied, the total
elimination is much smaller. Even after 1 week with Co-Ral dermally applied to a confined
steer, only 39 of the dosage was recovered in the urine [9]. In an unconfined steer as much
as 6%, was found in the urine, an indication that approximately half the dosage was taken
in orally from licking [14]. As examples of the difference in peak-concentration times for
urine, we may cite Dimethoate with its peak at 3 to 6 h from oral treatment, and Ronnel
with its peak at 18 to 32 h [9] [11].

Our knowledge of the metabolism of the insecticides comes principally from the chromato-
graphy of urine extracts. With Dimethoate and Ruelene, as many as 11 different radicactive
compounds have been found [4] [5]. Many of these have been identified. By the use of a
compound such as Dimethoate we are now able to put together a fairly complete metabolism
picture. The principal product of the Dimethoate breakdown is the carboxy derivative which,
in turn, is converted to the dithiophosphate, thence to the thiophosphate, and finally to the
dimethy! phosphate. Also, we have evidence that some simple phosphoric acid may be
produced. With Ruelene we suspect that the amount of phosphoric acid produced is con-
siderable, because even with oral treatment of cattle only 49% of an applied dosage is
recovered [4]. Phosphoric acid from a degraded insecticide is used by the animal as a nutrient
in its normal metabolism. The parent insecticides are either not found in the urine, or their
amounts are very small [4] [5] {9] [14].

Faecal elimination of the insecticide or its products usually accounts for very small
quantities of radioactive material, With Ronnel and Dimethoate given orally, 2 to 7% is
found in the faeces [6] [7] [9] [11] 13], whereas with Co-Ral given similarly the amount
equals that (34 %)) found in the urine.[3]. The peak concentration in the faeces takes place
after that in the urine. For example, the peak concentration, of orally administered
Dimethoate in the faeces occurs in 6 to 30 h [9].

Residue determinations have been made for several of the systemic insecticides in animals,
from a few hours to a month after treatment. In addition, the amounts of the insecticides
appearing in milk have been determined. The largest residues have been obtained after
Ronnel treatment, in which as much as 7 ppm was found in fat 2 weeks after treatment [13].
However, the residues in muscle were small, less than 0.05 ppm Co-Ral, Dimethoate, and
Ruelene residues of 0.1 ppm were found in the subcutaneous fat of cattle 2 weeks after
treatment [9] [12] [14]. Extrapolation of data showed that none of the residues persisted as
long as 60 d.

The amount of the residue was always small when compared to the total radioactivity
found in the tissue. For example, the residue for Ronnel was 0.05 ppm in liver, but the total
radioactivity ranged from 9 to 12 ppm. Residues in milk are carefully observed in the United
States; regulations forbid them. No systemic insecticide has passed the non-residue test.
Residues in milk have ranged from 32 ppm for Ronnel at § h after treatment to a low of
0.1 ppm for Co-Ral [10] [11].

Further use of radioactive tracers

Radioactive tracers have been widely nsed in studies relating to insect control or insect
repellents. it would be impossible to cover all that work within the text of this paper.
However, some interesting results obtained at the Orlando laboratory are included since
two of the authors have been directly involved.

Studies have been initiated on the toxicological action of insecticides on mosquito larvae.
Prior to the use of radiolabelled insecticides, the chemical in a mosquito larva was too
small to measure by chemical analyses. Radiolabelled insecticides have permitted precise
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studies on the uptake of insecticide by mosquito larvae which can be related to mortality.
Since the inception of this programme, toxicological studies of the action of DIDT, Parathion,
Co-Ral, Dimethoate, and Bayer 22408 (O,0-diethyl O-naphthalimide phosphorothioate) have
been conducted with three species of mosquito latvae, Anopheles quadrimaculatus (Say),
Aedes aegypii (L), and Aedes taeniorhynchus (Weid.) [17] [191 [20].

Research is directed to showing the intercelationship between concentration of toxicant
in test containers, dosages absorbed by the larvae, mortalities produced, and the length of
exposare. One very interesting point has been demonstrated in these studies, and is illustrated
below by a comparison of LCsp and LDsp values obtained in tests with fourth-instar
guadrimaculatus larvae.

TanE I

COMPARISON OF LCso AND LDse VALUES OBTAINED IN TESTS WITH FOURTH-
INSTAR LARVAE

Insecticide I:p:fr‘: }l.glﬂ:a)\;ta f oﬁ%&ﬁ%ﬂ&e
Dimethoate 26 0.004 0.02
Co-Ral 04 004 1.0
Bayer 22408 009 002 22
Parathion 006 ' 0004 07
DDT 006 006 10.0

There is no actual correlation between the concentration required to kill and the dosage
found in larvae. In fact, Dimethoate required almost 450 times the concentration to kill 509,
of the larvae as did DDT and yet the dosage of Dimethoate found in larvae at the 509,
level was only two-thirds that of DDT. Dimethoate is slightly more toxic-to larvae than
DDT, but some unknown factor is limiting the uptake of this chemical. This is illustrated
above by the percentage of Dimethoate found in larvae.

Another interesting discovery pertaining to mosquito larval tests in the laboratory was
made possible by the availability of Cl4-labelled DDT. BowMaN et al. [2] showed that DDT
codistilled with water vapour from aqueous suspensions in which mosquito larvae were
exposed. At low concentrations (of the order of 0.010 ppm) the loss of DDT from test jars
was 50 to 60% in 24 h and 95% in 72 h, Furthermore, they showed that DDT was hetero-
geneously dispersed at these low concentrations. It has been shown [18] [21] that these two
factors influenced the mortality of quadrimaculatus larvae and accounted for variations in
larval mortality under different test conditions.

An important part of the research programme at Orlando, Florida, is the development of
insect repellents. Research includes many phases of activities, such as screening new com-
pounds, field testing of possible new repellents, and fundamental studies concerned with
factors affecting repellency. All these studies involve several species of insects. The use
of radioactive tracers has increased our ability to study the behaviour of insects in relation
to the action of repellents. Bar-Zgev and Scumipt [1] used P32-labeiled phosphoric acid
as a tracer to study the behaviour of Aedes aegypri (L.) when repelied by diethyltoluamide.
They concluded that most of the repellency was owing to vapour action, but that at a low
concentration contact chemoreceptors on the labella may have been involved. SCHMIDT ef al.
[16] did a very interesting study on the fate of C-labelled dicthyltoluamide when applied
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to guinea-pigs. When 6.97 to 7.11 mgfin? was applied to the skin, 0.96 to 0.98 mg/in2 was
lost by evaporation and 1.32 to 3.40 mg/in2 was absorbed in 6 h, at which time the remaining
repellent was removed. The radioactivity in the urine reached a peak within 12 h of appli-
cation. Over 807 of the absorbed dosage was excreted in the urine within 24 h and 93%;
within § d. During the 8 d, 0.75%, of the absorbed dosage was excreted in the faeces, Very
small amounts of radioactivity were found in the blood, skin, and hair.

From these examples it is clear that radioactive tracers will continue to play an increasingly
important role in many different fields of insecticide research, and the development of
mmsect repellents.
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DISCUSSION

M. S, Quraitsai (Pakistan): May I ask Dr. Weidhaas whether the portal of entry of
Dimethoate and DDT in mosquito larvae was ascertained ? Was it entirely oral or was there
surface entry through the body wall as well? Since DDT is one of the most inscoluble organic
compounds known, is it possible that small particles of DDT admitted with water are
retained inside the alimentary canal, thus indicating higher absorption?
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. E. WEIDHAAS: The site of entry is still in doubt, although it is probable that entry occurs
both orally and through the body wall. The point that the oral dose accounts for the high
absorption is an interesting one. However, this would be part of the toxicological action,

P. J. Deonras (India): It seems to me that, when used on Anropheles, DDT is as good in
powder form as in suspension, since the powder particles can be taken up equally readily.
1 should therefore like to know whether you used powder formulations of DDT as well
as suspensions, and what differences were observed between suspension and powder.

D. E. WEIDHAAS: We have not used powder on the surface which, I presume, is what you
are referring to. In all our studies DDT was dissolved in acetone and added by pipette to
water, thus involving the use of DDT in what should, I think, be termed an agueous acetone
suspension,

J. Treuesne (United Kingdom): It would be interesting to know whether you were able
to demonstrate any accumulation of insecticide within the skin. I am asking this question
because I discovered, some five years ago, that there was a diffusion barrier to water-soluble
substances situated beneath the stratum corneum in mammalian skin, which also acted as
a reservoir of diffusable molecules. Tt always seemed to me that this might be particularly
important in studies of this kind. Such a diffusion barrier would act as a reservoir and
allow a very slow efflux of insecticide from the skin.

D. E. Weipuaas: Yes, that is a very interesting point, but I'm afraid we have done no
studies in this connection.

W. KLOFT (Federal Republic of Germany): 1 should be interested in hearing something
about your measuring techniques for mosquito larvae. Did you extract the absorbed amounts
of labelled insecticide, measure the larvae in total, or incinerate them?

D. E. WEIpHAAS: I should stress again that at the moment we are interested in gross
differences in uptake, and so did not need to be too precise in our method of determining the
amount in larvae. Our method is as follows: we remove fourth-instar larvae from exposure,
wash them three times in an appropriate solvent, homogenize them in acetone, plate the
ground homogenate on a steel planchet, dry it, and count with a proportional counter. We
use this two-way standard with a known amount.

M. S. QuRaIsHI: As my colleague Dr. Banks peints out, why could we not dissolve the
larvae in dilute acid and count them in a liquid counter? Or is there some difficulty in the
way of this?

D. E. WEIDHAAS: We have not tried it, but I should say it is possible. There is one difficulty,
though: if [ recall the figures correctly, the quantity we are dealing with is something like
five thousandths of & microgram per larva, and aithough we generaily work with groups of
25 larvae, 1 wonder whether one could operate in the liquid phase with so little material?

F. P. W. WINTERINGHAM (United Kingdom): I should like to comment on the last question,
because [ think it is of fundamental importance to all this work, There is one very important
reason why a liquid B-counter—I take it that this is what you had in mind—could not be
used for assaying Cl4-labelled DDT in suspension, and that is that the maximum energy
of the Cl4-beta particle is insufficiently high to penetrate the glass walls of the conventional
GM liguid tube. Thus, it is improbable that Cl4-labelled DDT could be detected. P32.1abelled
organophosphorus compounds could, however, be assayed in this way because of the high
energy of the P32-beta particle.

D. E. WeIDHAAS: Yes, that is a very good point. Actually, four of our materials were
P32-Jabelled and one was Cl4-labelled.
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Abstract — Résumé — Ammorauns — Resumen

Radigisotope technigues and recent research on metabolism of insecticides in insects. Insecticide
metabolism, which represents only a part of the complex interaction between insect and chernical,
reflects the defensive mechanisms of the organism and sometimes yields chies as to the mode of
intoxication. An understanding of these processes can aid in the search for more specific control
agents and for solutions to the enormous problem of insect resistance to insecticides. Radiotracer
techniques combined with micromethods of chemical separation; such as paper chromatography, are
ideally suited for elucidating the fate of insecticides applied to insects. This contribution will
briefly review techniques useful for investigations of radio-labelled insecticides and insects, and their
application to the study of insect mechanisms of resistance. DPata are presente<] on the guantitative
fate and metabolism of P32|abelled Dipterex, O,0-dimethy! I-hydroxy-2,2,2-trichloroethyl phospho-
nate, in normal and Dipterex-resistant houseflies. The resistant fly strain was able to detoxify the
insecticide and excrete the water-soluble metabolites at a more rapid rate than the normal flies.
Metabolites were identified by paper chromatography, and no qualitative differences were found
between strains.

Recherches noavelles sur le métabolisme des insecticides chez les insectes, au moyen des radio-
indicatenrs, 1e¢ métabolisme des insecticides, qui ne constitue qu'une partie des interactions com-
plexes eatre insectes et produits chimiques, s’explique par les mécanismes de défense de Porganisme
ct donne parfois des indications sur le mode d’intoxication. 5i 'on comprend ces processus, on pourra
plus facilement trouver de meilleurs agents destructeurs et résoudre I'immense probléme de la
résistance des insectes aux insecticides. L’emploi des radioindicatevrs, combiné avec des méthodes
microanalytiques de séparation chimique telles que la chromatographie sur papier, est un moyen
idéal pour suivre les insecticides dans 'organisme des insectes. Le mémoire donne un bref apergu
des techniques qui peuvent &tre utiles dans les recherches sur les interactions entre insectes et insec-
ticides marqués, et de leurs applications A I"étude des mécanismes de résistance chez les insectes.
L auteur fournit des données quantitatives sur le cycle du métabolisme du Dipterex (phosphonate
d'Q,0-diméthyl-hydroxy-1-trichloro-2,2 2-éthyle) marqué au phosphore-32 chez la mouche commune
normale et la mouche commune résistante au Dipterex. La mouche résistante rend I'insecticide non
toxique et excréte les métabolites sotubles dans 1'eau, & un rythme plus rapide que la mouche normale.
L’auteur a identifi¢ les métabolites par chromatographie sur papier; a cet égard, il n’a trouvé aucune
différence qualitative entre les deux espéces de mouches.

PAJHOHIOTMIHLIE METOAR H FOCASSHERE HCCIETJOBAHHA B ODTACTR MeTAGOIMIMA MHCEKTHIHAOR B
HACEKOMBLIX. HCekTHUHAAKR MeTaboNny3M, KOTOPHIL ARTASTCA THIIE YACTBIO CHOKHOHA Npobiembl
BIANMOACHCTEHR MEXKIY HACCKOMBIM H XUMMKAHeM, OTPaXaeT 34IATHHIE MEXaHW3IM OPIaHuIMa
WM WHOTHAA ZAaeT KJIOY K NIOHAMAHWIC OSHCTBHA OTPaBicHRA. TTOHHMAHMEG 3THX NPOUECCOB MOMET
OMOYE B ITORCKAX Oonee KOHKPETHLIX KOHTPOABHEIX ATeHTOE ¥ DACTBOPOB JUIA PCILSHHS KpyTHoit
IPQONEME! COMPOTHENASMOCTH HACCKOMBIX BO3REIICTRHICQ ¥HOERTHIMIOE. MeToas pagnoakTHEHOTO
MEYEHBA B KOMOHHAUMH C MHKDOMETOZAMK XMMWISCKOTO Pa3fcNeHMd, TAKHMM xax OyMakHas
XpOMATOTPapna, HMOSANBHO IPHTONHBI ANRA BHIACHEHAS CYAROBI HHCEKTMIMROB, IIPHMEHREMEIX
K HACeKOMBIM.

B 3TOoM moknane OyAyT KPATKO PACCMOTPEHB METOINBL, MOJIC3HBIE AN MCCNSAOBAHHA MEMEHHMX
PAAHOAKTHEHEIMH H3QTOOAMH HHCEETHIMIOE M HACEKOMBLIX, H HX IpHMEHCHUS OJIA HCCICOOBAHHA
MEXAHM3MA CONPOTWBIAEMOCTA Hacekomoro, JIDHBOOATCA AdHHBIE O KOIHMECTEEHHOH cyOLOe
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1 MerabomusiMe medenHoro gocthopom-32 munmreperca, O,0-pumernit 1-okdcH-2,2 2-TpACTOPITUR
fhooara ¥ 0OBFHOHA ¥ YCTOHYHBOM NPOTHE NANTEperca KomuaTHOR Myxu. LHramm crofikoll Myxu
CcMOT ODE3BpEAMTh MECEKTHIINA M BHUACIMTH PACTBODUMEIS B BOSe MeTabomuTHL Oonee OCTpO,
qeM HODMAMLHBIE MyXH. MeTaGoMUTEl ONO3HABAMHCH ¢ MOMOIIBI0 GyMaxkHol XpoMaTorpadusd.
M He ObUI0 OOHAPYHEHO HHKAKUX KOIRYECTBGHHBIX DATTIMUME MEWAY IITAMMAMIL

Recientes investigaciones radioisotdpicas sobre el metabolismo de los insecticidas en los insectos. El
metabolismo de los insecticidas, que solo constituye un aspecto de las complejas interacciones entre
las sustancias quimicas ¥ el insecto, refleia los mecanismos de defensa del organismo y a veces pro-
porciona indicios sobre el proceso de intoxicacion. El conocimiento de estos procesos puede facilitar
el descubrimiento de agentes insecticidas mas especificos ¥ la solucién del enorme problema que
plantea la resistencia de los insectos 2 dichos agentes. La utilizacién de los indicadores radiactivos,
combinada con los métodos de separaciom quimica en microescala, tales como la cromatografia
sobre papel, es un medio ideal para dilucidar el comportamiento de los insecticidas en los insectos.

En la memoria se examinan brevemente los procedintientos adecuados para estudiar los insectici-
das e insectos marcados con sustancias radiactivas, y su aplicacion al examen de fos mecanismos de
resistencia en 1os insectos. Se exponen datos cuantitativos refercntes al comportamiento y metabolis-
mo del Dipterex (fosfonato de @,0-dimetil-1-hidroxi-2,2,2-tricloroetilo) marcado con 2P, tanto en
moscas comunes nommales como en las resistentes a esa sustancia. Bstas dltimas son capaces de
eliminar la toxicidad del insecticida y de excretar los metabolitos hidroselubles a un ritmo mas
rapido que las moscas normales. Los metabolitos se identificaron por cromatografia sobre papel ¥y
ne se observaron diferencias cualitativas entre ambas cepas de moscas.

L. Introduction

Radioisotope tracer techniques have played an important role in elucidating interactions
between living organisms and organic pesticides. Like other research tools, they cannot
singly solve a complex problem but they do play a unique role when co-ordinated with other
methods such as chromatography, biological and enzymatic assay, spectroscopy, and
chemical analysis.

The worker investigating the fate of an insecticide applied to an insect needs an analytical
method of a sensitivity beyond most conventional chemical techniques. First, the quantity
of insecticide that can be applied may be only a fraction of a microgram for a housefly to
several micrograms for larger insects, depending on the toxicity of the compound to the
particular species and the degree of biological response necessary for theexperiment. Secondly,
dilution occurs as the chemical is absorbed, translocated and excreted by the erganism, and
its structuré altered by metabolic processes.

Radioactive tracers are well suited for this work because they can be guantitatively
assayed with an accuracy and sensitivity unrivaled by most other methods. Paper chromato-
graphic methods of fractionation combined with radiometric analysis provide a means of
characterizing the labelled metabolites, deducing metabolic routes, and determining the
magnitode of the metabolic changes involved.

This paper briefly discusses certain radioactive tracer techniques and their application
to the study of insecticide metabolism by normal and resistant insects. Several recent reviews
of insect metabolism of insecticides are available [1—3] and no extensive discussion of this
topic is, therefore, attempted. Procedures of radiotracing and their application to biological
research may be found in several references [4—6].

II. Radio-labelled Compounds

The initial problem in a metabolism study is the synthesis of the radio-labelled insecticide.
Basic considerations must be the isotope and its position in the molecule, a convenient
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synthetic route, specific activity, and radiochemical purity, The isotopes phosphorus-32,
carbon-14, and sulphur-35 are most widely used to label insecticides. Chlorine-36 and
tritiom (H3) may also be suitable. The synthesis of a number of radiolabelled insecticides
has been reported and reviewed [7], and a partial list is found in Table I.

TapLe T

REFERENCES FOR THE SYNTHESIS OF SOME RADIQO-LABELLED ORGANIC INSECTI-
CIDES AND RELATED COMPOUNDS

Common niume Chemical name and isotope Reference
Chlorinated
Hydrocarbon
Endrin 1, 2, 3, 4, 10, 10-hexachloro-6, 7-epoxy-1, 4, 4a, 5, 6, 7, 8, 81
Sa-octahydro-1,4-endo, endo-5,8-dimethanonaphthalene-6,7-C14
DDT 2, 2-bis-(p-chtorophenyl)-1, 1, l-trichloro-2-Cl4-ethane [9] [10]
2, 2-bis-( p-chiorophenyl-4, 4--Cl4)-1, 1, 1-tricholoroethane [11]
Thiodan 6, 7. & 9, 10, 10-hexachloro-1, 5, 5a, 6, 9, 9a-hexahydro-6, [12)
9-methano-2, 4, 3-benzodioxathiepin-3-oxide-5a, 93.-Cl§
Organophosphorus
Co-Ral ,0-diethyl O-3-chloro-4-methylumbelliferone-P32- [13]
phosphorothicate
Demeton 0, O-diethyl S(and 0)-2-(ethylthio)ethyl-P32-phosphorothioate [14]
DpoDVve 0, O-dimethyl 2, 2-dichlorovinyl-P32-phosphate [15][16]
Diazinon 0, O-diethyl  O-(2-isopropyl-6-methyl4-pyrimidinyl)-P32. [17]
phosphorothicate
Dimethoate 0, O-dimethy! S-{N-methylcarbamoylmethyl)-P32- (18]
phosphorodithioate
Dipterex 0, O-dimethyl 1-hydroxy-2, 2,2-trichloroethyl-P32-phosphonate | [15] [16]
Malathion @,0-dimethyl S-<(1, 2-dicarbethoxyethy[)-P32-phosphorodi- [19] [20]
thioate
Parathion 0, O-diethyl O-(p-nitrophenyl)-P32-phosphoro-§35-thioate [21]
O, O-diethyl O« p-nitrophenyl) phosphoro-S35-thicate [22]
Ronnel O, O-dimethyl O-(2, 4, 5-trichiorophenyl)-P32-phosphoro- [23]
] thioate
Carbamate .
Sevin 1-naphthyl-1-Cl4-N-methyl carbamate 241
Pyrethroid
Allethrin 4, l-allelrethonyl-d, fcis, trans-2-Cl4chrysanthemate [25]
d, I-3-allyl-2-Cl4-methyl-4-0x0-2-cyclopenten-1-C14-yl [26]
chrysanthemate
Synergist
Piperonyl But- a-[2-(2-butoxyethoxy)ethoxy}-4, 5-methylenedioxy-2- [27]
oxide propylioluene-1-Cl4-methylene
Repeflent
Dreet N, N-diethyl-m-toluamide (Cl4-carboxy) [28]
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IH. Quantitative tracing

Perhaps the most rapid and direct method of assaying phosphorus-32 in biological material
is solid-sammle counting, Aliguots of tissue homogenates or fluids are transferred to sample
pans, dried, and counted. Lens paper disks attached to the pans facilitate spreading which
gives a more uniform area and thickness. Volatility of radioactive insecticides in the sample
can be decreased by adding a few milligrams of a polyethylene glycol in acetone to reduce
losses and counter contamination [29]. Self-absorption, which is a major problem with soft
B-ernitters, is of no consequence with P32, unless inusnally thick samples are prepared.

Samples for soft $-analysis must be prepared so as to avoid loss of radioactivity from
self-absorption or to allow an accurate correction 1o be made. Tissue extracts can often be
prepared as “weightless” samples if the residue remaining after evaporation of the solvent
is sufficiently small. When this is not practical, the material is usually oxidized and the
carbon-14 or sulphur-35 assayed as bariumprecipitates of uniform area and thickness [30]1[311.
Chlorine-36 in insect tissue has been analysed as mercurous chloride precipitates after wet
oxidation [32]. HenpLER [33] has described a simple technique for correcting Cl4-measure-
ments for loss of radiation due to self-absorption in samples of variable weight. A correction
factor Ffor a particular sample weight is equal to the ratio of the observed specific activity to
the specific activity at a reference weight. When correction factors are plotied against sample
weights, one obtains a straight line which can be used to find F for any sample weight for
correction to the standard condition.

Counter efficiency is an important consideration in selecting radioassay equipment for
insect studies. With increased effictency, smaller quantities of the isotope or labelled compound
can be detected, lower specific activities can be handled, or compounds labelled with short
half-life isotopes, such as P32, have a longer period of effective use. Gas-flow counters, window-
less or with mylar-plastic windows, have been found suitable for most biological work.
Liquid scintillation counting [34], in which the radioactive material and scintillation
phosphors are combined in solution or suspension, offers the advantages of high counting-
efficiency and relatively little self-absorption of radiation. HERBERG [35] has described
methods for Cl4- and tritium-analysis in blood and whole tissues of mammals and there
is little doubt that these techniques could be adapted for insect fractions.

IV. Identification of radio-labelled compounds

Minute quantities of the labelled insecticide or metabolites in biological fractions can be
rapidly séparated and analysed by paper chromatography. Non-labelled authentic standards
are added before developing the chromatogram and their positions on the paper, as indicated
by a chemical test, arc compared with the radicactive peaks of the labelled unknowns. One-
dimensional ascending chromatography is most commonly emploved in insecticide metab-
olism studies, and many techniques and solvent systems have been reported in the literature.
MrrcHELL [36] has described this method in detail in relation to separation of insecticides.
It is desirable, whenever possible, to use more than one chromatographic system to establish
the identity of a compound. A ‘normal phase’ system, in which the mobility of the organo-
soluble insecticide is greatest and the water soluble metabolites are least, is usually comple-
mented by a method which reverses the order of migration.

Extraction, clean-up, and concentration of the radioactive material usually precede paper
chromatographic analysis. Organosoluble insecticides or metabolites can be separated from
ionic metabolites by extracting tissue homogenates with organic solvents such as chloroform
and hexane. Lipids that interfere with chromatography must then be eliminated from the
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solvent by clean-up prodecures. Many organic insecticides can be quantitatively separated
from lipids by extraction from hexane with acetonitrile [37] or by low-temperature extraction
of tissue with acetone [38]. MENN et al. {39] have purified insect-tissue extracts by spotting
the crude material on filter paper wicks pointed at one-end. The insecticides are then eluted
from the interfering lipids by upward migration of acetonitrile. As the soluble substances
collect at the tip of the paper, they are transferred by contact to the origin of a paper strip
for chromatography. GreGORY [40] previously used this technique to transfer a compound
ftom a developed chromatogram to filter paper to rechromatograph by another system.
Continuous transfer of solvent from the paper wick to the chromatogram was possible by
regulating the spot size with a warm air stream.

Radiometric assay of the labelled compounds on the chromatogram may be accomplished
in several ways. The chromatograms can be cut into sections and each section assayed with
a counter, or the spots eluted from the paper and preparcd as samples to be counted. The
whole chromatogram may be scanned with a strip counter, rate meter, and synchronous
chart recorder. The areas under each peak, as measured with a planimeter, will give a
quantitative estimation of the radioactivity in each spot. Sensitivity can be increased by
windowless counting or 4-% geomeiry [6), and several chromatogram scanners are available
commercially. Soft B-emitters present the greatest problem, which has been approached by
immersing the paper sections of the chromatogram in a phosphor solution for assay in a
liguid scintillation counter [41].

V. Radiotracers and insect resistance to insecticides

Radiotracer techniques are ideally suited for comparing the fate of an insecticide in
susceptible and resistant insects. Uptake and absorpiion rates, distribution and storage,
qualitative and quantitative differences in metabolism, and the ultimate elimination of the
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parent compound or its metabolites from the insect are important aspects of such a study.

BRADBURY et al. [42—44], in a series of detailed papers, have demonstrated that BHC-
resistant houseflies absorb less Cl4.y-BHC vapour and convert it to water-soluble metab-
olites at a faster rate than do susceptible flies. By fractionation and isotopic dilution
methods, certain v~-BHC metabolites were isolated and tdentified.

Experiments comparing the fate of the S35-labelled sulphur analogue of Dieldrin in Dieldrin-
resistant and susceptible houseflies indicate a different mechanism of resistance [45]. There
appeared to be no evidence of gross differences in cuticular penetration, metabolism, or
excretion of S-Dieldrin in the two strains. Susceptible flies, prostrate at higher dosages,
ceased to excrete but metabolism of the absorbed Dieldrin continued for several hours.
The defensive mechanism operating in the resistant strain remained unexplained.

The fate of P32-1abelled Dipterex (0, 0-dimethyt 1-hydroxy-2,2,2-trichloroethyl phosphonate)
in normal and resistant houseflies has been compared by HOPKINS ef /. [46]. The resistant
strain was selected by topical application of Dipterex to adult females of a DDT-resistant
colony already tolerant to the phosphonate (Fig. 1). The P32-labelled Dipterex was synthesized
by Fred Acree, Jr. of the US Department of Agriculture, and had a specific activity of 1 x 104
cpm/pg. Four-day-old female houseflies were treated and held in stationary positions
throughout the post-treatment interval for quantitative collection of excreta as previously
reported [47]. At three-hour intervals following treatment, batches of 25 flies were taken
for analysis and rinsed with acetone to remove any remaining external insecticide. Homog-
enates were made of the rinsed flies for total radioactivity determinations and then extracied
with five equal volumes of chloroform to recover any internal Dipterex. Radioassay and
paperchromatosraphy techniques have been described elsewhere [29].

TarLe 11

THE FATE OF P32.LABELLED DIPTEREX APPLIED TORICALLY TO NORMAL AND
DIPTEREX-RESISTANT HOUSEFLIES

Results, the mean of two replicates of 25 flies each, expressed as percentage of totaf dose (0.3 pg/fly)

-UUTTTY O T Hours foliowing treatmesnt -
3 6 9 12
Narmal | Resistant | Mormal | Resistant | Normal | Resistant | Normal | Resistant

External rinse 210 249 12.9 10.9 1.8 10.3 8.9 9.0
Internal

Total 46.7 4¢.9 kA 263 380 | 264 37.0 18.1

CHCI; soluble 24.6 154 13.9 9.5 11.8 8.1 0.4 58

Metabolized * 47.3 62.4 64.5 63.9 68.9 69.3 719 68.0
Excreted 13.5 20.7 26.1 36.2 328 8.5 3.0 519
Absorbed
{Internal + excreted) 60.2 61.6 65.2 62.5 70.8 64.9 680 70.0
Total recovery 812 86.5 78.1 73.4 82.6 75.7 76.9 79.0

* Percentage of the total internal fraction.

The results (Table IT) indicate no difference in the rate or quantity of Dipterex absorbed
by the two strains over a 12-h period. Most of the cuticular penetration occurred in the first
three hours after treatment with about 109 of the total dose absorbed thereafter. The flies
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also contained the largest amounts of internal radicactivity at three hours, confirming rapid
penetration of the insecticide,

The resistant flies consistently had less internal radio-labelled compounds than the normal
strain, and this may be correlated with the larger excreted amounts of radioactive material.
The total amount of chloroform-soluble radioactivity, identified as Dipterex by paper
chromatography, was also less in the resistant strain. However, except for the three-hour
analysis, about the same percentage of the internal fraction had been metabolized to water-
soluble compounds in both strains. Approximately 20%; of the total applied dose was unac-
counted for at all intervals, apparently lost by evaporation from the cuticle or by regurgi-
tation. Approximately 4% of the radioactivity in the chloroform extracts of 12-h normal
flies had an Ry value corresponding to DDVP. Only trace amounts were present in the
resistant strain extract.

Paper chromatography of the radio-labelled compounds excreted by the normal and
resistant flies demonstrated no gualitative or gross quantitative differences between strains
(Fig. 2). Very little Dipterex was excreted intact, with most of the radioactivity corresponding
to dimethyl and monomethyl phosphate. These two metabolites were also identified in the
urine from mice orally treated with Dipterex. The major metabolite excreted by mice was
unidentified, and appears to be identical with that eliminated by cows [29] (Fig. 3).
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Paper chromatography of Dipterex metabolites excreted by mice and cows. (Mobile phase: 7.5 pt
ethanol, 2.5 pt 0.2% conc. HCl). DMPA - dimethyl phosphoric acid, MMPA - monomethyl
phosphoric acid, UK - unknown metabolite

From these results it was concluded that the houseflics resistant to Dipterex were able
to detoxify the insecticide and excrete the metabolites at a faster rate than the normal
strain. The latter consistently had larger amounts of the intact insecticide present internally.
DDVP, which is thought to be responsible for the in vive toxic action of Dipterex [48],
may be a transient intermediate between the parent compound and the hydrolysis products
found in the excreta.
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DISCUSSION

Tue CHAIRMAN (J. de Wilde, Netherlands): Contrary to my initial idea, I feel that
metabolism and resistance must here be considered in association with one another, so
that the discussion we are about to hold on Dr. Hopking’ most interesting paper should
deal with both.

I. E. Casipa (United States of America): Do you think that metabolism has anything to
do with Dipterex resistance?

T. L. HorkiNs: The ability of the resistant strain apparently to metabolize more of the
insecticide ? 1 think it probably contributes to resistance, but I would not consider it as the
entire cause,
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J. E. Casipa: We shall soon be publishing a paper on the metabolic fate of P32-labelled
Diazinon, methyl Parathion and Malathion in one susceptible and three organc-phosphate
strains of housefly. In none of the characteristics—oxygen analogue, hydrolysis products,
rate of penetration, or rate of hold-up in the cuticle—could we detect a difference in metab-
olism rate between the susceptible and the resistant. Do you believe that with Dipterex
and vour strains of housefly that detoxication of the organophosphate was a major factor
in resistance?

What do you think the unknown from Dipterex can be?

T.L.Hopkins: To your first question 1 can answer *yes’, but to the second, ‘unfortunately
we do not know’. However, we have some clues which T infend to follow up, time permitting,

J. E. CasiDA: Would these clues be consistent with a monodemethylated DDVP, which,
on the basis of some experiments of ours, definitely forms under analogous conditions?

T.L.Hopkns: This may be so; our work suggests that thisunknown compound breaks down
to form dimethyl phosphate, with the resuit that a monomethyl derivative would be eliminated.
Although it runs with the Ry of dimethyl phosphate, there is always the possibility that this
system does not separate more than one metabolite. Usually the monomethylated derivatives
separate guite distinctly from the dimethyl derivatives.

J. E. Casipa: Another check would be to test whether the metabolite is susceptible to
bromination.

T. L. HOPKINS: Yes.

D. E. WeIiDHAAS (United States of America): 1 am also curious about the question of
metabolism and resistance. We did one test at Orlando—and only one, so the possibility
of an artifact must be borne in mind—with some Malathion-resistant and susceptible house-
flics. We found that, when we treated both resistant and susceptible flies topically with the
same dose, effectively a 24-h LCyp, there was a gradual inhibition of cholinesterase activity,
percentage-wise, in the susceptible individuals, and a percentage inhibition, followed by
recovery, in the resistant ones. What was of the greatest interest to me, however, was that at
about two hours there was a greater percentage inhibition of cholinesterase in the resistant
than in the susceptible individuals. This seemed an anornaly to me, unless one assumed,
for example, a conversion to more toxic metabolites followed by degradation. Have par-
ticipants any views on this?

T. L. Horkms: As 1 recall, Chadwick did some experiments in this connection some
years ago, and I do not believe he found any difference in inhibition of cholinesterase in
susceptible and DFP-resistant housefties.

J. E. Casipa: If I may take my comments a little further, we made comparable studies to
the ones you mentioned, using resistant strains of varying resistance and about 20 different
phosphates. The inhibition occurs in the susceptible and not in the resistant strains, if you
work specifically with thoracic ganglion, which is what we have been doing. The amount of
available organophosphate for inhibition in a2 homogenate is greater in the susceptible than
in the resistant. This result is comparable to that obtained by Van Asperen and Oppenoorth,
in Utrecht, but it does depend on the definition given to “available™. This is not only localized
but it is bound; I think that that is all I should like to say at present on this aspect of the
matter.

Tue Cuairman: I think this is a very good point, and here of course, the substrate pro-
tection technique might be strongly recommended. I should like to ask Mr, Hopkins if he
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ever tried incubating different parts of insects in DDVP and endeavouring to obtain the
metabolism products demonstrated in total flies.

T. L. HopKiNs: No, we have not tried this. We did start some in vitre work with Dipterex
in mice, and we found out that even in our enzyme-inactivated liver slices we were getting
DDVP* from a spontaneous rearrangement of Dipterex, That, actually, was as far as we went.

J. E. Casipa; There is just one more remark I should like to make. We have worked with
the enzymes in houseflies that break down phosphates. One can purify the enzyme that
breaks down DDVP, and we have in fact purified it about a hundredfold. There is no
difference in the activity of this enzyme in resistant and susceptible flies, and the same holds
good for the enzyme that breaks down para-oxon. There are at least three different housefly
enzymes that break down phosphates, and some were surprisingly active when properly
supplied with co-factors, But supplying the co-factors was the difficulty. They are apparently
lipoproteins—at least we have not been able to dissociate the enzymes from the lipid fraction.

* 0,0-dimethyl 2,2-dichlorovinyl phosphate.






RADIOACTIVE TRACER TECHNIQUES IN INSECT
BIOCHEMISTRY

F. P. W. WINTERINGHAM
AGRICULTURAL RESEARCH COUNCH.,
PEST INFESTATION LABORATORY, SLOUGH, BUCKS.
UNITEDp KINGDOM

Abstract — Résumé — AupoTanHa — Resamen

Radioactive tracer technigues in insect biochemisiry. Radioactive tracer techniques combined
with microfractionation technigues such as paper chromatography have provided powerful tools for
studying the biochemical problems of insect control by chemicals.

An important aspect of this type of work is the separation, assay and identification of labelled
compounds recovered in trace amounts from insect tissues. Automatic radio-chromatographic
techniques are available and identification may be established by co-chromatography with authentic
compounds, and by studying the action of chemical reagents and specific enzymes on the labelled
fraction.

A serious threat to progress in the chemical control of agricultural pests is the increasing numbers
of insects which display such high levels of resistance to the established insecticides that their use has
had to be abandoned. Labelled insecticides have been extensively used for comparing their absorption,
metabolism and excretion by normal and insecticide-resistant insects, The use of labelled Dieldrin
and its chemical relatives in this way has provided essential data on the mechanisms of resistance. The
evidence to date strongly suggests that resistance to Dieldrin in diptera is not due to detoxication or
failure of the insecticide to penetrate the insect cuticle.

By labelling pools of related metabolites in vive the effects of insecticides upon the insect may be
studied. Labelled pools are formed in vive by feeding or injecting insects with suitable labelled com-
pounds,

Comparison of the labelled pools formed when acetate-2-C14 and P3Z-labelled PO43- were injected
into adult insects provided valuable data on the biochemistry of insect nerve and muscle. For example,
the significance of [-a-glycerophosphate in the carbohydrate metabolisrn of the flight muscle has
been demonstrated, and studies made of the kinetics of acetylcholine metabolism in the nervous
tissue of the intact insect.

Pools of metabolites labelled with Cl4 or P32 have Lbeen used for studying the mode of action of
Dieldrin and other insecticides in the insect. Thus, the organophosphorus insecticides appear to
slow the rate of acetylcholine synthesis in vive although they are without effect on the corresponding
enzyme systems in virro,

Caution must be exercised in interpreting tracer experiments applied to the problems of insect
resistance. For example, a difference between the metabolism or excretion of a Jabelled insecticide
by susceptible and resistant insects may not explain resistance but simply be a consequence of
susceptibility.

Emploi des indicateurs radiozetifs dans la biochimie des insectes. Les méthodes utilisant les indi-
cateurs radioactifs, combinées aux techniques de microfractionnement telles que la chromato-
graphie sur papier, sont des outils puissants pour I’étude des problémes de biochimie que pose la
lutte contre les insectes au moyen de produits chimiques.

Un aspect important des travaux qu'exige cette étude est la séparation, Panalyse et Fidentification
des composés marqués récupérés sous forme de traces dans les tissus des insectes. On peut recourir,
a cette fin, aux techniques de radiochromatographie automatique; I'identification peut se faire par
co-chromatographie i I'aide de composés authentiques, ainsi que par P’étude de Paction de réactifs
chimiques et de certains enzymes sur la fraction marquée.

L’essor de la médecine tropicale est sérieusement menacé par l'apparition d'un nombre croissant
d’insectes portenrs de maladies, qui présentent une telle résistance aux insecticides classiques que
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T'emploi de ceux-ci a di &tre abandonné. On a largement utilisé des insecticides marqués pour
comparer leur absorption, leur métabolisme et leur élimination chez les insectes normaux et chez les
sujets rebelles auax insecticides. Ainsi, I'emploi de la dieldrine marquée et de cartains produits chimiques
apparentés a permis de réunir des renseignements d*importance fondamentale sur les mécanismes de
cette résistance. D’aprés les données dont on dipose & I'heure actuelle, on a tout lieu d’admettre que
la résistance opposée par les diptéres 4 la dieldrine n’est pas due 2 la désintoxication ou & incapacité
de I'insecticide de pénétrer a travers les téguments de 1'insecte.

On peut étudier les effets des insecticides sur I'insecte en marquant in vivoe des pools de métabolites
apparentés. Pour marquer ces pools in vive, on administré aux insectes, par nutrition ou injection,
des composés marqués appropriés.

La comparaison eatre les pools marquss obtenus par injection d’acétate 2-14C et de PO43- marqué
au phosphoie-32 & des insectes adultes, a fourni des données précieuses sur la biochimie des nerfs et
des muscles de Pinsecte. 11 2 été démontré, par exemple, que Ie lfa-glycérophosphate joue un rdle
importarit dans le métabolisme de I’hydiate de carbone du muscle de Iaile; des études ont été faites
sur Ia cinétique du métabolisme de "acétylcholine dans le tissu nerveux de I'insecte intact.

Des pools de métabolites marqués au carbone-14 ou au phosphore-32 ont été utilisés pour I'étude
du mode d’action de la dieldrine et d’autres insecticides chez l'insecte. 11 semble ainsi qu’in vivo les
insecticides 4 base de substance organique et de phosphore ralentissent le rythme de la synthése de
Facétylcholine, bien que in vitro ils n’aient aucun effet sur les systémes enzymatiques correspondants.

Les résultats des expériences faites au moven d’indicateurs en vue de résowdre les problémes de la
résistance des insectes doivent &tre interprétés avec prudence. Par exemple, une différence constatée
entre insectes sensibles et insectes résistants dans le métabolismeé ou I'élimination d’un insecticide
marqué ne prouve pas forcément la résistance ; €lle peut étre simplement due 4 la sensibilité.

MeToos pasBGEKTHEROTG MedeRnf B OHOXAMAN HACEKOMBEX. METOOB! pARMOAKTHBHOFO MEYeHMHA
BMECTe ¢ METONAME MHKpOGpaXIEMOHIPOBAHHA, TAKIM Kak Xpomartorpadus Ha Gymare, npen-
cTAamIAIOT cobol MODIHME CpelcTBa ANR H3yyYeHHs OHOXMMMUECKMX NIpoblieM YHMUTOMEHHS
HACEKOMEIX ¢ TIOMOLIBLI} XMMHKANNEE, |

BamuemM acTiekTOM 3TOre BRAa paloThl SBISETCH pajiglieHHe, KONHYECTECHHBIN aHanmws M
ONO3HABAHIIE MEYCHBIX COCIMHEHMH, OOHADYXEHHMBIX B MEYCHBLIX BEIUECTBAX B TKAHAX HACSKOMBIX.
HmMeercs aBTOMATHYCCKAR PANHO-XpOMaTOIpafiigeckans TEXHHRA B ONOIHABAHKE MOXKHO ITPOBOHTE
¢ OOMOLIBID COXPOMATOrpaduM ¢ AYTEHTUYHBIMH COCOMHCHWAMH M IYTEM HIYIEHUA JeicTEHA
XHMHYECKMX DEATEHTOB M CHCHHGHYCCEHX JH3NMOB HA ME4eHYR (paxuuro.

CephesHoii yrpozofi yonexy GopbObl ¢ CENbCROXO3IRACTBEHHBIME BPCOMTENAMH HPH HOMOLIH
XHMEKAIIREE ABIAKYTCH BO3ZPACTAICIING KONMYECTAY HACCKOMMBX, KOTOPBE OPOABISIOT TaXHe BH-
COKHE CTENeHH COHDOTHENAEMOCTH YCTAHOBJICHHBIM MHCEXTHIMAAM, 4TO OF MX HCIQIR30BAHUA
BHIHYXACHB! ORUTH OTKA3aTECHA. MeyeHBIe MHCCKTHIMAR NIHPOKO HCHOONBIOBANHCE 1S CPABHEHHS
RX OTNIOIISHHA, METAGOIIHIMA H YIATIEHHA HOPMATLHBMY HACCKOMEIMH H HACEKOMBIMI, CTONKAMI
¥ MECEKTHIHAAM, Henoib30BAHNE METEHOTO JHEIPHHE H POACTECHHBIX €MY XHMHEAINCE B HTOM
OTHOIHEHUH OPEAOCTABMIO CYIISCTECHHLIE JAHHEIS O MEXAHHIME coNpoTHeageMocTH. Mmerompeca
B HACTOSINES BpeMA NaHHble ¢ SONBLI0 ONPeNeNIeHROCThIO TOROPAT O TOM, UTO COMPOTRBAREMOCTL
RMENAPHHY ¥ OHNTEpA He ABIACTCA Pe3YARTATOM AETOKCHKABHM HAH HeCTIOCODHOCTH HHCEKTHUMOA
OPOHHKHYTEH 4Y€pe3 BHEINHNHH IOXpOoB HACEKOMOro,

Bo3geficTBHE MHCEKTHMIHAOBR Hi HACEKOMOE MOXKET OBITh HIYYCHQ IIyTEM HCOQNB3OBAHHE
MedeHHS MeTAOONHMEECKHX Y3JI0B {n vive, MedeHrle yinel COINAICTCA jn Vive NYyTEM KOPMIIEHHA
HACEKOMBIX MIH BBEACHHH B HHX COOTBETCTBYHOLOMX MEYEHBIXN COCIUHEHHHR,

CpaBHEHHE MEYEHBIX YANOB, COSAAHHLIX Opy unnekans (2-Cl4) anerata n (P32) FOu3- mapocimsiv
HACEKOMEIM, IMPEACCTABUIC ICHHBIC AAHBEE MO GHOXUMUH HEPBHON W MYCKYNLHOH TKAHH HAge-
®oMoro, HanpsMep, AEMOHCTPHPOBAIOCH 3HAueHne [~e-rinuuepodocdara B merabommsMe yrie-
BOAOB JICTATENBHON MBIMIEI H APOBEASHL] HOCNEAOBAHHA KHHETHKE MeTafolNIMA AleTHIXOMHHA
B HEPBHOH TKAHH RENOBPEXOCHHOTO HACEKOMOIO.

Merabom q:ckue y3nel, MeveHusie Cl4 nig P32, gohonb3oBanuch ANA HOCNEGIOBAHMA TOTO, KAK
MeHCTEYIOT AMENODHH H ADYFHE¢ HHCEKTHIMABE! Ha Hacexomoe. Tak, oprammsecko-focdiopabie
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HAHCCKTROWEEI, BHONMO, 3aMEADIOT CKOPOCThH CHHTE3A AlUCTHICOJMHA (M Vvive, XOTA OHH HE
DEACTBYHOT HA COOTBETCTBYIOIIHEG CACTEMEl 3HIUMOB i Vitro.

Crepyer cofmonate OCTOPOKHOCTE NPY HHTEPIPETATHH JKCOCPUMEATOR € DATMOAKTHBHBIMH
RHAMKATODAMH, CBA3AHHEIX ¢ TpobneMaMB CONMPOTHBIAEMOCTH HacekoMmbiX. Hanpumep, pasHama
MexAY MeTAOOIHIMOM WIM YOANleHHEM MEVYESHOTO HHCEKTHLHAA YYBCTBHTELHBIMHM M CTOMKAMMI
HACCKOMBIMH MOXeT OBITh 0OBLACHeHA He TOMBKO CONPOTHBIAEMOCTHI0, OHA MOMET OKAZATECH
CAIGOCTRHEM 4YYBCTBHTEIBHOCTH.

Empleo de los indicadores radiactivos en !a bioguimica de los insectos. Las técnicas de empleo de
los indicadores radiactivos, combinadas con las de microfraccionamiento, como la cromatografia
sobre papel, proporcionan poderosos instrementos para el estudio de los problemas bioguimicos
que plantea la lucha contra los insectos mediante productos quimicos.

Un aspecto importante de los trabajos que este estudio requiers fo constituye la separacidn,
analisis e identificacién de los vestigios de compuestos marcados que se extraen de los tejidos de
insectos. A tal efecto, es posible recuurir a las técnicas de radiocromatograffa automitica v la iden-
tificacion puede hacerse por co-cromatografia con ayuda de compuestos auténticos, asi como estu-
diando ka accidn de reactivos quimicos y de ciertas enzimas sobre la fraccion marcada.

El progreso de la medicina tropical se ve seriamente amenazado por la proliferacion de un namero
creciente de insectos cuya resistencia a los insecticidas habituales es tan elevada que ¢l uso de éstos
ha debido abandonarse. Los insecticidas marcados se han utilizado ampliamente para comparar su
absorcifn, metabolismo y excrecién en los insectas normales ¥ en los resistentes a los insecticidas.
El uso del dieldrin marcado vy de algunos productos quimicos emparentados ha permitido reunir
valiosos datos sobre el mecanismo de la resistencia. Las pruebas disponibles en la actualidad indican
claramente que la resistencia que los dipteros oponen al dieldrin no se debe a una desintoxicacién o a
la incapacidad del insecticida de pénetrar a través de los tegumentos del insecto.

Loz efectos de los insecticidas sobre los insectos pueden estudiarse marcando i vive pools de
metabolitos afines. Los pools marcados se obtienen i vive suministrando por via bucal o por inyeccién
sustancias convenientemnente marcadas a los insectos.

La comparacién de los pools marcados que se forman inyectando a los insectos adultos acetato

- [2-13C] v PO4> marcado con3?P proporciona interesantes datos acerca de la bioguimica de los nervios
¥ musculos de los insectos. Por ejemplo, se ha demostrado que el -a-glicelofosfato desempefia un
impcriante papel en el metabolismo de los hidratos de carbono en el masculo del ala, y se ha estu-
diado la cinética del metabolismo de la acetilcolina en el tejido nervioso del insecto intacto.

Se han utilizado pools de metabolitos marcados con 4C o con 32P para estudiar el modo de accién
del digldrin ¥ de otros compuesios sobre los insectos. Asi, los insecticidas orgdnicos fosforados pare-
cen disminuir la velocidad de sintesis de la acetilcolina i vive, aunque ir vitre no gjercen efecto sobre
el sistema enzimdtico correspondiente.

Los resultados ds los experimentos de marcacidn realizados con €l objeto de resolver los problemas
que plantea la resistencia de los insectos se han de interpretar con cautefa. Por ejemple, la observacién
de diferencias en el metabolismo o en Ia eliminacion de un insecticida marcado no prueba necesaria-
mente la existencia de una resistencia; la diferencia puede ser sencillamente consecuencia de cierta
sensibilidad.

Introduction

Since 1945 the progress of biochemical research has been greatly influenced by the impact
of two techniques: (a) the techniques of chromatography, electrophoresis, etc., by which
mixtures may be resolved on the microgram scale, and (b} radioactive tracer techniques by
which suitably latelled substances may be detected and determined with an unrivalled
sensitivity and specificity. It is the purpose of this contribution to illustrate how the com-
bination of micro-fractionation and radiochemical techniques may be effectively applied to
the study of insect biochemistry. Within the space available it will not be possible to do

B
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more than explain some basic principles and techniques. Some examples of their application
in the author's own laboratories will be offered by way of illustration and for later discusston.

Two kinds of application of the combined techniques may be distinguished. In the first,
the experimental insects are exposed to a labelled insecticide. The radioactive material may
be later extracted from the insect tissues, and unchanged insecticide and its metabolites
separated and assayed radiometrically. In this way the effect of the insect upon the insecticide
may be studied.

Inthesecond type of application, it is the insect or, more specifically, a pool of biochemically
related meiabolites of the insect which is labelled. This is accomplished by injecting or
feeding an insect with a suitably labelled substrate so that metabolites derived from the
substrate through the normal biochemistry of the insect also become labeiled. When the
mixture of labetled metabolites so formed is extracted and resolved, the radioactivities of the
separated fractions indicate their relative concentrations or, at least, the relative rates at
which they become labelled ir vive. By conducting such “labelled-pool” experiments with
normal and with poisoned insects the effects of an insecticide upon theinsect may be studied [11.

Preparation of Iabelled insecticides

The most important method of preparing labelled insecticides is by chemical synthesis
from an intermediate suitable for radicactivation in the pile or particle aceelerator. Many
compounds, including insecticides, are prepared routinely in this way and are available
commercially through National Atomic Energy Agencies. Usefully detailed descriptions of
many labelled insecticide syntheses have also been published {2] [3].

H
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Fig. 1

C14-DDT and Br82-analogue
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Figs. 1 and 2 show types of labelling of some important chlorohydrocarbon insecticides.
PearcE and JENSEN [4] successfully labelled DDT with C14 in the tertiary position, as shown
in Fig. 1, The difficult synthesis of C14-Endrin (Fig. 2) was first accomplished by the author’s

Fig. 2
Cl4_Endrin, Cl4-Dieldrin and S25-analogue of Dieldrin

colleague Dr. Brooks [5]. The Cl4-labelled Dieldrin was later made available by the Radio-
chemical Centre of the United Kingdom. When the labelling of the insecticide itself is not
feasible, it may be of great value to use a labelled analogue. For example, the Bri2-analogue
of DDT shown in Fig. 1 has been effectively used by my colleagues and me in studies of
insect resistance [6] [7] and of food contamination {8]. The bromine analogue very closely
resembles DDT in its insecticidal, chemical and physical properties, but it has the advantage
of being easily labelled with the 35-h Br82 at very high specific radioactivities. The 835-
analogue of Dieldrin [9] was similarly used in insect resistance studies pending the much
more difficult synthesis of the Cl4-labelled insecticides. Fig. 3 shows doubly labelled
Parathion [10]. Since P32 and 835 are readily differentiated radiometrically, the fates of different
portions of the molecule may be studied simultaneously.

*
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Fig. 3
P32.835 doubly labelled Parathion

For the isotopic synthesis of labelled insecticides of botanical origin such as the Pyrethroids,
Rotenone, Nicotine etc., biosynthetic techniques may be used. For example, PELLEGRINI,
MiLLER and SHARPLESS [13] successfully prepared uniformly Cl4-labelled Pyrethrins in this
way (Fig. 5). Pyrethrum plants (Chrysanthemum cinerariaefolium) were grown in an atmos-
phere containing C1402, and the labelled insecticides finally extracted from the radiocactive
flowers and purified. By the ingenious method of feeding tobacco plants with di-ornithine-
2-C14 Leete [14] was able to recover specifically labelied Nicotine as shown in Fig. 6.
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Specifically labelled Cl4-Allethrin
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Fig. 5
Uniformly Cl4-labelled Pyrethroids (by biosynthesis)
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Fig. 6
Specifically Cl4-labelled Nicotine (by biodgynthesis)

Finally, labelling with trittam may be accomplished by the novel techniques of tritium
recoil labelling [15] or by activated tritium exchange [16]. In the former technique a mixture
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of the H-containing compound and a lithium salt is irradiated in the pile. Fast tritons
produced by the Li% (n, o)H? reaction break chemical bonds, and exchange with hydrogen.
In the Wilzbach technique the compound to be labelled is exposed to tritium gas, the
necessary activation-energy arising from the B-decay of the tritium itself. Dr. K. G. Das
(personal communication) has successfully labelled both DDT and Dieldrin (Fig. 7) by
tritium exchange. The disadvantage of these techniques lies in the radiation decorposition
of the target compounds and the necessity of rigorous radiochemical purification of the
required product. In concluding this section, it may be said that it is most unlikely that a
particular synthetic or naturally derived insecticide cannot be labelled by one or more of
the techniques of chemical synthesis, biosynthesis or isotope exchange.
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Fig. 7

Semi-uniformly H3-labelled DDT and Dieldrin

Formation of labelled pools in vive

The formation of labelled pools by insects ir vivo is readily accomplished by injecting
them or feeding them with a suitable substrate. Thus, the pool of soluble phosphorylated
intermediates concerned in glycolysis and muscle function is readily labelled in adult house-
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ADENOSINE TRIPHOSPHATE

PYRUVATE ARGININE:

ARGININE
PHOSPHGRIC
ACID

Fig. %

Likely metabolic pathways by which the phosphorus pool of insect muscle could become labelled
with P32, Boxed compounds are those found to accumulate in the muscle of the adult housefly
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flies by providing them with aqueous sucrose containing carrier-free P32-labelled POy
Effective isotopic equilibrium was achieved within 48h so that the radioactivities of the
various fractions were a measure of their relative tissue concentrations [17). The likely
metabolic pathways by which the intermediates of flight muscle become labelled are shown
in Fig. 8. Boxed compounds are those which tend to accumulate in measurable concentrations
and which have been identified. The related pools which become labelled following the
injection of acetate-2-C!4 into adult houseflies are shown in Fig. 9. The work of HiLcHEY,
Cotry, HENRY and their colleagues shows how organic sulphur pools may be Jabelled by
feeding insects with $33-dabelled 5042~ or 835-labelled amino acids. {18—211].
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Fig. 9
Likely metabolic pathways by which the C14 of injected acetate-2-C14 could become incorporated
into the free amino acid pool, etc., of the adult housefly. Boxed compounds are those found to
accumulate in the thoracic and head tissues

Extraction, fractionation and radiometric assay of labelled substances in biological tissues

‘Whether labelled insecticides or labelled pools are being studied, the stage will be reached
when the labelled compounds present in the insect must be exiracted, separated and assayed
radiometrically. In the case of labelled pool studies, especially, it will be important to
extract the tissues under conditions which preclude further enzymic or chemical changes.
Otherwise, the final analysis will not reflect the biochemistry of the tissues which obtained
in vivo. For this purpose the tissues may be rapidly homogenized at low temperatures (e.g.,
at —10°C in acid-alcohol} or extracted at normal temperatures after first inactivating
enzymes by rapid heating (e.g. immersion in boiling water for 1 min or more). Almost
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invariably the necessary fractionation may be accomplished by some form of paper-,
column- or gas-chromatography. Automatic radiometric scanning of paper chromatograms
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Fig. 10
Assembly for automatically scanning unidimensional paper chromatograms with provision for
independent speeds of recorder paper and paper chromatogram. The 50-V solenoid is taken
from register of time unit; the solenocid-operated escapement advances the paper chromatogram
in 0.5-cm steps

THIN END -WINDOW

w G~-M TUBE
COLLIMATING SLOT
PAPER CHROMATOGRAM
TIMER ~ CONTROLLED.
SPOOL
ANODE HEMICYLINDRICAL
(b}  CONNECTORS WINDOWLESS
GM, TUBES
0 - GLASS ENVELOPE
E—— — | S
s 78 4 T0 He+
= PAPER E2 M50
CHROMATOGRAM  HANFOLD
+~FAPER
CHROMATOGRAM
i

UGHT—TIGHT
CABINET

Fig. 11
Detectors for scanning paper chromatograms
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or monitoring of column effluents is generally employed for comparing accurately and
quantitatively the radioactivities of the separated fractions [22] [23]. A simple assembly
for automatically scanning unidimensional paper chromatograms ts shown in Fig. 10.
Typical detector arrangements are shown in Fig. 11. Absorption of the [-particles
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Fig. 12
Diagramsnatic illustration of 4-7z automatic-scanning assembly for paper chromatograms

by the end-window itself is a major source of loss in sensitivity of the G-M tube to
soft beta emitters like C14 and 535, as illustrated in Fig. 11a. Mounting paper chromato-
grams within the sensitive volume itself of a pair of G-M tubes, asshown in Fig. 11b, elimin-
ates this loss, and the detector becomes usefully sensitive even to Hi-labelled compounds
separated on paper. In the arrangement shown in Fig. 11c the paper chromatogram is
exposed to a thin disc of plastic phosphor in optical contact with a photomultiplier window.

Fig. 12 shows an arrangement in which the total count of each exposed section of paper
chromatogram is recorded automatically by a printing scaler. A pair of selected thin end-
window G-M tubes of low background is mounted in 4-x geometry.

Fig. 13a shows an arrangement for continuously monitoring the liquid effluent from a
chromatographic column. Liquid flow counters of the type shown in Fig. 13b possess glass
walls of thickness 30 mg/cm?, and are therefore insensitive to soft B-emitters like C14 and
535, In the counter shown in Fig. 13¢ the thin layer of liquid sample (to minimize self-
absorption) is separated from the sensitive volume of a G-M tube by a 2.5 mgfcm? mica-
window which will pass a useful proportion of soft $-particles [24].

PorIaK et al. [25] have developed an ingenious arrangement for monitoring the gaseous
effluent in gas chromatography. Gascous effluent enters the diamond-shaped tube at I
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(Fig. 14) which contains a solution of phosphor (e.g. diphenyl-oxazole in toluene). Radio-
active constituents dissolve in the phosphor which tends to circulate in front of the photo-
multiplier on the right. The inert entraining gas escapes at E. The entire assembly is
fllustrated in Fig. 15. The three-channel recorder simultaneously records the response of a
gas-density balance and radioactivity at two different recorder sensitivites.
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Radiometric assay of liquid effluent from chromatographic column: (a) automatic assembly;
(b) flow-type counter; {c) specially designed flow-counter for soft p-emitters

Identification of labelled compounds in amounts below the limits of chemical detection

The exhaustive fractionation of labelled compounds provides information on their
number and the radioisotopic distribution between them. Chemical identities may also be
required, however, and these may have to be established with amounts of material below
the limits of conventional chemical tests. Almost invariably the problem is not so much a
matter of identification ab initio, but of establishing which of some likely compounds is
represented by the radioactive fraction.

In the very important cochromatographic technique an authentic compound is added
as *‘carrier” to the labelled mixture before fractionation, and in sufficient amount to permit
its detection by a physical or chemical test. Afier extended fractionation, the carrier is
located by the test and the labelled compound is located radiometrically. If the carrier and
a labelled compound of the original mixture be identical there will be exact coincidence
between their boundaries either in terms of serial fraction numbers, positions and shapes
(¢.g. as determined autoradiographically) on a paper chromatogram.

A simple technique is illustrated in Fig. 16 for reconcentrating a labelled fraction,
together with unlabelled carrier, if required, of a paper chromatogram so that it may be
subjected to further chromatography in a different solvent system [26]. That section of
paper carrying the labelled fraction under examination is cut from the parent chromatogram
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Fig. 14

Schematic presentation of principle used in monitoring the gaseous effieent in gas chromato-
graphy {from Popjak er al. [25])
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Fig. 15
Complete counting and recording arrangement for monitoring the gaseous effluent in gas
chromatography (from Popjak er af. [25])
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and attached to a fresh strip of paper at A, A suitable volatile solvent is introduced at B
and this rises up the section, passes between the ground glass surfaces of the joint and
emerges at R. The solvent is no Ionger in an atmosphere saturated with its own vapour,
and therefore evaporates. The net result is that the Iabelled fraction and carrier are recon-
centrated in a narrow band just above R. The paper strip may now be removed and chromato-
graphy repeated in a new solvent system. This process may be repeated indefinitely, subject
to the stability of the labelled compounds present. If these conditions of, in effect, multi-
dimensional chromatography, are applied in the presence of detectable carrier, the
coincidence tests of identity can be made to be as exacting as one pleases. There must, of
course, be no possibility of radioisotope exchange between carrier and labelled substance
unless they are chemically identical.

0em

R—=F

Fig. 16
Simple all-glass unit for eluting and reconcentrating labelled fractions separated on paper chromato-
grams

A surprising amount may be learned by studying the behaviour of detectably radioactive
material under different conditions of fractionation, chemical, enzymic treatment etc. For
example, P32-labelled /[-o-glycerophosphate was identified on paper chromatograms
because it was oxidized in the presence of a purified l-a-glycerophosphate dehydrogenae
resulting in the formation of acid-labile P32-labelled PO43- which could readily be identified
by paper chromatography [27].

Labelled insecticides in the study of the mechanisms of insect resistance
There are numerous examples in which labelled insecticides have been used for studying

their metabolism in insects, plants, and mammals and details may be sought through recent
reviews [2] [2B—31].
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Since the author and his colleagues were perhaps among the first to use labelled insecticides
for studying the mechanisms of resistance and synergism, an early finding is shown in Fig. 17
[7]. The radiochromatograms indicated a high level of detoxication in the resistant insect
as a result of the enzymic conversion of the absorbed insecticide to its non-insecticidal
ethylene derivative. It was also shown that in the presence of piperonyl cyclonene which
appeared to enhance the effectiveness of DDT against the resistant insect, the metabolism
of DDT was much reduced. This confirmed the earlier observation of Perry dhd HoskINs [32]
that the action of piperonyl cyclonene was to inhibit DDT detoxication, Recent similar
studies of the fate of the labelled Dieldrin-type insecticides in susceptible and resistant
houseflies and mosquitoes strongly suggested that resistance to Dieldrin in these insects
was not due o enhanced detoxication or excretion, or failure of the insecticide 1o penetrate
the cuticle of the resistant insect [9] [33—331.
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Fig. 17
Chromatograms of radioactive insecticide metabolites recovered from housefiies

P32- and C'4-labelled pools in comparative biochemical and toxicological studies

The radiochromatogram shown in Fig. 18 was obtained by feeding the aduvlt housefly
Musca domestica with carrier-free P32-labelled PO43-, later extracting the thoracic tissues
{mainly flight muscle) and carrying out a radiochromatographic analysis. This radio-
chromatogram was automatically plotted by the scanning device shown in Fig. 10. The
conditions of the experiment were such that the distribution of total soluble P32-activity
represented the relative concentrations of soluble phosphorus compounds in the insect
tissues. By repeating such experiments with normal and with poisoned insects it has been
possible to study effects on carbohydrate metabolism of intact insects.

It was found, for example, that under conditions of anoxia there was an accumulation
of /-a-glycerophosphate (fraction IV of Fig. 18) in the thoracic tissues of the adult housefly



RADIOACTIVE TRACERS IN INSECT BIOCHEMISTRY 127

{27]. Of considerable interest in this connexion have been the observations that insect
flight muscle contains remarkably high and low concentrations respectively of a-glycero-
phosphate dehydrogase and lactic acid dehydrogenase [36] [37]. Now it is well established
that for glycolysis to proceed in vertebrate muscle under the temporary conditions of
oxygen lack (such as sudden exercise), reduced coenzyme I (DPNH,) formed glycolytically
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Facsimile of automatically plotied radiochromatogram of P32-labelled total soluble phosphorus

paol recovered from insect flight muscle, Fraction I, phosphoprotein; fraction TIA, ATP: fraction 11B,

ADP; fraction INI, arginine phosphoric acid + glucose-6-phosphate + AMP; fraction 1V, o-
glycerophosphate; fraction V, inorganic phosphate
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Comparison between glvcolytic mechanisms in mammals and insects
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must be reoxidized anaerobically, and this occurs by the action of factic acid dehydrogenase.
Lactic acid thus tends to accumulate. If, on the other hand, a-glycerophosphate dehydro-
genase replaced lactic acid dehydrogenase as in insect flight muscle, thenan accumulation of
a-glycerophosphate would be expected instead of lactic acid. Exactly this was demonstrated
in the housefly by the labelled pooi technique (see above). The glycolytic mechanisms
concerned are compared in Fig. 19. Kunista [38] first demonstrated such an accumulation
of a-glycerophosphate in the thoracic muscle of the cockroach, Peripianeta americana.

It has already been mentioned that recent studies suggest that insect resistance to Dieldrin
is not due to lack of penetration of the insecticide through the cuticle of the resistant insect,
nor to enzymic detoxication, excretion, etc. Instead, resistance may be due to some fun-
damental insensitivity at the normal site of action. The question then arises: What is this
site of action in biochemical or physiological terms? Labelled pool techniques are being
currently used for studying this.

When an active housefly is brought to rest by the minimal use of cyclopropane anaesthesia
the thoracic a-glycerophosphate rapidly rises to its “resting level” [27]. However, at quite an
early stage of Dieldrin poisoning, anaesthesia fails to restore the a-glycerophosphate to its
resting level. This suggested that Dieldrin was possibly interfering with the regulation of
carbohydrate metabolism at the a-glycerophosphate level [39].

There is evidence that Dieldrin unstabilizes the central nervous system of insects. This
could be explained if Dieldrin affected acetylcholine metabolism iz vivounder conditions of
steady state concentrations, i.e. under conditions in which there would be no demonstrable
change in the chemical content of acetylcholine in the nerve. This possibility has been studied
by meéasuring the rate of acetate-2-C14 incorporation into tissue acetylcholine i vivo. When
acetate-2-C14 is injected into adult houseflies the ketogenic amino acids, glutamate, glutamine,
proline, aspartate etc. rapidly become radioactive in both head (rich in central nervous
tissue) and thorax (rich in muscle). Since these amino acids may be derived by transamination
with ketoacids of the tricarboxylic acid cycle (Fig. 9) this was strong evidence of the operation
of the cycle in insect muscle and nerve [40] [41]. These amino acids similarly became radio-
active following the injection of C!4-glucose which is not surprising since both glucose and
acetate share the central intermediate of acetyl coenzyme A [42]. More recently, TREHERNE [43]
has applied similar techniques and the same argument for the operation of the tricarboxylic
acid cycle in the central nervous tissue of the cockroach Periplaneta americana. Returning
to the adult housefly it has been found that, following the injection of acetate-2-C14, besides
free amino acids there is also a rapid incorporation of labelled acetate into the acetate moiety
of acetylcholine in the nervous tissue. The labelled acetylcholine so formed in vive may be
separated and assayed radio-paper-chromatographically as shown in Fig. 20. The major
labelled fractions separated in the formic acid — acetone solvent consist of the amino acids
glutamine, glutamate, proline, etc. The fast-running fraction may be further resolved, as
shown, in a formic acid propanol solvent, the impure Cl4-acetylcholine being present in the
slower running fraction at Ry 0.46 [44), Finally, on running the crude acetylcholine fraction
in the neutral aqueous-propanol solvent, the pure Cl4-acetylcholine separates at about Ry
0.24. 1t is appropriate here only briefly to mention some of the preliminary findings of this
investigation. Continuous cyclopropane anaesthesia lowered the rate of formation of C14-
acetylcholine and also the overall metabolism of acetate. Perhaps this is the first demon-
stration of a direct relationship between acetylcholine turnover and nervous activity iz vivo.
Anticholinesterase appeared to “‘uncouple™ acetylcholine synthesis in the sense that the
overall metabolism of acetate and respiration were increased, while the formation of Ci4-
acetylcholine was considerably reduced. There was no evidence of Dieldrin effects.
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Fig. 20
Radiochromatographic assay of Cl4.Jabelled acetylcholine extracted from insect tissue

Concluding comments

Like all other techniques, the use of combined radioactive tracer and microfractionation
techniques is not without its pitfalls and limitations. For example, an unlabelled carrier and
a labelled but chemically different compound may sometimes show such similar properties
during chromatography as quite wrongly to suggest chemical identity. Exact co-chromato-
graphic coincidence should be demonstrated in at least three different solvent systems before
identity can be assumed. In the Iabelled pool technigue the distribution of radioactivity
between the different fractions may provide information on their refative concentrations or
turnover rates, but can provide no information on the absolute weights of metabolites
present.

Limitations notwithstanding, however, there are, indeed, exciting potentialities — such
as the nse of labelled cytidine pools for studying nucleic acid metabolism in living cells [45].
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DISCUSSION

ToE CHAIRMAN (J. de Wilde, Netherlands): I feel sure that the wealth of information Dr.
Winteringham has given us will provide an excellent basis for a highly interesting dis-
cussion. After all, the labelled pool technique provides a key to many otherwise insoluble
problems. For example, there is the work being done on the determination of essential
amino acids in phytophagous insects. Some work is being done in the physiology labo-
ratories in Utrecht, on nuirition. As you know, nutrition is very difficult to study in
phytophagous insects because they will eat only living Jeaves. Now, after injecting Ct4-
labelled acetate into the pupa, we can see, on analysis of the amino acids in the adult, that
two or three separate groups are present: the unlabelled amino acids which apparently are
essential, and the labelled which are non-essential. Definite progress is being made in this
field which is only one of the many avenues opened up by this method.

A. R. GoPAL-AYENGAR (India): I should like firstly, to express my great admiration for
the extraordinary lucidity with which the whole subject has been presented to us. My only
comment is that, despite the labelled pool technique and the variety of other techniques that
are being brought into action to solve the resistance problem, we are still without a final
solution of the problem of resistance and susceptibility, and I was wondering whether
Dr. Winteringham could indicate the lines along which, having come so far, we should
now proceed.

F. P. W. WINTERINGHAM: Well, the position, as I see it, is this: the first major case
of resistance to be studied biochemically was that of DDT and I think it is clear that
resistance to DIDT is associated with quite a spectacularly high level of DT meta-
bolism. This led many of us to believe that the same mechanisms might account for the
resistance to other insecticides, such as the cyclodiene derivatives like Dieldrin, and BHC
and all the OP compounds. But I think it is only fair to say that the problem is not proving
as simple as that. In the case of cyclodiene-derivative insecticides, like Dicldrin, we have no
evidence to date, as far as I know, that resistance is due to metabolism, excretion or failure
of the insecticide to penetrate the cuticle. And we therefore have to face up to the fact that
resistance may involve, as I said earlier, some fundamental insensitivity at the site of action,
Thus, if we are really going to understand the mechanisms of resistance, we must know more
about the action of the insectictde itself. With the organophosphorus compounds, I think
there is perhaps some indication that metabolism may indeed be an important factor — but
even here, as some of the data of cross-resistance strongly suggest, it is unlikely to be the
only factor. But I think van Asperen’s work especially has indicated the possible role of
phosphatases in detoxication.

T. L. HopkIns (United States of America): In the labelled pool technique, do the labelled
compounds achieve uniform labelling and is the same relative percentage of molecules of
each compound Iabelled ?

F. P. W. WINTERINGHAM: Uniformity of labelling can often be established. For example,
adenosine triphosphate (ATP) has the skeleton structure

S9N 0—Pe_0_PP_0O_P—OH

g
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which, on acid hydrolysis yields adenine, ribose-5-phosphate from P and 2 x PO43-
from P,

Therefore if the ATP were uniformly labelled, the inorganic phosphate should be twice as
radicactive as the ribose phosphate. By applying this test to the labelled ATP formed in
insects in vive it was found that ATP was uniformly labelled,

One other method which has been successfully applied is the following: a paper chromato-
gram containing P3Z-labelled metabolites is allowed to decay for 2 or 3 months so that the
original radioactivity has largely disappeared. The paper chromatogram is then reactivated
in the reactor. All the chemical phosphorus originally present, not necessarily that which
had been labelled, becomes reactivated according to the P31 (n, y) P32 reaction so that the new
radioactivity in the paper chromatogram is a measure of the total chemical phosphorus on
the chromatogram, In our experiments, the peaks of radioactivity produced were roughly
the same as the relative proportions on our original paper chromategrams. This proves that
the original P31:P32 ratio, i.e. the specific radioactivity, is the same for the various labelled
fractions. However, I think it is only fair to say to Dr, Hopkins that there are cases which
are mote difficult to solve,

J. TreuerNE (United Kingdom): I was wondering if Dr. Winteringham would agree
with me that, despite the very precise nature of the radioisotope technique, the method as
applied to insect physiology and biochemistry still remains largely semi-qualitative, Fre-
quently, radicisotope experiments yield information which would allow quantitative transfer
constants, permeability constants and turnover rates to be calculated. Unfortunately, these
data are often not utilized in these ways and, instead of being used for obtaining physical
constants, remain in an “undigested”™ state which does not permit full light to be thrown
on the nature of many biochemical and physiclogical processes.

F. P. W. WINTERINGHAM: T think the important thing to remember is that the tracer only
measures accurately the turnover, or the chemical or physical distribution of the radioactive
isetope. This by no means necessarily measures either net chemical synthesis or turnover
of a particular compound. In many studies two factors arerequired: the radioisotope activity,
and the chemical conceniration. 1 agree that, ideally, there are miany simple applications
in which one can reasonably assume chemical concentrations to remain constant, so that the
changes in radioactivity do really mean changes in turnover rate.

P. B. CorvweLL (United Kingdom): In an attempt to bring the two aspects of the Sym-
posium together—radiotracer techniques and radiation damage in insects—I would like to
ask Dr. Winteringham if he considers that radiotracer techniques may be of value in evaluat-
ing what physiological changes occur in radiation susceptibility studies?

F. P. W. WINTERINGHAM: Yes, I think they can in the sense that the labelled pool
technique may well demonstrate accumulations or depletions of essential metabolites
which might be missed by conventional, pharmocological or chemical analysis. One advantage
of the labelled pool technique, provided it is used intelligently, is that it brings about changes
in various intermediates, even before they may have been identifed chemically: it draws
attention to changes and phenomena which may be worth studying. The other possible
advantage is that the technique may be considered as representing a radiation source in
itself. In short, an experiment may be carried out as we in fact have done, at different levels
of radioactivity. If there is a correlation of some change in the level of radioactivity, then this
is an illustration of radiation damage in biovhemical terms.

G. G. SewcurTa (India): Is it possible to isolate the component parts and by-products of
different metabolic cycles involved in insect tissue?
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F. P. W. WINTERINGHAM: Yes, I think it is. By methods such as gas chromatography and
electrophoresis, one can separate probably most of the more important metabolites involved
in lipid, carbohydrate or amino acid metabolism. The important point in labelled pool work
is to ensure that the methods of extraction, chromatography etc. do not themselves affect
the proportion of metabolites obtaining in the original tissues, '

However, I should perhaps mention here one important limitation of the tracer technique,
namely, that we kave not got suitable radioactive isotopes of all the natural elements —
nitrogen is perhaps the most regrettable case. We are unable to follow the metabolism of
nitrogen per se¢ in insects, although we can, by fractionation techniques, separate most of the
important nitrogen compounds, whether they are amino acids, purine bases, and so on

A. R. GoPAL-AYENGAR : Since, as appears, the OP substances work by affecting the nervous.
syster, is there any actual evidence of alteration in the structure of the nervous system under
the action of insecticides?

F. P. W. WINTERINGHAM: I am prebably treading on rather dangerous ground here, but
I do not think there is any direct evidence of changes in nervous structure in histological
terms. Histological studies have been made of nervous structure at late stages of poisoning,
but I am rather doubtful whether these changes are the direct result of insecticidal action.
I think they are possibly rather irrelevant consequences of nervous degeneration with the
onset of death. It has been suggested that changes in structure might be determined
histologically even at early stages of poisoning, but I am frankly not one of the supporters
of this idea. I think there are better methods of approaching the problem. On the other hand,
there are other grounds for believing that such changes do occur, and I think one of the most
important hypotheses advanced on these lines has been put forward by Mullins at Purdue
University. A particular lipo-protein structure of the nerve cell was postulated and it
was shown or, rather, argued quite cogently that the dimensions of the BHC and the DDT
molecule are such that they might distort this particular structure and so greatly affect the
permeability of the nerve cell wall—and I speak loosely—to such important ions as potassium
and sodium. But this is only a hypothesis, and as far as I know there is no experimental
evidence of such a distortion,

P. J. Deoras (India): When radicisotopes are used in insecticides, is there any demon-
strable radiation effect on the histology of the insect—as distinct from the biochemically
detectable effect?

F. P. W. WINTERINGHAM: There are two possible effects we have to take into
account, One is the effect of the mass of the isotope, and this does suggest a possible limitation
in the use of something like tritium as a tracer, which has a mass number three times that of
the natural isotope, hydrogen. It has been amply demonstrated that turnover rates under
non-equilibrium conditions are very different for tritium-labelled compounds and for
natural hydrogen compounds. So the distribution studies carried out with tritium under
non-equilibrium conditions might be misleading. On the other hand, Glascock at Reading
has made a study of the significance of using tritium, and has concfuded that under equi-
libriwm conditions the effect could probably be negelected for most purposes. For other
isotopes, where the mass number ratio is very much less—such as C'4:C12—the effect can
be neglected for most purposes, 1 think, nor is there evidence of biological fractionation.
If there were, we should, of course, have a very nice method of separating and concentrating
isotopes.

The second possibility is of radiation damage, and this is a very real factor to be taken
into account. Using the labelled pool technique one can very easily feed or inject into an
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insect such a high level of radicactivity as to affect its well-being. However, this can at least
always be checked by doing one experiment at a very low level of radioactivity-—compatible
with detection and measurement, of course—and one at a very high level. I am unaware
of demonstrable histological effects as a result of the self-absorbed radiation normally
associated with tracer experiments.
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Abstract — Résumé — Amnoranss — Resumen

Radioisotopes and the insect central aervous system. The use of radioisotopes has facilitated
research at Cambridge on the physioclogy of the insect ceniral neivous system. In particular, this
work has been concerned with the influx of various radioactive compounds through the continuous
cellular and fibrous membrane which envelopes the nervous system. It is currently believed that this
structure, the perilemma, functions as a diffusion barrier restricting the entry of such substances as
sodium and potassium fons and acetylcholine into the underiying neevous tissue. On the other hand,
this strycture must also, as Wigglesworth has pointed out, be specialized to allow adequate ex-
changes of nutritive substances between the central nervous system and the haemolymph. TFhis impor-
tant role has been little studied, and an attempt has been made to understand these processes by
studying the uptake of Cl4-labelled molecules in the abdominal nerve cord of the cockroach. At the
same time, the opportunity has been taken to learn something of the biochemical events ininsect
nervous tissue by following the metabolism of some labelled compounds in the nerve cord of this
insect. Tt is anticipated that this information may help to throw some light on the entry and subsequent
behaviour of insecticide molecules in the insect central nervous system. These findings are discussed
in relation to current concepts of the physiclogy of the vertebrate nervous system,

Les radioisotopes et [e systéme nerveux central de ’insecte. L'emploi des radioisotopes a facilité
Ies recherches qui ont é&té faites 4 Cambridge sur la physiologie du systéme nerveux central de FPin-
secte. Les travauX ont surtout porté sur la pénétration de divers composés radioactifs 4 travers la
membrane cellulaire et fibreuse continue qui enveloppe le systéme nerveux. On estime généralement
que cette membrane forme une barriére qui s’oppose i la pénétration de substances telles que les
ions sodiam et potassium ou acétylcholine dans les tissus nerveux sous-jacents. DXautre part, comme
I'a souligné Wigglesworth, elle doit aussi avoir des fonctions spécifiques permettant les échanges
nutritifs nécessaires entre le systéme nerveux central et I’hémolymphe. Ce réle important a été pen
étudié, mais on s’est efforcé d'expliquer les processus mentionnés en examinant chez Ja blatte 'absorp-
tion de molécules marquées au carbone-14 par le cordon nerveux abdominal. I>*autre part, on a saist
cette oocasion pour essayer de se faire une idée des phénoménes biochimiques qui s’opérent dans le
tissu nerveux de I'insecte, en observant le métabolisme de certains composés marqués dans son cordon
nerveux, On espére que ces renseignements permettront de micux comprendre le processus de péné-
tration et le comportement subséquent des molécules d'insecticide dans le systéme nerveux central de
F'insecte. Les résultats obtenus sont examinés & Ia lumiére des conceptions courantes de la physiclogie
du systéme nerveux des vertébrés.

PamuouzoTonl A OEETPAALEANY HEPEESE CHCTeMa BacexoMbiy. MenonpioBadue PagHoH3OTOIONS
obrervuno opoeegensc B KemOpmmxe nocneaosannil QH3HoONoOrMy UEHTPATEHOM HEpBHOH cHCTEMEL
HACEKOMBIX. JTH HCCIEHOBAHUA B OCODEHHOCTH Kacannch NMOTOKA PA3IINYHBIX DPaiHOaKTHBHBIX
COSNMHEHNH, MPOXOJALETD depes CIENMUHYIO KASTYATYIO H BONOKAHCTYID MeMOpaHy, KOTOpas
OKDYWAET HEPEHY#0 CUCTeMy. B HacTosmee BpeMs CHHTAETCH, YTO 3Ta CIPYKTYPa — NEpHIIEMMA
— EBIMOUIHSET ponb axddyinonnore Gapeepa, NPEMATCTBYIGWETO TIPOHUKHOBEHWIO TAKHX BEIIECTE,
KAK HATDHEBBE ¥ KANWEBLIE MOHL B ANCTHIXONHH B PARcTOROKEHHYIO MO HEll HepPBHYIOD TKaHb,
C ApyTO#H CTOPOHEL, T4 CTPYKTYPA, KAk YKA3EBAN I-H VHITNE3BOPT, HOTKHA TAKHE ORTh DPHCIOCO-
Onena gns ofecrnevenys COOTBETCTBYIOIIEre OOMERA IHTATENLHEIMH BeilleCTBaMH MENCAY NeH-
“rpasbHOl HEPBHOH cHeTeMoll W reMonumdpoll. ITa BAXKHAA POSE MATQ MKCICAOBANACH M Dsuma
¢flenana GONLITEA MNO3HATE 3TH NPONECCEl OYTEM H3YYEHHA YCBOSHHS MEHSHHBIX yrnepoaom-14
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MONEKYI B GPIOUIHOM HEPBHOM CILIETEHHA Tapakaua. B 1o e speMst Obita MCIOALIOBAHA BOZMOK-
HOCTE TO3HATE Hem'fopme CTOPOHBL BUHOXMMHYCCKUX HEBNEHHE B HepB}loﬁ TKAHH HICEEOMEIX
ITyTeM HAGMIOASHIA 33 META00IMIMOM HEKOTOPLIX MEYCHEIX COCTHHEHWE B HEPEHOM KOPAE 3TOrO
HACEKOMOTr0, ORMIACTCH, YTO 3TH CBEOCHMA, BOIMOMEO, MPONBIOT HEKOTODBIA CBET HAa NpO-
HUEHOBEHWE M OOCNEAYHIINCEE NOBSIEHHE MONIEKYT HHCEKTHITHIOE B NCHTPATEHOH ]-lepmwﬁ CACTEME
HACEKOMEIX. Pe3yAbTATH ITHX HCCJICHOBAHMHA OCBRINAIOTCA B CBASH ¢ COBDEMCHHBIMH TIOHATHAMIT
o GHIHOMOTHY NO3BOHOYHON HEPBHOH CHCTCMEL

Los radivisjtopos y el sistema nervioso central de los insecios. Las investigaciones sobre fisiologia
del sistema nervioso central de los insectos que. se vienen realizando en Cambridge se han visto
facilitadas por &l empleo de los radioisotopos. El trabajo descrito en Ia presente memoria se refiere
en particular a Ia penetracion de varios compuestos radiactivos a través de la membrana fibrosa v
celular continua que envuelve al sistema nervioso. Se suele admitir que tal estructura, llamada
perilema, actiia como una barrera de difusidn que se opone a la penetracidn de sustancias como los
iones sodio y potasio ¥ la acetilcolina en €l tejido nervioso subyacente. Por otra parte, como ha
indicado Wigglesworth, esta estructura también debe estar diferenciada para que se puedan verificar
los adecuados intercambios de sustancias nutritivas entre el sistema nervioso central y la hemolinfa.
Como esta importante funcién ha sido objeto de pocos estudios, el autor ha intentado Itegar a
comprender dichos procesos de intercambio investigando la absorcién de moléculas marcadas con
14C en el corddn nervioso abdominal de la cucaracha. También ha aprovechado la oportunidad para
adquirir algunos conocimientos acerca de los procesos biogaimicos en el tejido nervioso del insecto;
a tal efecto, estudid el metabolismo de ciertos compuestos marcados en el cordén nervioso de la
cucaracha. Se estima que la informacion reunida puede contribuir 2 explicar la penetracion y el
comportamiento ulterior de las moléculas de insecticida en el sistema nervioso central del insecto.
Los hechos observados se examinan en el contexto de los conocimientos actuales acerca de Ia fisiologia
del sisterna nervioso de los vertebrados.

Research on the physiology and biochemistry of the insect central nervous system has
lagged far behind comparable studies on vertebrate nervous systems. Undoubtedly much of
our ignorance concerning the metabolismn of insect nervous tissue can be attributed to the
difficulties associated with research on small organisms in which, even in the larger species,
the whole nervous system rarely exceeds a few milligrams in weight. In this respect the use
of radioisotopes represents an extremely valuable technique, facilitating the study of processes
lying far beyond the limits of conventional chemical methods.

During the past few years at Cambridge, radioisotopes have been extensively used in
research on some aspects of the physiology of the insect central nervous system. In particular
this work has been concerned with the factors involved in the permeability of the continuous
cellular and fibrous membrane which envelopes the nervous system. This membrane, the
perilemma of SCHARRER (1939), had been found to serve a protective function apparently
limiting the entry of sodium and potassium ions and acetylcholine molecules into the under-
lying nervous tissue (HovLE, 1953; TwaroG and ROEDER, 1956). The presence of this
relatively impermeable sheath made it difficuli, however, to understand how the neccssary
exchanges of nutritive and excretory substances could take place between the haemolymph
and the nervous system (WIGGLESWORTH, 1960).

In an attempt to throw some light on the processes invelved in the permeability of the
nerve sheath, the uptake and metabolism of some Cl4-labelled sugars by the abdominal
nerve cord of Periplaneta americana were studied (TREHERNE, 1960). In these experiments
the increase in radicactivity within the abdominal nerve cord was measured following the
injection of a small amount of Cl4-labelled glecose into the haemolymph. As was to be
expected from a previous investigation on the locust {TrexerNE, 1958) the injected glucose
was fairly rapidly converted to the disaccharide trehalose which accumulated in the
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haemolymph, only very small amounts of glucose remaining in equilibrium with the
trehalose molecules. The level of trehalose in the haemolymph of these cockroaches was
approximately 1.39 g/100 ml, while the concentration of glucose averaged 0.039 gf100 ml.

1t was found that immediately following injection of the Cl4.glucose there was an ex-
tremely rapid rise in radiocactivity in the abdominal nerve cord relative to the haemolymph.
This increase in activity within the nervous systern occurred before an appreciable amount
of the glucose had been converted to trehalose, and thus represented the movement of a
relatively few ghicose molecules of high specific activity into the nerve cord. Following this,
there was a drop in the radioactivity of the nervous tissue resulting from the efftux of Cit-
glucose as the specific activity of this compound in the haemolymph declined due to the
incorporation of glucose molecules as trehalose. This initial rise and fall in activity due to
the movements of the glucose molecules can therefore be regarded as an experimental
artifact, The true entry of radioactive sugars from the haemolymph was thus represented
by the subseguent increase in activity within the nerve cord in which the C4 originated as
trehalose in equilibrivm with the small amount of glucose.

The total influx of C!4 originating as trehalose and glucose in the haemolymph was
calculated to be equivalent to the movement of approx. 65.4 mM Cl4-glucose units/litre
nerve cord water per hour. From experiments on isolated preparations in which only the
monosaccharide molecules were labelled with Cl14, the massive concentrations of trehalose
being non-radioactive, it was found that the influx of the radioactivity originating as ghicose
was roughly equivalent to 4.8 mM;/1 nerve cord water/h. Apparently then, only about 7%
of the C14 passed into the nerve cord in the form of glucose, the greater part of the sugar
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The caleulated influxes of radioactivity in the abdominal nerve cord of Periplaneta americana

@® CH originating as trehalose and glucose in the haemolymph of intact insects;

) CM originating as trehalose and glucose entering connectives isolaied in radivactive haemolymph;

[0 For isolated connectives in saline in which only the glucose (2.19 mM/l} was labelled with C14
the trehalose being non-radioactive.

The fluxes are expressed as mM Cltlabelled glucose units/] nerve cord water
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movements being accounted for by the influx of the relatively large trehalose molecules.
These results mean, in effect, that one molecule of glucose passed into the abdominal nerve
cord for approximately every seven molecules of trehalose. The disaccharide molecules
were, however, about seventeen times more concentrated than those of glucose, which implies
that the individual monosaccharide molecules were in fact passing into the nerve cord at
about 2.5 times the rate of those of trehalose.

In addition to the experiments on the movement of sugar molecules through the perilemma,
some observations were also made on the subsequent metabolism of these compounds within
the central nervous system. This metabolism was followed by separating the extracts of
radioactive nerve cords on paper chromatograms developed in a variety of different solvent
systems. It was found that the extracted C14 ¢could be separated into at least seven peaks of
radioactivity (Fig. 2). Several of these zones were associated with ninhydrin-positive spots
on the chromatograms and were subseguently identified as aspartic acid, glutamic acid,
glutamine and alanine. Appreciable amounts of glucose and trehalose were also detected, in
addition to substantial amounts of a substance occurring at the base line of the chromato-
grams; this was found to be alcohol-insoluble, water-soluble, and to vield only glucose on
acid hydrolysis. This latter substance was presumed to be the glycogen demonstrated by
WIGGLESWORTH (1960} to occur in the nerve cord of this insect.

L GLUTAMINE

109" GLUTAMIC ACID

—ASPARTIC ALANINE
| ACID‘
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DISTANCE OF TRAVEL Cemd
Fig. 2
The distribution on paper chromatograms of radioactivity extracted from cockreach abdominal

nerve cords 3 h after injection of Cl4lahelled glucose into the haemolymph. The chromatogram
was developed with propanolfethy] acetate/water

As has already been pointed out (TREMERNE, [960), the prompt appearance of the Cl4
supplied as trehalose and ghicose in the carbon skeletons of aspartic acid, glutamic acid,
and alanine represents circumstantial evidence for the presence of the Krebs tricarboxylic
acid cycle in the central nervous system of Periplaneta. HESLOP and Ray (1958), using the
labelled-pool technigue of WINTERINGHAM (1956), have identified glucose-6-phosphate and
phosphoglyceric acid in the cockroach nerve cord, so that it is possible that the carbohydrate
metabolism in this system could be linked to the tricarboxylic acid cycle by the conventional
glycolytic pathway.
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The fact that about half the administered C!4 was found to be incorporated as glutamic
acid and glutamine suggests that, as in the nervous tissue of mammals (¢f. McILwaN, 1959,
this very reactive amino acid occupies a central position in the metabolism of the central
nervous systerh of this insect, The linkage with glutamine is of speciil importance, for this
substance must function as an important reservoir of amino-nitrogen in the abdominal
nerve cord of Periplaneta.

Returning to the central theme of these studies, the permeability of the perilemma, it was
rather unexpected that such a postulated diffusion barrier should allow relatively rapid
influxes of Cl4-labelled sugars to occur. In an attempt to throw some further light on the
properties of the perilemma an investigation was initiated on the exchanges of sodium
and potassium ions between the haemolymph and the abdominal nerve cord of Periplaneta
(TREHERNE, 1961). In this study the penetration of K42 and Na24 into the nerve cord was
measured, following the injection of small amounts of these ions into the hacmelymph.
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Fig. 3
The penetration of K42 into the abdominal nerve cord of the Periplaneia americana
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The rate of entry of K42 jons into the abdominal nerve cord is illustrated in Fig. 3, which
shows the change in the specific activity of the potassium in the nerve cord relative to that
in the haemolymph. It will be seen that the exchange of these ions was rapid and complete.
There was certainly no evidence of appreciable amounts of very slowly exchanging or ‘“bound’
potassium such as was postulated to oceur in nerve axons by ROTHENBERG (1950). The influx
of the potassium was calculated to be equivalent to 312 mM/1 nerve cord water/h (Fig. 4),
which was very approximately calculated to represent an influx per unit surface area of
nerve cord of 13.5 X 1012 M/cm? s, Simikar studies using Na24 showed that the calculated
influx from the haemolymph was approx. 320 mM/1 nerve cord water/h which was roughly
equivalent to 13.9 x 10-12 M/cm? s,

The results showing these relatively rapid fluxes of sodium and potassium ions between
the haemolymph and the nerve cord were rather unexpected, in view of the supposition that
the perilernma functioned as a diffusion barrier. Indeed, the calculated influxes for potassinm
ions even approached the values which have been measured for isolated individual cephalopod
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The calenlated influx of potassium ions into the abdominal nerve cord, expressed as mM/1 perve
cord water, derived from the data in Fig. 3

axons (KEYNES, 1951). The possibility exists that these results could be explained in terms
of an exchange diffusion mechanism of the type postulated by UssiNG (1949) by which
anlabelled ions on one side of a membrane are exchanged on a 1:1 basis with the labelled
jons on the other side. In such a system the perilemma might still be impermeable in the
sense that no net ionic movements could occur, However, the work of Topras (1948) has
clearly shown that the total potassium content of the cockroach nerve cord showed a fairly
rapid increase, following a rise in the haemolymph petassium induced by the ingestion of
1.4 N KCL. It must be concluded then that an impermeability of this sort does not play an
appreciable part in this system. The measured fluxes of the Na24 and K42 clearly suggest
that a dynamic rather than a static equilibrium must exist between the haemolymph and the.
central nervous system, and that the concept of the perilemma as a passive diffusion bartier
must be abandoned as far as these substances are concerned. In such a dynamic system the
accessibility of nutritive substances to the underlying tissues of the central nervous system
becomes explicable. The relatively rapid influxes of trehalose and glucose molecules described
earlier, for example, fit in very well with this concept.

These conclusions about the nature of the permeability processes associated with the peril-
emma have some important implications in relation to insect toxicolegy. The possible impor-
tance of the nerve sheath in protecting the insect nervous system from insecticide molecules in
the haemolymph has already been emphasized by WiGGLESWORTH (1956). It is conceivable,
therefore, that this structure might be effective in contributing to some of the dramatic
insecticide resistances which have been acquired by certain species. On the basis of an
impermeable nerve sheath it might have been imagined that such resistance could have been
achieved merely by a rigid exclusion of the poison molecules by such a static system. The
demonstration, however, of the apparent permeability of this ‘structure, which might be
associated with a dynamic ionic regulation, seems to exclude the possibility of a simple
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resistance mechanism of this kind, It seems more likely, in the light of this evidence, that
any exclusion of insecticide molecules from the nerve cells of the central nervous system
must be the result of some ‘active’ processes. The fact that in Rhodnius the celular layer
of the nerve sheath, the perineurium, contains an abundance of mitochondria and a high
content of succinoxidase and non-specific esterase (WIGGLESWORTH, 1958) might suggest
that some localized detoxication processes could occur in this layer. Alternatively, some
mechanism involving an outward secretion of particular toxic molecules might very
tentatively be postulated, for in at least one biological systern, the mammalian kidney
tubule, it has been shown that secretion of a variety of non-physiological molecules can
occur (¢f. SmiTH, 1951).

It is hoped that this brief account of several recent research topics will illustrate some of
the ways in which the use of radioisotopes has affected our conception of certain aspects
of the physiclogy of the insect central nervous system. Whatever the final solutions to the
many problems involved in this subject, it seems fairly certain that technigues involving the
use of radioisotopes will be among the most valuable tools available to future investigators.
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DISCUSSION

T. L. HorkNs {United States of America): Do you think that trehalose undergoes
metabolism and resynthesis in crossing the perilemma, or has trehalose been demonsirated
in the nerve cord?

J. E. TREHERNE: Trehalose molecules entering the central nervous system of the insect
are very rapidly converted to a variety of amino compounds and to glycogen. It is not
possible to say where this metabolism occurs.

P. PELEGRIN (France): Could the movement of sodium or potassium across the perilemma
be connected with hormonal action ? The work done by Morel and Maetz of the Commissariat
4 I’Energie Atomique at Saclay suggests that this may be the case.

J. E. TREHERNE: 1 have not yet tried any experiments on the possible effects of hormones
on sodium or potassium movements in this system. Preliminary studies show, however, that
sodium efflux from the whole central nervous systern may be an ‘active’ process, in that it
can be reduced by the addition of metabolic poisons.

W. KLorT (Federal Republic of Germany): Have you done any experiments with nerve
tissue in various phases of function? I think your techniques will be a very useful tool for
explaning nerve functions.

J. E.TreHERNE: I am, of course, working with the membrane surrounding the whole central
nervous system. ¥ doubt that, with this rather complex system it would be very easy to
interpret results on the effects of different levels of electrical stimulation at this stage. These
experiments are not directly comparable with those on single giant axons, on which most of
this type of work has been done. It may well be worth while to consider such studies, once
the present work has reached a more advanced stage.

D. F. Heats (United Kingdom): As is well known, ionic organophosphorus compounds
and some other pharmacological agents are very much less active against insects than their
non-ionic, lipid-soluble analogues. If the whole neural sheath is freely permeable to ionic
compounds and large water-soluble, oil-insoluble molecules, their effects are hard to explain.
Tt is, however, only necessary to postulate that the synaptic gaps are protecied against such
compounds. (s there anything in your work inconsistent with such an assumption?

J. E. Treuesne: No, there is not, and I think your suggestion extremely valuable. This
is the sort of approach which we may have to adopt for this problem.
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AGRICULTURAL RESEARCH COUNCIL, PesT INFESTATION LABORATORY, SLOUGH, BUCKS.
UNITED KINGDOM

Abstract — Résumé — Anmoranks — Resomen

A study of the phospholipids of Dieldrin-resistant and susceptible houseflics, with particular
reference to those of the thoracic ganglion. A study of the phospholipids of the housefly has been
made because of the possibility that some alteration in membrane structure or active transport is
implicated in thée mechanism of Dieldrin-resistance in insects. The phospholipids of a Dieldrin-
resistant strain of housefly and of a susceptible strain from which it has been derived have been
labelled by feeding the flies on P32-labelled orthophosphate solution for 24 h, and then allowing them
tometabolize the adsorbed P3Lphosphate for periods up to 336 h. Thoracic ganglia have been removed
and the phospholipids separated by chromatography on silicic acid impregnated paper strips.
Four major phospholipid fractions can be separated which appear to be the same as those obtained
from extracts of whole flies. In the case of whole fiy extracts the identity of the fractions is as follows:
fraction I1 phosphatidyl inositol, fraction III lysocephalin, fraction IV a mixture of phosphatidyl
choline and an unidentified phospholipid and fraction ¥V phosphatidyl ethanolamine and phosphatidyi
serine. Fraction 1 consists of non-phospholipid phosphorus-containing compounds. Maximum
labelling of the fractions was obtained after feeding the flies (on glecose and water) for one week after
removal from the P232-phosphate, The distribution of the P32-activity in the separated fractions from
the ganglia of the resistant and susceptible fly showed no significant differences at the time of maximum
labelling. There was, however, some evidence for a slower turnover of P32-activity into the two major
phospholipid fractions {IV and V) from the resistant fly. This was made more obvious when the flies
were fed on milk in addition to glucose and water. Preliminary studies on turnover for much shorter
periods have been carried out on phospholipid extracts from whole flies injected with P32-Jabelled
orthophosphate solution. These have shownamore rapid turnover of Pi2-activity into the phosphatidyl
inositol fraction (IT} in the case of the resistant flies, although in these short-term experiments there
seems to be no difference in turnover into fractions IV and V from the two strains. The possible
significance of the findings is discussed.

Etode sur les phospholipides des mouches commuones sensibles ei résistantes 4 la dieldrine, notamment
sur ceux. du ganglion thoracigoe. On a étudié les phospholipides de la mouche commune, car il est
possible guune altération de la structure des membranes ou du processus de transport actif joue un
réle dans le mécanisme de Ia résistance des insectes & D'action de la dieldrine. Chez une souche
résistante A la dieldrine et chez la souche- mére sensible, on a marqué les phospholipides en nourrissant
les mouches pendant 24 h avec une solution d’orthophosphate marqué au phosphore-32 et en laissant
le métabolisme du phosphate absorbé s’opérer pendant un laps de temps allant jusqu’a 336 h. Aprés
extirpation des ganglions thoraciques, on a séparé les phospholipides par chromatographie sur bandes
de papier imprégnées d'acide silicique. On a pu ainsi jsoler quatre fractions principales de phospho-
lipides qui semblent étre identiques & celles que I'on obtient d’extraits de mouches entiéres. Dans le
cas d'extraits de mouches entiéres, les fraciions sont les suivantes: fraction II, phosphatidylinoesitol;
fraction III, lysecéphaline; fraction IV, mélange de phosphatidylcholine et d’un phospholipide non
identifié; fraction V, phosphatidyléthanolamine et phosphatidyl-sérine. La fraction I consiste en
composés phosphorés auires que des phospholipides. Les fractions marquées au maximum ont été
obtenues lorsque les mouches avaient ét€ nourries au glucose et A I'ean pendant une semaine aprés
suspension de Falimentation au phosphate marqué azu phosphore-32. Au moment du marquage
maximum, la distribution du 32P dans les fractions extraites des ganglions de mouches résistantes et
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de mouches sensibles n'a pas accusé de différences notables entre les deux souches. Certains indices
semblaient cependant montrer que chez la souche résistante l'incorporation du 32P aux deux fractions
principales de phospholipides (IV et ¥) s’opérait plus lentement. Ce phénoméne est apparu avec plas
d’évidence lorsque, au glucose et  P'eau qui constituaient Ja nourriture des mouches, on a ajouté
du lait. On a fait des études préliminaires sur Pincorporation du 32P pendant des périodes beaucoup
plus courtes, en utilisant des extraits de phospholipides provenant de mouches entitres auxquelles
avait été injectée une solution d’orthophosphate marqué au?2P. Ces ¢tudes ont montre que I'incorpo-
ration du?2P 4 la fraction II (phosphatidyl-inositol) était plus rapide chez les mouches résistantes, mais
elles n’ont révélé aucune différence entre les deux souches quant i I'incorporation de cet élément aux
fractions IV et V. Les auteurs du mémoire examinent, a signification possible des résultats obtenus.

Hecnenoranme KOMEATHLX MYX, YCTOBTHERX B ROCHPRAMYARLIX RO OTHOIIEHHIO K dochommnam
AMenapERa W ocobeumo Myx ¢ FPYAEMM rammmem. Mecnenopanue docdommminoe xOMHATHOHN
MYXH BBUIO IPOBSIEHO BBHUIY CYDIECTBOBAHMA BOMOXKHCCTH TOTO, YTO MCX4HU3IM CODPOTHBRS-
MOCTH RUE/NPUHY ¥ HACEKOMBIX BKNIOYAET HEKOTOPHIE M3MEHENRA B CIPYKTYpe MeMGDAKLL HIM
aKTHEHOW TpaHcAOPTHpOBKe. DocthONBHAR YCTORYMBOR DO OTHOMIEHO K JHEANPHHY PA3HOBHA-
HOCTH KOMHARTHON MyXM, 2 TAK¥E € BCCOPHEMYKBON PasROBHIHOCTH, H3 KOTOpoH Gbina NoNnykcHa
YCFOHuMBAA PAIHOBHAHCCTE, OBITH MEq¢HEl NYTEM KOPMICHMS NX B TCYEHHE 24 4acoB MEYEHHARIM
dochopom-32 oprodocdaTHEIM PAcTBOPOM, TOCHE HEr0 MYXH HMEIH BOIMOMHOCTE METAGOmH-
3upoBaTh moraomenuii dochar dochopa-32 B FeseHMe TepHOZA NPONMIKHTENEHOCTHIO A0 336
wacoB. Bar ymasteH TpymHoil rauwrnmd, a gochommmuapt Gpumn pa3neNeHH METOROM XpPOMATO-
rpadHA M3 NONOCKM Oymard, DPCHHTAHARE KPEMHHEBOH KHCIOTOH. MOAHO BWMIAENMTE METHLPE
ocHoBHElE (ocdomAIEANEE (PAKUAE, KOTOPHE, NO-BHAMMOMY, He OTIHYaoTcs OT (pakomi,
DONYYSHHEIX M3 JXCTPAETOR LENBIX MyX. IIpH HCOONB3OBAKHH 3KCTPAKTOB LENEIX MYX COCTaB
dpaxiuu ApnReTca cnexyromwMm: dpaxums 11 — docdaTwrwn nHo3uTa, dpakums TI— mesone-
panus, pakous IV — eMeck gocdaTiamna XONMMAA B HEYCTAHOBREHHOIO Gocdonmmuna u dpax-
A V — (ocharHarn sTaHomamuaa K docdaTnamn cepuna. Ppaxuna 1 cOCTOMT B3 COemRHCHHI,
He comepranmx dochommumanore docdopa. Makcumansupii YposeHb Meuenwus dpaxumit Gwin
FOMy4eH OOCAE TOTO, KAK BCNEA 3a yAanenHeM 13 docdara dochopa-32 MyxH KOPMAIMCH (TIH0X030i
¥ BoAcH) B Tesesme ofmoll Renemi. Pacopefenenue arTusnocTd Gocdopa-32 B pasaeneRsEx dpax-
OHAX W3 TaArnud YCTONYRBOH M BOCOPHHMYHEBOH MYXH HE BEIABHAO KAKMX-yMO0 3HAYMTCIBHEIX
pasmiramii BO BPEMA MAKCHMATBHOTO YDOBHA MEueHMs. OAHAKO HEKOTODHIE MAHABLIS CBHOETENE-
CEBY1OT O TOM, YTO ¥ YcToHUHBOA MyXH OpPORCXOIHIN Dones MeONeHHRIT Hepexod aKTHBROCTH
doctopa-32 B B¢ OCAOBHEE (ochonamupsie ¢paximun (IV 1 V). 210 crano eile Gonee. ouesun-
HEIM, KOT[@ MyX CTAAH KODMETL MONOKOM B JOROMHCHHE K TMokose ¥ Boge. IpegsapurenbHEIC
FCCIEAOBAHUA N0 JHAYATENLHO 6oliee KPATKOBPEMEHHOMY fepexogy ObLNM DDOBCHCHEL Ha doc-
QOMITAAHLIX FKCTPAKTAX A3 LEJERK MyX, B KOTOpHe OBLT BBEACH opToibochaTHLIH PACTBOP, MEICH-
Hell $ocdopom-32. B Bux Tiponcxomwn Gonee ObCTpRIA Nepexoz axTveHOCTH $ocbopa-32 Bo
dpaxmro (11} dochaTHaWNa HHOINTA OPK HCIONLIOBAHAN YCTOHTHBAIX MYX, XOTH BPM ITHX Kpat-
KOBPEMEHHLIX ONBITAX, NO-BAANMOMY, Ee RaGmicancck Pasnnyii B €6 NEPeXOae 13 ofelx pa3Hobn-
sHOCTEH B0 dpaxuwu IV 1 V. B paGore ocBelaeTca BO3MOKHOE 3HAUCHHE HOMYICHEEIX PE3YIRTATOE.

Estudio de los fosfolipidos del ganglio tordcico de moscas comunes, sensibles y resistentes al dieldrin.
Los autores han procedido al estudic de los fosfolipidos de la mosca comdn per considerar que la
resistencia de los insectos al dieldrin puede tal vez estar relacionada con alguna alteracion de la
estructura de las membranas o del transporte activo. Los fosfolipidos de una cepa de mosca cormnin,
resisiente al dieldrin, asi como los de la cepa madre, sensible, fueron marcados alimentando los in-
sectos durante 24 h con uma solucién de ortofosfato que contenia 32P y dejandolos metabolizar el
fosfato absorbido por periodos de hasta 336 h. Los fosfolipidos de los ganglios toracicos extirpados
se separaron por cromatografia sobre tiras de papel impregnado de acido silicico. Pudieron aislarse
cuatro fracciones principales de fosfolipidos que, al parecer, son idénticas a las obtenibles de los
extractos de moscas enteras, en cuyo caso las fracciones son las siguientes: fraccidn I, fosfatidil-
inositol; fraccion 111, lisocsfalina; fraccion IV, mezcla de fosfatidil-colina y un fosfolipido no identifi-
cado, y fraccién V, fosfatidil-etanolamina y fosfatidil-serina. La fraccion I consiste en compuestos
fosforados distintos de los fosfolipidos. El grado de marcacisn mas elevado se alcanzd al alimentar las
moscas con glucosa ¥ agua una semana después de suspender el suminisiro de 32P. En €l momento de
méxima marcacion, [a distribucion del32P en las fracciones extraidas de los ganglios de moscas resisten-
tes y sensibles po revelé diferencias significativas. Sin embargo, ciertos indicios sugieren que Ia in-
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corporacion del 32P se verifica con mas lentitud en la cepa resisiente. Este fendmeno se hizo mas
manifiesto cuando se afiadid leche a Ja glucosa ¥ al agua que constitnia 1z dieta de los insectos. Los
autores han efectuado estudios preliminares sobre la incorporacion del32P durante periodos mucho
més breves utilizando extractos de fosfolipidos de moscas enteras 3 las que se habia inyectado solucién
de ortofosfato marcado con 32P. Fstos estudios han demostrado que la incorporacion del 32P en la
fraccion IT (fosfatidil-inositol) es m4as rapida en el caso de las moscas resistentes, aunque los experi-
mentos a corto plazo no habian revelado diferencia alguna entre Ias dos cepas en lo que se refiere a
la incorporacion del radioniclido en las fracciones IV ¥ V. Los aotores analizan el posible significado
de estas observaciones.

1. Introduction

No satisfactory explanation for the development of resistance by insects to the action of
Dieldrin and its related group of insecticides has so far been advanced. No similar mechanism
to the enzymic detoxication of DDT has been found in the case of Dieldrin. Work at this
laboratory using Cl4-abelled Isodtin, Endrin, Aldrin and Dieldrin [1], the S33-labelled
sulphur analogue of Dieldrin {2] and Cl4-labelled y-benzene hexachloride (y-BHC) [3] on
a strain of Dieldrin-resistant flies, also cross-resistant to y~BHC, and the susceptible strain
from which it was derived has shown that there are no differences in the rates of penetration,
excretion or metabolism of the insecticides by the two strains. In fact the adulis of the
resistant strain, bred with Dieldrin in the larval medium, contain on emergence as much
as 8pg of Dicldrin/fly [3]. This internal Dieldrin is only slowly lost by excretion over the
adult life time of the fly. These facts suggest that the ‘site of action’ of Dieldrin has been
modified in the resistant fly, making it less sensitive to the action of the insecticide. Such
modification might lie in the cell wall, mitochondrial structure etc., resulting in an alteration
of transport across the membrane. Phospholipids are important constituents of membrane
structures and have recently been implcated in active transport of sodium jons [4],
secretory activity of hormones [5], and the transport of y-amino-butyric acid [6]. Very little
work has been done on the phospholipids of insects. Reports have appeared on the phospho-
lipids of bee brain [7], Drosophilz {&] and the blowfly [9]: considerable quantities of phospho-
lipids have also been reported in blowfly sarcosomes [10]. A private communication from
Dr, 8. C. Chang of the Department of Entomology, University of Illinois indicates that
he has also made a study of the phospholipids of the housefly and his identification of the
phospholipid fractions appear to be similar to those presented in this paper.

. Experimental
The following strains of housefly (Musca domestica) have been studied:

S-STRAIN

Susceptible strain reared at this Iaboratory, without any previous contact with an
insecticide.
MVS-STRAIN

Obtained from Dr. J. R. Busvine and originally collected from Omdurman (Sudan).
In spite of a history of Dieldrin-resistance and of being more resistant than the S-strain it
was used in most of the experiments as the susceptible strain, for comparison with the
more resistant strains derived from it.
R-sTRAIN

Obtained from the MVS-strain by applying Dieldrin pressure. Stock maintained under
continuous pressure by incorporating 150 ppm of Dieldrin in the larval medium. This
strain showed a high level of resistance to both Dieldrin and y-BHC.

10*
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RND-STRAIN

Obtained from the R-sirain by omitting Dieldrin pressure. Showed a slight drop in
resistance on initial removal of pressure but no subsequent Fall on continued breeding
in the absence of Dieldrin.

For experiments in which the phospholipids of the thoracic ganglia were studied, groups
of 30 two-day-old female flies were fed on a glucose solution containing 0.5 mc of P32-labelled
‘carrier-free’ orthophosphate (obtained from the Radiochemical Centre, Amersham) in
aerated glass chambers at a temperature of 26—27°C [11]. After 24 h the flies were lightly
anaesthetized with cyclopropane and transferred to musiin-topped, 7-1b jam-jars where they
were fed on glucose and water or on milk, glucose and water, During milk feeding the milk-
swab was changed daily. At various intervals after removal from the active phosphate,
samples of flies were taken, lightly anaesthetized with cyclepropane and mounted on their
backs on microscope slides with a spot of paraffin wax. The flies were allowed to recover
from the anaesthetic, and the thoracic ganglia were dissected out as rapidly as possible under a
binocular. Each dissected ganglion was immediately placed 10 ¢m from the end of a silicic-
acid-impregnated strip of Whatman No. 1 filter paper, moistened with a drop of 3:1
ethanol: ether mixture and lightly crushed with a glass rod. The strips were developed with
di-isobutyl ketone: acetic acid: water (40:30:7 v/v) [12] by ascending chrematography at
25°C for 72 h. The strips were air-dried, and the P3Z-activity detected in a 4x scanning
device [13] by which both sides of 1-cm sections of the strip were exposed to Geiger-Miiller
tubes and the counts recorded on a printing scaler. After correction for background, para-
lysis and decay, a direct measure of the distribution of the P32-activity along the strip was
obtained.

In the experiments in which whole flies were studied, flies were injected with 1pl of P32-
labelled ‘carrier-iree’ orthophosphate solution neutralized with sedium bicarbonate, left for
periods up to 6 h after the injection, and the water soluble phosphorus fraction and phospho-
lipid fraction extracted [14]. Chemical estimations of phosphorus were made by digestion
in perchloric acid, the phosphate being determined by a modification of the Fiske-Subbarrow
method [15] and also by neutron activation analysis of the chromatograms run on the
phospholipid extracts,

HI. Results and discassion

The radioactivity separated by the chromatographic procedure described above could
be divided into five major fractions. Although these have not been identified positively in
the case of the chromatograms run on the ganglia, their position on the chromatogram, their
relative size and their speed of turnover make it likely that they are identical with the
phospholipid fractions obtained from the whole fly, which have been identified by a variety
of hydrolytic, chemical and chromatographic procedures. Fraction I which remains at the
point of application consists of non-lipid phosphorus-containing compounds. By analogy
with the fractions obtained from the whole fly, fraction II is phosphatidyl inositol, fraction 111
lysocephalin, fraction 1V a mixture of phosphatidyl choline and an unidentified phospholipid
which appears to be a sphingomyelin-like substance but with ethanolamine replacing the
choline, and fraction V a mixture of phosphatidyl ethanolamine and phosphatidyl serine.
Table I gives the distribution of P32-activity in these fractions at different times after removal
from the source of P32-phosphate, the flies being fed on glucose and water only. These
figures indicate that maximum labelling is reached in all fractions within one week, and
that there is then no significant difference between the RND- and MVS-ganglia in the
distribution of activity in the various fractions. Using the distribution of activity at the
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time of maximum labelling as.a measure of the chemical amounts of phosphorus in the
fractions it is possible to calculate the ratio of the specific activity of the phospholipid
fraction to the specific activity of the non-phospholipid fraction. These values are shown in
Table IT and suggest a slower rate of incorporation of the P32 into the phospholipids of
the ganglion of the RND-fly. Both fractions IV and V show this effect.

TapLe 1

DISTRIBUTION OF P32-ACTIVITY IN PHOSPHOLIPID FRACTIONS SEPARATED FROM
GANGLIA OF RND- AND MVS-HOUSEFLIES

Thue after _—Tm.a[ radicactivity on chromatogram (%) Radioactivity of phospholipid fractions {54)
;je?:%%:}m Strain of 8y Fraction Fraction
I HioV 1 n v v
0 MVS 67.3 327 10.1 1.3 40.2 48.4
RND 69.4 306 9.6 25 38.6 49.3
24 MVS 56.1 43,9 6.9 1.8 38.7 52.6
RND 589 41.1 7.2 1.7 40.2 309
MVS 53.6 46.4 5.6 1.7 34.6 8.1
RND 52.8 47.2 51 L5 327 60.7
168 MVS 48.0 52.0 4.4 1.1 29.5 65.0
RND 47.3 52.7 4.5 1.0 29.0 65.5
336 MVS 48.7 51.3 4.4 1.2 28.5 65.9
RND 48.2 51.8 39 1.2 28.1 66.8
TasLe I

RELATIVE SPECIFIC ACTIVITIES OF THE PHOSPHOLIFID FRACTIONS TO THE NON-

LIPID PHOSPHORUS FRACTION FOUND IN GANGLIA OF RESISTANT AND SUSCEP-

TIBLE FLIES AFTER FEEDING FOR 24h ON PZ.ORTHOPHOSPHATE AND, SUB-
SEQUENTLY, ON GLUCOSE AND WATER

Time after removal ‘Total phospholipid Fraction IV Fraction ¥
from active phosphate

(h) MVS RND MVS RND MVS RND

0 A6l 400 638 593 343 329

24 752 687 1.040 1.000 614 5339

43 .B32 828 1.000 D83 759 767

1638 1.039 1.049 1.090 1.096 1.045 1,052

336 994 1.000 1.015 1.018 1.010 1.020

This slower rate of turnover was shown more clearly when the flies were fed on milk in
addition to glucose and water. In this case the specific activity of the non-pbospholipid
fraction fell rapidly, the 24-h and 336-h values being 50%; and 109%; respectively of the zero
time value. When values for the ratio of the specific activity of the phospholipid fraction
to that of the non-phospholipid fraction were calculated they again suggested a difference
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between the strains. In this case a slower loss of P32-activity from the phospholipids of the
RND-strain is apparent, which is shown by both fractions IV and V (Table III).

TasLE IIE

RELATIVE SPECIFIC ACTIVITIFS OF THE PHOSPHOLIPID FRACTION TO THE NON-

LIPID PHOSPHORUS FRACTION FOUND IN GANGLIA OF RESISTANT AND SUSCEP-

TIBLE HOUSEFLIES AFTER FEEDING ON P2ZORTHOPHOSPHATE FOR 24 h AND,
SUBSEQUENTLY, ON MILK, GLUCOSE AND WATER

Time after removal ‘Yotal phospholipid fraction Fraction IV Fraction V
from active phosphate

®) MVS l RND MVS RND MV RND

4 461 400 (P < 0.05)* 630 539 363 322

24 796 B33 (P 0.6) 948 982 733 J70

43 968 1.093 (P 0.2} 1.330 159G 793 878

168 1.201 1333 (P 0.1 1.570 1.620 1.073 1.135

336 1.428 1.684 (P < 0.001) 1.840 2.030 1.340 1.640

* Figures in paranthesis indicate the levels of probabllity P of the significance of the differences between the MVS and
RND values, as estimated by the 1 test.

By the nature of the experimentation used comparisons could only be made between the
phospholipid fractions of the ganglion with slow turnover. No information on the relative
turnover rates of the phosphatidyl inositel fraction (1I) could be obtained, as it had reached
its maxiommm activity within the 24-h labelling period. It was also a very small fraction
making accurate assay difficult. However, some preliminary short-term turnover studies
have been made in which P32-orthophosphate solution was injected into fiies, and the
activity incorporated into the phospholipids of the whole fly measured up to 6 h after
injection. In these experiments no difference was found in the relative rates of incorporation
of P32into the phosphatidyl choline and ethanclamine fractions of the resistant and susceptible
flies. However, a more rapid incorporation into the phosphatidyl inositol and theunidentified
fraction, possibly the ethanolamine analogue of sphingomyelin was found in the case of the
resistant fly. The ratio of the specific activity, determined by direct estimation, of the
phosphatidyl inositol fraction to that of the water-soluble fraction 6 h after injection was
found to increase with increasing resistance of the strains (Table 1V). It is hoped to extend
the turnover studies on the ganglia to cover shorter periods of time.

TaBlE IV

RATIO OF SPECIFIC ACTIVITY OF PHOSPHATIDYL INOSITOL FRACTION TO SPECIFIC
ACTIVITY OF WATER-SOLUBLE PHOSPHORUS COMPOIUNDS 6 h AFTER INJECTION
OF P3.0RTHOPHOSPHATE

ap. activity of_ phosphatidyl inositol {
Strain of fiy LDy pg v-BEC/fly sp. activity of water-soluble
phosphorus compounds

8 031 223
MVS 114 252
RND 1.73 270

R 13.0 -293
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While it is premature to suggest that these small differences in phospholipid turnover are
directly connected with the mechanism of Dieldrin-resistance it is interesting to observe
that they are consistent with the concept of some change in membrane permeability. The
routes for the enzymic syntheses of the phospholipids as found by various workers [16—19]
using a range of vertebrate preparations is summarized in Fig.1: If the turnover of

GLYCEROL CHOLINE
(ETHANDLAMINE)
[~ ATP ATP
N ADP ADP
« —BLYCEROPHOSPHATE PHOSPRDRYLCHOLINE
CETHANOLAMIKE)
~~ 2AcylCoA ~ CTP
e 2Co ASH [ PYROPHOSPHATE
PHOSPHATIDIC ACID CYTIDINE OIPHOSPHATE - CHOLINE
PHOSPHATE CETHANOLAMINE)
c1e ADP _
PYROPHOSPHATE ATP DIGLYCERIDE
CYTIDINE
DIPHOSPHATE - DIGLYCERIDE
INOSITOL /"CERAMIDE
PHOSPHATIDYL CHOLINE
AMP CETHANOLAMINE) e CMP
PHOSPHATIDYL INOSITOL SPHINGOMYELIN
Fig. 1

The routes for the enzymic syntheses of the phospholipids using a range of vertebrate preparations

phosphstidyl inositol is more rapid in the resistant fly, it could mean that the formation of
cytidine-diphosphate-diglyceride is favoured, together with a more rapid turnover of phos-
phatidic acid and a reduction in diglyceride concentration. This, in turn, could favour the
formation of sphingomyelin or its ethanclamine analogue at the expense of phosphatidyl-
choline or ethanolamine formation. Such an explanation would fit all the observations made
10 date, with the possible exception of the failure to find any difference in the rates of labelling
of the phosphatidyl choline and ethanolamine fractions during the short-term turnover
experiments, It seems likely, however, that this latter difference would only become apparent
in the long-term turnover studies because of the much larger amounts in which these
fractions occur, as compared with the phosphatidyl inositol-fraction. The turnover of
phosphatidic acid has been associated with active sodinm transport [4], so that the above
observations could reflect a modification of some membrane structure in the resistant
fiy.
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DISCUSSION

THeE CHairMaN (F. P. W. Winteringham, United Kingdom): After this penectrating
exposé, it is encouraging to know that at last one, or possibly two, workers are coming
to grips with the problems of lipid metabolism in insects. Some of our most important
insecticides such as DDT, Dieldrin and BHC are, after all, highly oil-soluble compeunds,
and it would be in the lipid phases of the living tissue that we would expect them to accu-
mulate. And yet we know far less about the metabolism of lipids than about almost any
other branch of insect metabolism,

J. E. TReHERNE (United Kingdom): It would be interesting to know how mmuch of the
phospholipid content is sitnated in the cells associated with the nerve sheath, and how much
in the glial cells and the axons. Would you have enough specific activity to de-sheath the
thoracic ganglion and determine. the phospholipid content of the cellular perineuriumn? This
would, I imagine, require a high specific activity of P32,

R. G. BRIpGES: The level of activity may be high enough for the de-sheathed ganglion
to be examined. We realize, however, that the approach at the moment is rather a gross one.

J. E. TREHERNE: You mentioned an association of phospholipids with sodium movements.
Do you imagine that the effect of these lipids is upon passive sodiom influx or upon some
sort of sodium pump ?

R. G. Bringes: No. Increased turnover of phosphatidic acid has been associated by
Hokin and Hoekin with active sodium transport. Mullins has suggested that yv-BHC blocks
a lipoprotein membrane, It seems possible to extend his idea to the cyclodiene insecti-
cides and to consider that a slight modification of the membrane structure could cause
resistance to the insecticide. Such a modification might then affect the passive Na influx,
and in order to maintain the normal ionic levels within the nerve the active transport would
have to be modified. I think that the differences in phospholipid turnover reported here may
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reflect such a modification in the active transport system in the resistant fly, as a result of
some membrane modification.

Tue CHalrMAN: I wonder whether Mr. Bridges would like to comment on the possible
significance of the ethanolamine analogue rather than the choline analogue in the insect.

R. G. Bripges: It does indeed seem rather strange that we have in the insect a much larger
amount of the phosphatidyl ethanolamine than has been reported in any mammalian tissue,
and of note also is the interesting possibility that we have the ethanolamine rather than the
choline analogue of sphingomyelin. But I should not like to comment on its significance.
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Abstract — Résumé — AmpgoTanmus — Resumen

Studies on the persistence, decay and distribution of radiophosphorus in grasshoppers and the
Madeira cockroach. Three species of grasshoppers and the Madeira cockroach were labelled with
P32 for persistence, decay and distribution studies.

The persistence of P32 in the grasshoppers and the Madeira roach was detected in measurable
quantities beyond 30 days, whilst the biclogical half-life was found to range from 6.8 to 7d in grass-
hoppers and 8.5 to 10 d in the Madeira roach.

Radiophosphorus, when introduced into test insects in reasonable quantities, showed no toxic or
detrimental effects on any stage of development of the insects.

P32 was found in the cast skin and the otithecae of the Madeira roach. Very small amounts of
radivactivity were found in the egg capsules of the grasshoppers but not in their exuviae.

The distribution of P32 in both insects (grasshoppers and the roach) was very similar after 48 h.
The distribution study was also checked by radioautograph techmiques. The radioautograph plates
revealed that the concentration of the isotope was greatest in the region of the hind gut and the
metathoracic legs.

Etudes sur Ia petsistance, ka désintégration et la distribution du radiophosphore chez la sauterelle et
la Blatte de Madre. En vue d’études sur la persistance, 1a désintégration et la distribution du radio-
phosphore, Pauteur a marqué au 32P trois espéces de sauterelles ainsi que des blattes de Madére.

11 a pu constater la persistance du 32P en quantités mesurables chez les sauterelles et la blatte de
Madeére aprés 30 jours, et il a déterminé que la périede biologique se situe entre 6,8 et 7 jours chez
les sauterelles et entre 8,5 et 10 jours chez 1a blatte de Macdére.

Le radiophosphore introduit en quantiiés appropriées dans des insectes de laboratoire n'a d” effets
toxiques (ou nocifs) 4 aucun stade du développement des insectes.

Lrauteur a trouvé du 32P dans les dépouilles et les oothéques des blattes de Madere, et detrés faibles
quantités de radicactivité dans les capsules des eufs des sauterelles, mais aucune trace dans leur
dépouille.

Chez les deux insectes (sauterelle et blatte), il a observé une distribution do 32P tout 4 fait analogue
uprés 48 h. L'émde dela distribution a &té aussi vérifie par des méthodes dautoradiographics. Les
autoradiographies ont révalé que ka concentration deI'isotope étaitlaplus forte dansla partie postérieure
du tube digestif et dans les paties du métathorax.

Hecrenosanas yeroiiMHBOCTA PAcHaa W pacnpefeseaRs PASRCAKTABHOIG HiOTemA $ochopa ®
capaEde B B MadefipckoM TApaxade. TpH BHAA CADAHYH M MaZelipckoro Tapakasa ObITH MEYEHR
thochopom-32 © NENBI0 NPOBEISHHMS HCCNSHOBAHHI yCTOWYMBOCTH pacoana H pacHpefe/eHHR
ITOI'0 M3IOTOTA.

Kax Goino ycTaHOBEHO, yerofmupocers dochopa-32 B capanse u MafleHpckoM Tapakawe B
MIMEPAMLIX KOMTHIECTBaX Npeskmmanz 30 need; 0XHOBPEMEHHO OnLIO OBHapyxeHo, 4TO OHOROrM-
weckmii TMOMYIISPHMOL JKA3AM Y capanyd pased 6,8—7 ORaM H y MaAcHpcKoro Tapakawa —
8,5—10 nusM.

BeRefeHHBI B NOAOHLITHME HACEKOMEIE B Da3yMBEBIX KOAMYECTBAX PASHOAKTARERA H30TON
dochopa He OOHApPYRMI TOKCHYECKWX (HH BpPelAEIX) CBOHCTB HM M2 KAKOH CTAOHH DA3BUTHR
RACEKOMELX.
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Dochop-32 OeUT obHApYXeH & cOPOIICHHOM HAHUMPE W CKOPUIYOE AHI MaACHpPCKHX TapaKaHOB.
OuyeHb HEDOABIING KOVIMUSCTEA PRAHOAKTUBHOCTH ObLmM OOHApYXEHBE B CKOPJYIE AHU CAPaHuM;
B HX CODOMIEHHEIX MOKPOBAX PAAMOAETHBHOCTH OOHADYXEHO He DRUTO.

Pacopenenemue docpopa-32 B ofoMX HaceKOMEIX (capamde M TapakaHe) O HoTeuendu 48
YACOB ABNANOCE OOBONBHO AaHANOTHIHEIM. Pacnipemenenne dociopa-32 GLUTO TAKKES 3aPErdcTPHpPO-
BaHO OPH TOMOLIM MEeTOAa pagnoaBTorpadmnd. Pagnoakrorpadurieckue MIACTHABL OO3BOMMITH
OGHAPYXKHTE, UTO XOHUSHTPAUWA HM3OTONA AOCTUINA HAWOONBIIeH BeIMTHHE! B paltoHe 3aHed
KMEOKA M METATPYAHBEX [am,

Estudios sobre la persistencia, desintegracion y distribacién del fosforo radiactivo en los saltamontes
¥ en la cucarachade Madeira, Tresespecies desaltamontes ¥ cucarachas de Madeira se han marcadocon
32P a fin de estudiar la persistencia, desintegracion y distribucitn de este radioisdtopo.

En los saltamontes ¥ en la cucaracha de Madeira, el 32P persiste en cantidades mensurables después
de mas de 30 d; el periodo medio biolégico oscila entre 6,8 y 7 d en los saltamontes y entre 8,5 ¥
10 ¢ en 1a cucaracha de Madeira.

La introduccién de cantidades moderadas de fésforo radiactive en los insectos experimentales no
produce efectos perjudiciales {toxicos ¢ de otra indole) en ningunra fase de desarrollo de los insectos.

Se ha encontrado 32P en los caparazones desprendidos ¥ en las ootecas de las cucarachas de Madeira.
La radiactividad hallada en las cdpsulas de fos huevos de saltamontes ¢s muy reducida, en tanto que
es nula en los tegumentos desprendidos.

La distribucién del 32P en ambos insectos (saltamontes vy cucarachas) es muy parecida al cabo de
48 h. El estudio de la distribucién se ha completado por deierminaciones autorradiograficas. Las
placas obtenidas demuestran que la concentracion del isotopo €3 més elevada en la parte inferior del
intestino ¥.en las patas metatoricicas.

Introduction

Among the various nutrients of insect food, phosphorus occupies an important place
particularly due to its vital role in the process of metabolism. Because of its other advantages,
radioactive phosphorus was chosen to label orthopterous insects such as grasshoppers and
the Madeira cockroach for determining the persistence and mode of biological decay of the
radioclement in the insect body.

The techniques followed for labelling insects and measuring their radioactivity in vive
were the same as described previously (HUQUE and MYSER, 1959).

Persisience of P32 in grasshoppers

Three species of grasshoppers, Melanoplus differentialis, Melanoplus femur-rubrum and
Dichomorpha viridis, were labelled with P32 through bean plants., The radioactivity was
measured in vive for a period of 30 d and the radioactive content of the grasshopper was
found to decrease rapidly during the initial days following treatment (Table 1). After 20 d,
the rate of biological decay declined, the residual activity remaining measurable with a
Geiger counter. The physical law of decay is not the only factor which determines the level
of radioactivity within the animal body, since radioactive material may further be lost
through egestion, salivation and excretion. When the composite net-counis (the mean
values of corrected mean counts for a set of similar experiments) for grasshoppers of the
same size, age and sex were plotted against time on semilog graph paper, the maxima formed
a straight line. This graph, when compared with one showing natural physical-decay alone,
shows clearly that excretion contributes to a relatively more rapid loss of radioactivity.
The biological half-life of P32 in the three species of grasshoppers as determined from the
graph varied from 5.6 to 74d.
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158 H. HUQUE

Following ingestion of radioactive leaves, the tested species of grasshoppers showed an
average initial activity of 6799, 4190 and 3241 net counts/min, respectively. After a period of
30 d these net counts fell to 135, 125 and 100 counts/min. Without loss of material through
excretion from the animal body, the count rate would decrease in exact accordance with

the physical decay of P32,

Persistence of P32 in the roaches

In another experiment, P32-Iabelled adult and fourth-instar nymphs of the Madeira roach,
Leucaphaea madeira, retained an appreciable amount of radioactivity beyond 30 d. The
mode of decay of P32 followed almost the same pattern as with the grasshoppers. The bio-
logical half-life of P32 in the fed roaches was found to be about 8.4 d and in the injected
roaches about 10 d (Table II).

Distribution of P22 in the grasshopper

The distribution of P32 in the different grasshoppers was determined after feeding the
insects on *hot” plants, and sacrificing them at intervals of 48 and 72 h. The former allowed
sufficient time for the radioisotope to become distributed in the tissues. The insects were then
killed and weighed, and the radioactivity in the whole insect determined. Such parts of the
body as the head and antennae, the thorax, abdomen, wings and legs were separated care-
fully, and their weight (in mg) noted. Each part was then placed in an aluminium planchet,
and its radioactivity determined. The specific activity, i.e. the count rate per minute per
milligram of hody weight for each treatment, was recorded. The same procedure was
adopted for assaying the radioactivity in the different parts of the grasshopper body after
72 h. Except for a greater concentration in the abdominal region, P32 appeared to be fairly
uniformly distributed. After 48 h, the specific activities of the head, thorax, abdomen, legs
and wings of the different grasshopper species were found to be 3.0, 2.0, 18.1, 2.5 and 3.7
cpm/mg respectively (Table III). Percentage losses of specific activity during the following
24 h from the thorax, abdomen, legs and wings were found to be 20%, 30%, 4% and 87,
respectively; no loss was observed from the head portion.

Distribution of P32 in the roach

In the case of Madeira roaches fed on dog biscuit impregnated with a few microcuries
of P32, and dissected after 48 h, the head, thorax, abdomen, legs and wings were assayed for
radioactivity (Table IIE). They all showed depletion of specific activity in the following 24 h.
Percentage losses of specific activity from the head, thorax, abdomen, legs, and wings
amounted to 10%, 30%, 16%, 10%, 9% and 22%, respectively. From these observations
it seems likely that P32 enters the metabolic pathways and follows the same pattern in both
these orthopterous insects, and hence follows a similar mode of decay.

P32 distribution study by radioautography

Attempts were made to check the distribution of the radioelement in the different grass-
hoppers and in the Madeira cockroach. The radioautographic plates gave a general idea
of distribution. Both in the grasshoppers and the roach, P32 was found in all body parts, but
the concentration was greater in the region of the hind gut and the metathoracic legs.
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P32 in exuviae

The cast skins of radioactive grasshoppers and Madeira roach nymphs were assayed for
radioactivity; no trace of P32 was found in either case. These results compare favourably
with the findings of FULLER ef, al, (1954} on Commnula pellucida. Contrary to these obser-
vations, KETTLEWELL (1955) reported that the exuviae of desert locust nymphs did contain
a very small amount of P32,

P32 in egg capsules

Egg capsules of tagged grasshoppers and roaches were also examined for radivactivity.
1t was found that the othecae of the roaches were free from radioactivity, but the individual
egg capsuales of the grasshoppers registered 15—20 counts/min above the background. This
observation is in contrast to that of BABER er. al. (1956), who reported that the obthecae of
radioactive German roaches were very flaccid and contained no eggs, but registered counts
of several hundred per minute.

Mortality due to P32

KETTLEWELL (1955) while working with the desert locust nymphs reported increased
mortality among the tagged hoppers of Schistocerca gregaria, and attributed it to P32, In the
present study, several hundred adults and nymphs of grasshoppers and Madeira roaches were
tagged; P32 did not appear to affect the life-span of the test insects.
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DISCUSSION

TuoE CHAIRMAN (J. Treherne, United Kingdom): I wonder if T might ask a question
before we start the general discussion? Have you considered the possibility of studying the
distribution of the P32 in the body of the insect at successive intervals, starting after a very
short time, in order to build up a dynamic picture of its accumulation ?

H. Huque: I did not work precisely along those lines because the purpose of my experi-
ments was not so much to make a physiological observation as to see how Ilong the tag
persisted, with a view to undertaking ecological studies such as work on migration and
dispersal.

W. KLoFT (Federal Republic of Germany): You give the biological half-life of P32 in
grasshoppers as being 6.8 to 7 d and as 8.5to 10 d in the Madeira roach. How did you
Imeasure your insects iz vivo, at what intervals were the measurements made, and how many
measuring points were taken?

H. Huque: There is very little published data on techniques for in vive measurements on
radioactive insects. However, for the present studies, a special device was developed to
hold the radioactive insects under the end-window of the GM tube. Pillboxes of diam. 1.5
in and 0.5 in deep were chosen to confine the radioactive insects separately, The bottom of
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each pillbox was fitted with a foam-rubber pad to prevent the insect from moving about
and, also, to hold it snugly against the nylon cap in the top of the box. A comparative study
was then made to ascertain the efficacy of in vive measurement of intact insects in piflboxes
as against measurement of nitric-acid digested insect residues in aluminium planchets. The
differences in specific activity varied from 0 to 6%. Measuring the activity of insects in
pillboxes was, therefore, an accurate and effective technique for ir vive measurements.

Each measurement was continued for long enough to avoid a standard error of more
than + 5%;.

W. KLorT: The biological half-life values for P32 seem to me to be somewhat long, and,
as T intend to show in the following paper, there exists a great source of error through the
possibility of cuticular excretion of P32 with a subsequent apparent increase in the counting
rate. In my experiments with ants, termites, bees and aphids I always found a very short
biological half-life-——only about 30 h in the case of aphids, for exampie.

H. Huque: Nevertheless, my findings are in very good agreement with those of BABER
et al. in 1956, who found the biological half-life of P32 in the adult German cockroach to
be & d. RADELEFF ef. al. in 1952 reported that the biofogical half-life of P32 in the screwworm
fly was approximately 7 d, but indicated that there was considerable variation.

W. Krorr: I have measured the biological half-life of P32 in Celliphora, and have
evidence to show that, because of the source of error to which L'have referred, the biological
half-life can zppear longer than the physical—which is, of course, impossible. 1 think we
should be sceptical of all biological half-life values for P32 given in the literature, because most
of the authors appear unaware of the continuous cuticular excretion. '

H. Huqur: For mosquitoes the half-life has been calculated, according to the literature,
to be something like one to two days and considerable variations have been recorded
for other insects.

D. W. JenkiNs (United States of America): The work that Dr. Huque has reported is
extremely valuable in ecological studies, and I was very interested to hear it and to compare
it with that of others.

Dr. Huque mentioned Baber’s work. Baber’s work in determining biclogical half-life in
the German cockroach was based on injection of P32 in the adults, and he found that the
half-life in the male was 9 d and in the female 14 d. Some excelient work has been done in
the USSR, showing that the biological half-life in the same roach was 3 d. Here, the P32
was fed internally. It is extremely important to determine these half-lives; for example,
Dr. Hassett and 1 found that with zirconium-95—we were trying toe obtain a good
v-emitter—the biological half-life was only 1 d, while the physical half-life is 65 d.

Perhaps the physiologists could help us on the following difficult subject: in determining
a half-life, it is necessary to have some sort of standardization of the amount of radioisotope
given to the insect. You could give 1 me to a roach and it would probably get rid of most
of it within a day. On the other hand, you could also give 0.5 j1c, and the whole amount
might be retained and physiologically taken up. I think I have accumulated all the available
data on biological half-life, and I am quite sceptical as to what it means until we get some
firm basis for the initial dose. 1 should like to hear Dr. Winteringham’s views on this.

F. P. W. WINTERINGHAM (United Kingdom): This is indeed a problem of interest to
ecologists, physiologists and biochemists alike, and T agree entirely with Dr. Jenkins on the
rather urgent need for some clarification of our terms in this matter.
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Firstly, we must be careful to distinguish between biological and radioactive half-life.
1 suggest that biological hali-life should relate only to the chemical elemsant, all measurements
by tracer being automatically corrected for radicactive decay. Otherwise we shall find our-
selves in the position of reporting different biological half-lives of a particular element—say
sodium—merely because different workers have used different isotopes, e.g. NaZ2 and Na24,
For ecological studies we are of course concerned with effective measurable radicactivity.
This will indeed be a function of biological and radioactive half-life.

I would dispute Dr. Jenkins® suggéstion that biological half-life would be influenced by
radioactive dose in terms of microcuries. I am sure he will agree that biological half-life will
be a function of chemical dose rather than radioactive dose. For example, if one provided,
say, 0.5 pe of P32 in the form of 10 mg of inorganic phosphate, I think this would be lost
rather rapidly by the cockroach. If, on the other hand, one provided 10 mc of P32 as 102 pe
of inorganic phosphate, it would be retained a long time. Finally, I would mention that
biological half-life will depend on the conditions of the experiment. Thus, the persistence
of P32 in an insect will be. greatly influenced by whether or not phosphorus is present in the
diet. If one is feeding the insect on its normal phosphate-containing diet the radioactive
phosphate tends to be exceeted, because it is almost flushed out of the system, so to speak,
by the continual provision of dietary phosphate. If, on the other hand, the adult housefly
is deprived of phosphate (after giving it radioactive phosphate), it will retain a very high
percentage for a very long time, and the biological half-life thereby becomes very much
greater,

All these things should, I think, be borne in mind, and I shall be interested to hear further
comment on this very important matter.

J. HaveerstaDT (IAEA, Scientific Secretary): Perhaps it would be useful to repeat some
of the experiments with P33, which is available now, and make a comparison with P32,
Perhaps somebody could comment on this.

F. P. W. WINTERINGHAM: Many biologists probably do not realize it, but every time one
uses P32, one almost certainly uses P33 as well, Fortunately, it does not detect very easily,
having a much slower B-emission than P32, But Dr. Halberstadt’s suggestion is an excellent
one, and I think it would illustrate the point I just made. That is, if one measured the
biological half-life by P32 and P33 respectively, we should—provided we use the correct
interpretation of biological half-life—find no difference in the result, We should, of course,
find a difference in practice, becanse P33 has a much longer radioactive half-life and the
insect would therefore appear to retain its radioactivity over a much longer period.

THE CHAIRMAN: May I ask another quzstion ? What advantage did you gain from feeding
the phosphorus viz the leaf as distinct from injecting it? I should have thought injection
would have been more economical and would probably have yielded higher specific activity,
in addition to which you would have been able to control the dose more accurately.

H. Huque: As I mzntioned before, the purpose of tagging the insects was to see how long
the tag persisted. This being so, the feed methed, by which you can label many insects and
select for your work those having absorbed the most radioactivity, seemed to me to be more
convenient than the rather tedious and cumbersome injection method.

D. F. Heata (United Kingdom): I should like to extend Dr, Winteringham's statement
a little. Provided that the tracer used is in a chemical form which is also found ir vivo, and
the chemical dose is small compared with the natural pool, the half-life should be independent
of dose. For example, a few micrograms of P32-phosphate in a large Insect soon become
part of the much greater natural phosphate pool, and the excretion of P32 is completely

11
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controlled by the loss of natural P. At sufficiently low chemical doses, therefore, the half-life
should be independent of dose and strictly reproducible.

H. Hugus: I quite agree both with you and with Dr. Winteringham.

W. Krorr: I should also like to add to Dr. Winteringham’s statement, As I indicate in
my second paper, we have shown in aphids that the biological half-life of P32
follows two different rates. First, there is excretion of unbound inorganic phosphate, giving
a short half-life; then, as there is subsequently only excretion of metabolic phosphate, we
have a longer half-life in the second phase. Once labelled, the aphids were exposed to con-
ditions of continued uptake of unlabelled phosphorus, as I shall report later.



TECHNICAL PROBLEMS OF RADIOISOTOPE
MEASUREMENT IN INSECT METABOLISM

W. KLoFT
INSTITUTE OF APPLIED ZOOLOGY, UNIVERSITY OF WURZBURG
FEDERAL REPUBLIC OF GERMANY

Abstract — Résumé — Amsoranus — Resumen

Technical problems of radioisotope measurement in insect metabolism. In studying metabolism-
reactions or the transfer of substances in insects by radiation measured from the outside, one must
take into account many factors which influence the result. Of special importance are the absorption
and the back-scattering in the relatively thin and also inhomeogencous tissue-layers of the insects.
A direct method for determination of the absorption coefficient for B-radiation of various types of
tissue will be specified. In addition to this it is necessary to take off the exterior tissue layers which have
to be examined. The change of intensity of radiation that is caused by this procedure can then be
examined. By an indirect method, the former rate of impulses is re-established by interposition of
aluminium foils of known thickness in mg/cm?. The data of the saitable absorption filters for substi-
tation will be transferred to the tissues. After detection of the absorption coefficient for the tissues
{especially the cuticula) of the nused insect species and stages, it is possible to determine a correction
factor for calculating the real activity from the measured rate.In a similar way the back-scattering,
especially at the cuticula, is takeninto account for quantitative measurements, Other problems of
measurement, as, for example, the apparent increase of activity by cuticular excretion over the whole
surface are discussed. This cuticular excretion results in a higher counting rate because part of the
radioactivity is on the surface so that radiation from it is not reduced by absorption.

Problémes techniques que pose 1a mesure des radioisotopes dans P’étude du métabolisme des insectes.
Lorsque I'on étudie les réactions métaboliques ou le transport de substances chez les insectes au
moyen de rayonnements mesurés de 1'extérieur, il faut tenir compte de nombreux facteurs gui ont
une influence sur e résultat. L’absorption et la rétrodiffusion dans les couches tissulaires relativement
minces et non homogénes des insectes revétent une importance particulidre. Lauteur expose une
méthode permettant de déterminer directement le coefficient d’absorption du rayonnement béta
pour divers tissus. Pour cela, il faut enlever les couches de tissu extéricures que l'on veut examiner.
On peut alors éudier la variation d’intensité du rayonnement qui en résulte. La fréquence des impul-
sions premtiére est rétablie par une méthode indirecte qui consiste 4 interposer des feuilles d’aluminiurm
dont I'épaisseur exprimée en mgfcm? est connue. Les données relatives aux filtres d'absorption voulus
sont appliquées aux tissus. Aprés avolr déterminé le cocfficient d’absorption des tissus (notamment
de 1a cuticule) pour les espéces et phases de développement considérées, on peut établir un facteur de
correction pour déduire 'activité réelle 4 partir du taux mesuré. En procédant de m&me, on tient
compte de la rétrodiffusion, notamment dans la cuticule, pour les mesures quantitatives. L’auteur
examine ensuite d’autres problémes de mesure tels que 'accroissement apparent de la radioactivité
dfi & des excrétions cuticulaires sur toute la surface. Ces excrétions entrainent une augmentation du
taux de comptage, car une partie de 1’activité se trouve alors sur la surface et le rayonnement gu’eile
émet n'est done pas réduit par absorption.

Texuuaeckie NpodieMsl BIMEPEHHd PAIAHOWIOTONGE UPH HAYMeRHA MeTaBoMHIMA uacexkoMBX. [Ipm
nIYISHUH PEAKITAE MeTabOoN#IMA WITH TepeMelleHis BeeCTB Y HACSKOMEIX TIPX MOMOLLE DaNHaLEH,
HIMEpAEMOM MIBHE, CNEAYeT YYRTHIBATE MHOTHE (BaKTOPE], KOTODEIE OKASBRIBAIOT BIMAHHE Ha
Pe3YNETATH Hecnenorammy. Ocofoe 3Aa%eHAC ¥MEHOT DOTMOINSHHe A 00pATHOS PACCETHANE B CPABHA-
TeNBHO TOHKHX, 2 TaKke HEOOHOPOAHBLIX CHOAX TKAHM HACCKOMBEX. B AOKIane 0OXapakTepH3ORAH
HEMOCDEACTBCHBEL METoH OIpeAcNcHEA Koaxb$AmHeATa DOTMONIcHHR Oera-pagHallMi padiHy-
EuIMW BHOAMM TEKAaAH. JnA OpOBeOcHAS MccledoBamul AeobXomMMo YAANUTL BHETHHE CIIOK
TKaHK. 3aTeM MOMHQ MHCCHEfOBATE M3IMEHEHWe WHYSHCHBHOCTH PAJHAIINH, BHI3BIBREMOE 3TOH
npomenypoif. IIpH DOMOIMH KOCBEHHOTO METOZA BOCCTAHABNEBASTCE DPEKAAL CKOPOCTE
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HMIYNLOOER NMyTEM BBEOCHHA AMKOMAHHEBOH (GOMBrH M3IBecTHOH TonmMHel B MrfcmZ. JaWHmE O
OOAXOOAIEX NMOTAOMAIOLMK (WIFTPax Ans saMens! SylyT MCIOAL30BaHBL Ha TKaHAX. [locne
perucTparmy xoaqibunrenTa Tornomenns nus Txaweik {(0coOeHHO KYTHEYNH) HCHOITR3OBAHHBIX
BROOB HACEKOMSBLX M CTAAHI BOIMOXHO YCTAHOBHTH OONPaBOYHLIE xo3dhAIHEHT ANA pacyeTa
MEHCTBHTEILHOM AKTHBROCTH, HCXOJA H3 M3MEDEHHOIA CROPOCTI. AHAMOTHYHEIM 00pasoM UpHHEMA-
€TCA BO BUMMAHKE OGPaTHOE pAcCedHMe, OCODEHHO B KYTHRYNE, O KOIHYSCTBEHHAX F3MEpeRii,
B noxnane OCBELIAIOTCE APYTHE NPOOAEMEI WIMEPCHHN, K2K, HANPHMED, OYEBHAHOE BOIDACTAHNE
AKTHBHOCTH OyTeM KYTHKY/ISAPHBIX BELISICHHE HA Beeil NOBEPXHOCTH. JTO XYTPAKYNADHOS Bhigene-
HAE BLI3LIBAET OOJIEE BEICOKYIO CKOPOCTh CYETAa, TAK ¥aK 9acTh PAARCAKTMBHOCTH PACIONOMEHA
Ha NOBEPXHOCTH, BEAAY €70 BEIZLIBACMAA €0 DAOMANWA HE YMEHBRMIASTCH BBHAY NOTIONICHHT.

Problemas téenicos que planéea la determinacién coantitativa de Ios radivisotopos en el metabolismo
de los insectos. Cuando el transporte de sustancias o las reacciones metabdlicas se estudian en los
insectos por medicién externa de radiaciones, han de tenerse en cuenta numerosos factores que in-
fluyen en los resultados. Revisten particular importancia la absorcién y la retrodispersion en las
capas tisulares de los insectos, relativamente delgadas y carentes de homogeneidad. Para determinar
directamente el coeficiente de absorcion de las radiaciones beta en diversos tipos de tejidos, €l autor
describe un procedimiento con arreglo al cual se han de quitar las capas exteriores del tejido que se
desea examinar. Pueden estudiarse entonces las variaciones resultantes en la intensidad de la ra-
diacion. E! indice de recuento primitivo se restablece con arreglo a un métedo indirecto, que consiste
en interponer liminas de aluminio de espesor conocido (expresado en mgfem?). Los datos relativos
a los filtros de absorcidn adecuados se aplican a los tejidos. Después de haber determinado los coefi-
cientes de absercién correspondientes a cada tejido (sobre todo de la cuticula) para las especies de
insectos y las fases de desarrollo que interesen, es posible hallar un factor de correccién que permite cal-
cular la actividad real con los datos obtenidos por medicion directa. De modo parecido se tiene en
cuenta, para las determinaciones cuantitativas, la retrodispersion, sobre todo en la cuticula. El
autor examina luego otros problemas de medicidén como, por ejemplo, ¢l incremento aparente de
actividad debido a la excrecion cuticular, en toda la superficie, que origina un aumento del indice de
recuento, ya que parte de [a radiactividad se halla entonces en la superficie y no sufre merma por
absorcién,

Introduoction

Metabolic processes and the transfer of substances within living insects are being studied
by means of radioactively labelled compounds. Repeated measurement of the radiation from
an intact,-live test-insect for determining the sequence of such phenomena must take into
account a series of factors which affect the readings, Along with such physical constants as
the energy of the radiation and the half-life, technical characteristics of measuring apparatus
such as the geometrical arrangement between the radioactive test insect and the GM tube,
and even the absorption by air and the effect of particles scattered by the wall of the
chamber must be taken into account. These factors and the characteristic properties of the
GM tube may, however, easily be maintained constant. Measurements of B-particles are,
on the other hand, greatly affected by the absorption and back-scattering effects of body
tissue. If, in addition, the tracer used also participates in metabolic processes, the possibility
of a further, rather important, source of error arises, namely that of cuticular excretion of
the tracer, Measurements on P3%labelled insects are reported here with a view to studying
such possible errors,

I. Direct and indirect means of measuring the quantity of -particle absorption

Absorption must be taken into account even when using a relatively hard B-source such
as P32 in small insects. Huor and VerLY [1] have measured the relationship between the
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radiation rates from live and then incinerated larvae of Tenebric moliior L., and developed
a correction factor which is a function of the weight. There remains, however, a total cor-
rection factor which combines body absorption, the back-scattering in the animal and
even the particle-scatter in the measuring cell designed for holding the live insect. One
of my own methods is of interest if the absorption of single layers of tissue, especially
of the cuticle, is to be measured. Absorption constants are to be found in the litera-
ture, but it is almost impossible to interpolate the values from medical tables since in-
sect tissue lavers are very thin and furthermore non-homogeneous.

DIRECT MEASUREMENT OF ABSORPTION BY THE INSECT BODY

This work was carried out on ants that had been fed on a P32-labelled aqueous solution
of honey. If the insects are killed within 30 min of feeding, the total activity remains in the
proventriculus [2— 8] which neither digests nor absorbs the labelled food. The source of
radiation is therefore localized in a spherical form in the abdomen (gaster) of the insect
without contaminating the tissues. The freshly killed insect is then fixed on a slide using an
adhesive, and is positioned directly under the centre of the GM tube. After measuring
the background of the counter, the activity of the freshly killed insect is measured over
a sufficiently long interval in order to reduce the statistical error. The dorsal cuticle is then
carefully removed with fine dissecting instruments. A further measurement is then taken,
which shows an increased impulse-rate due to the absence of cuticular absorption (Table I),
These measurements give I, and 7, the impulse rates with and without cuticula, respectively.

TABLE I

EXAMPLES OF MEASUREMENTS TO DETERMINE THE ABSORPTION OF THE TERGAL
CUTICULA OF AN INSECT

Measurements on the test-insect before substitution After substituting Al-Filters of thickness d
Test
. =
et iy Tou dey  |loat,ireg) | Filterno. | mglem? da I
d
F» 34 00126 mm | 10105
1 10509 9928 0.020 mmn (1.23 mm -1 P 6.2 0023 mm| 10023
Fy 10.7 0.0396 mm 9758
F> 34 0.0126 mm 6098
2 6357 5903 0.020 mm |1.47 mun -1 F3 6.2 0.023 mm 5996
| 10.7 00396 mm| 5834

¢ is the calculated absorption-coefficient for the cuticula,

I, = impulse rate after dissection,

Iew = impulse rate with cuticle,

Ia — impulse rate afier substituting Al-Filter (given in counts/miz),
deu cuticle thickness.

From these data absorption may be expressed as a percentage of I,. More useful, however,
is a calculation of the absorption-coefficient u# (consisting of a real absorption value and
a scatter value), given below by the exponential equation for f-absorption.

Iow= I, X e~#d or # = [log (/1)) / d
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where d = thickness of the absorber, in this case the dorsal cuticula. It was determined micro-
scopically by means of median sections through entire ants (Formica nigricans Em.), the
average value being 0.020 mm. The calculated values of u entered in Table I apply to the
cuticle and hypodermis. The latter always remains attached to the cuticle in the dissection
and its value was always considered in conjunction with the cuticle. It must be stressed that
the u values thus determined are dependent on the degree of activity and the particular
measuring system used, and must therefore be determined for any one equipment set up as
well as for each insect species.

INDIRECT METHOD OF MEASURING THE ABSORPTION OF THE INSECT BODY (SUBSTITUTING
AL-FILTERS FOR THE EXCISED TISSUE LAYERS)

In the direct absorption measurements mentioned above, the absorption coefficient was
calculated for the dissected cuticula layer. In order to do this the layer had to be measured
microscopically. The absorption value of the excised fissue may also be easily determined
indirectly by substituting aluminium filters of known weight per unit-area (mg/cm?2),

For this purpose a set of 30 calibrated aluminium filters (Filter set A, mannfacturer:
Frieseke & Hoepfner, Erlangen) were used, the weight per unit-area ranging from 1.3 to
65.8 mg/cm? (corresponding to 0.00458—0.243 mum in thickness). These filters were fixed in the
path of the rays, 8 mm above the test insect, and the impulse rate was measured after each
filter substitution. The purpose of the measurements was to find a filter which would reduce
the impulse rate i, to the original value 7, The weight per unit-area in mgfem? of the
corresponding filter might then be considered equal to that of the cuticle. Similarly the next
tissue layer, the fatty tissue lying between the digestive tract and the dorsal cuticle, was
removed and its weight per unit-area determined by substituting aluminiem filters, This
value was a little above 3.4 mgf/cm2. The thickness of the layer was determined micro-
scopically; an average value of 0.030 mm for worker ants (Formica nigricans Em.) was
obtained. A summation of the values for individual layers gives the total absorption by the
layers (between the digestive tract and the outer surface) in mgfem?. If about 8 mg/em?
(between filters F3 and Fg) is taken to be the weight per unit-area of the cuticule including
the hypodermis, and 4 mgfocm? as the weight of the fat bodies between the cuticula and
proventriculus, then the total amounts to approximately 12 mgfem?2.

DISCUSSION OF THE RESULTS

The absorption values of the excised tissues are expressed in terms of weight per unit-area
(mg/em?). This is the quantity usually reported in handbooks; knowing the specific gravity,
it is possible to calculate those layer thicknesses which completely absorb B-radiation of a
certain energy (maximum range R) or reduce it to half the original energy (half-thickness R/2).
R has been reported to be about 740 mg/em? for P32. This value was checked by the author
in a control experiment which used aluminium as absorber. R/2 is about 110 mgfem?2. If the
weight per unit-area of the absorbing tissue layer is known, the important half-thickness
may easily be determined. Three separate steps may now be taken:

(1) The weight per unit-aréa of the cuticule based on microscopic measurements of its
thickness (0.020 mm) may be determined, and combined with the specific weight reported
in the literature (max. 1.3). From these data a weight per unit-area of 2.6 mgfem? was
deduced for the dorsal cuticula of the ant. Referred to 110 mgfcmz2, based on aluminiam,
the calculated half-thickness was 0.84 mm.

(2) The weight per unit-area may be determined according to the substitution method. A
value of about 8 mg/em? was thus obtained. Using the known layer thickness of 0.020 mm
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and R/2 = 110 mgfem?, a value of only about 0.275 mm was calculated for chitinous
insect cuticula.

(3) Once the absorption ceefficient, #, has been determined for the excised tissue, the layer
thickness which lowers the radiation to the half-value level, Z,/2, may be calculated from
the equation

"= [lOg (Ioffcu)] J"d

Hence, for the material under consideration, the value corresponding to the half-thickness
{dy) is given by
dy = (log 2) /p = 0.245 mm.

The substitution method, in close agreement with direct measurement, shows a greater
reduction in radiation intensity in the cuticula than would be expected from calculation.
This discrepancy may be due to the biconvex form of the dorsal cuticula which may
introduce 2 higher back-scattering effect, or even to the difference in material, aluminium
being used as filter. The effective layer thickness may also be greater than the value
measured microscopically since many rays pass through at an angle to the perpendicular.
Cuticle thicknesses of 0.2—0.8 mm are found in large, well armoured sclerotized forms,
especially beetles. In such cases a reduction of L, to I,/2 might be expected.

The real activity I, in the insect may easily be calculated from the reduction coefficient p
and the microscopically measured thickness 4, of the cuticula. The following equation
hoids true:

logf, = d X p + log I,

Thus, correct values for log [, may be obtained without any dissection by only adding
the value d % p (Table.I) to the externally measured impulse rate.

I1. The back-scattering effect of the insect cuticnla

The scattering of B-particles is a very complex process and plays an important part in
absorption by the body. The back-scattering at 180° of particies emitted downward from
the source is of particular interest, since they will cause an increase in pulse rate. It is known
that scattering increases as the square of the atomic number of the scattering material [9].
When a g-source is mounted on a solid backing material (such as slides) an increase in the
counting rate, due to the back-scattered particles entering the tube, has to be taken into
account, the so-called back-scattering effect. This factor can be maintained constant, in so
far as it is dependent on the substrate, by always using the same material. If a very thin
membrane is used, this factor can be discounted in practice, The quantity of back-scattering
within the insect itself, however, is of great interest. It occurs almost throughout the tissues
but should be relatively greater in the cuticle. It is in this portion, the cuticle, that the value
of the back-scattering effect may be determined very easily.

Freshly killed beetles, (Tenebrio molitor L.), received an enclosed P32-source in the
digestive tract and were mounted on a perforated metal slide so that their upper and lower
surfaces remain exposed. Back-scattering due to the substrate was thus avoided. The impulse
raie without the back-scattering caused by the elytra, I, can be determined by measuring
the beetle with spread wing covers (elytra)* (Fig. 1); when closed the impulse rate Ly
is obtained.

* The membranous hind-wings were removed to simplify matters.
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Fig. 1
Arrangement by which the back-scattering effect of the elytra of Tenebrio molitor may be measured

Measured values for two beetles are given in Table 1T, They clearly show that the back-
scattering within and from the cuticula of the elytra increases the impulse rate by about
6—77%. The increase from I, to i, which corresponds to the effect of the elytra may be
determined by interposing the appropriate alumininm filters. These experiments will,
however, not be discussed here. The true impulse-rate is decreased by self-absorption and
increased by the back-scattering demonstrated above. The absolute and relative magnitude
of these factors differ from case to case.

TasLE 11

RESULTS OF MEASUREMENTS TO DETERMINE THE BACK-SCATTERING EFFECT IN
IMAGINES OF TENERRIO

1 L, len back-scattering
t {counts /min} {counts fmin) effect
beetle no. 1 15706 4 125 16620 + 129 5.82%
beetle no. 2 21508 4 147 23035 + 152 T7.09%

To counting rate without elytra,
Jou = impulse rate with elytra; higher due to the back-scattering.

0T, The cuticular excretion of labelled phosphorus and its technical significance to measurements

If an insect is fed with labelled phosphorus, the latter may possibly be excreted from the
cuticular surfaces as shown in some work on ants in these laboratories [10]. Such excretion
can present a significant source of error if attempis are made to determine the biotogical
half-life of P32 from repeated measurements made on an intact insect. A study of this sort
using adult 3¢ + 99 of Calliphora erythrocephala Meig. showed an effective decrease in
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radioactivity which was comparable to an effective half-life, Ty, of between 12.3 and 17.0 d.
The averages calculated from 14 test insects showed Tor = 14.42 &, whereas the physical
half-life Tppy., is only 14.3 d. On theoretical grounds Toer can be equal to Ty, but only on
the total absence of excretion; ey can never exceed Ty, This is shown by the following
relationship:

l —

i
Toict o

Toiol = 00}

1 1 1 1 1
= + ; = +0;
Terr Tohys Toiol  Tegr Tonys

Terr= Tphy, -

Ter cannot possibly equal 7y, in the case of labelled phosphorus, since the phosphorus
enters into the metabolic processes and is also excreted.* If, therefore, the measured decrease
is less than the physical decay (Fig. 2.), some error must be present which prevents a direct
comparison of the various measurements. It has been shown that the adult Calliphora
excretes phosphorus through the cuticle. This excretion may be removed by external washing,
as confirmed by the measurements. The activity of surface phosphorus is then no longer
weakened by absozption in the body, and the counting rate increases. Thus, despite excretion,
a higher impulse-rate is recorded. This rate is not comparable to the rate determined some
days previously for the same specimen.

Ny

~

COUNTS/MIN

1 1 1 1 1 i ] 3 1 L 1 L L 1 ’TM&
g 10 15
d
Fg. 2
Physical ( —) and effectively measured {------ ) decay of P32 in imagines of Calliphora

erythrocephala Meig. The erroneous result is due to the cuticular excretion of the tracer
No = log of initial measured pulse-rate

A grossly erroneous value such as cited for Calliphora may be recognized easily but it
is the smaller errors which are more dangerous. If Tog <C Tynyg, One may easily be tempted
to consider these values as being correct even if Ty is too large.

In very small insects with a thin cuticle—in aphids [11] the cuticle was found to be
only 0.0042 mm thick—this error may be neglected. It is a prerequisite, however, that the

* In the case of injections of colloidal Aul%2, ne excretion occurs and the relationship Teff = Tphys
may apply.



170 W. KLOFT.

first measurement in half-life determinations should be taken only after the tracer has become
well distributed throughout the organism.

Summary

The use of P-emitiing isotopes as tracers in insects is accompanied by certain
complications when measurements are made on intact insects. Technical and mathe-
matical ways of determining the value of the absorption and back-scattering have
been described, and mention is made of the problem of cuticular excretion of P32, with sub-
sequent changes in counting rates. All such complications are. greatly reduced if y-sources
are used as tracers, and the measurements made with scintillation counters. If the y- and
B-radiations from the same insect are measured in close succession in the various experiments
described, the size of the effects may be easily determined for the particular isotope used.
Work of this nature is now in progress.
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DISCUSSION

D. W. Jengms (United States of America): Perhaps our use of the term “biological half-
life” is not very suitable in connection with ecological studies, where we need a standard
of measurement of the radioactivity present. Could Dr, Kloft fiestly define his term *‘effective
half-life”, and secondly, indicate his views on its value for ecological studies, where we need.
a measure of the amount retained in the insect and of that given off ?

W. KLoFT: In order to explain what 1 mean by effective half-life, I nust have recourse
to a diagram which will demonstrate the inter-relationships between physical, effective and
biological half-lives.

The measured initial pulse-rate of the insect is entered logarithmically as Np. In half-life
measurements, the point in time at which half the original activity is still present (Nof2) is
the one that interests us, With P32, the physical decay curve cuts the No/2 level after a lapse
of 14.3 d, and by dropping a perpendicular we obtain the physical half-life, Tppys. What
we are measuring, however, is the effective decay: the decay as actually measured. This is
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conditioned by the physical decay and, siimiltaneously, the excretion of the tracer, hence by
biological processes. Where the effective decay curve cuts Nyf2 the effective half-life, Tog,
is found by dropping a perpendicular. From the relation

11 1
Teﬁ' T phys Tbio[

we can easily derive the biological half-life Ti;, since we have measured Tg and can
obtain Ty, from tables (when we do not wish to determine it ourselves). After Ty, has
thus been determined, the value obtained is plotted on our semi-logarithmic diagram, and
we can then draw in the biological decay curve. In my next paper, on excretion in aphids,
written in coflaboration with P. Ehrhardt, 1 illustrate these relationships more clearly with
reference to a test insect,

D. F. Heatd (United Kingdom): The true half-life of P32 and the half-life calculated
from experiments in which there is cuticular excretion are shown as 14.3 and 14.8 d,
respectively. What is the statistical significance of this small difference? I am very surprised
that you arec able to determine a difference of 3%, in a half-life.

W. Kvrorr: My rate is the average of 14 to 20 samples measured in vitro. In fact, the effective
half-life values ranged from 12.3 to 17 4. Individual values were thus genuinely significant
with respect to the physical half-life of 14.3 d.

V. K. Sastry (India): On the last slide that you showed us, the physical half-life and
the average effective half.life are almost the same. Can we take it that, in general, the average
effective half-life and the physical half-life are almost the same for practical purposes?

W. KLoFr: No, because the effective half-life as recorded was affected by an error of
measurement caused by cuticular excretion of P32, The effective half-life is actually sub-
stantially less than the physical. It is always necessary to know the error involved in Ty
since it is with the aid of the effective half-life that biological half-life is to be cakulated.

T. L. HorkINs (United States of America): Do you know what the nature of cuticular
excretion is in Calliphora, and have you checked the possibility of caticular contamination
from external sources such as excreted and regurgitated radioactive materials ?

W. Krorr: I think that there is excretion both of inorganic substances and of phospho-
lipids. We are now using chemical methods to separate the various components of the
cuticular phosphate excretion, but we do not yet know the precise chemical composition.
With regard to the possibility of external contamination, this can be excluded, I think: on
the one hand the insects were confined separately, and on the other they were moved to fresh
containers at hourly intervals,

F. P. W. WINTERINGHAM (United Kingdom): I should just like to make a very brief
comment. I feel that in studies of biological half-life it is most important that all measure-
ments of radioactivity be made under carefully standardized geometrical conditions. I think
we.should be cautious in attempting to make some arbitrary correction on the basis of the
geometry of the insect and of the physical density of the tissues, In your derivation of the
equation, I was not quite clear, in fact, whether you were taking into account a point source
of radiation at the centre of the insect, or if you were considering a uniformly distributed
source. It is most important to discriminate between the two.

W. Krorr: I quite agree. In our measurements we worked with ants, the great advantage
of this being that the radioactive solution fed to the insects is retained in the gaster for a
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considerable time, and we found that we had, in fact, a point source of radiation which
remained without any absorption for more than half ap hour,

A. R. GoraL-AYENGAR (India): It would be of interest to know the radiation dose received
by the insect, and 1 wonder whether Dr. Kloft has calculated it in rads?

W. KLoFT: As a matter of fact I am working on such calculations at the moment. Until
they are completed I can give you the dose in r only.
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Abstract — Résumé — Anmorames — Resumen

Some recent studies, involving the use of radioisotopes, of the feeding behaviour of two phyto-
phagous insects. Three examples from the author’s researches on insect pests illustrate the solution,
with radicisotopes, of problems which could not readily be solved in other ways.

The feeding and excretion rates of Aphis fabae Scop. were estimated by allowing the jnsects to feed
on bean leaves made radioactive with P32, and then relating the radioactivity of the aphids to that of
the leaves. The resulis are presented and the method criticized.

By allowing groups of A. fabae to feed on bean plants made radioactive with P32, the hypothesis that
ant-attendance significantly increases the aphid's feeding and excretion rates was confirmed.

The movements and feeding behaviour in the field of adult Senn bugs (Euryeaster integriceps, Put.)
were studied in Tran by tagging individual insects with small pieces of Tal#2 so that they could be
detected from a distance with a suitable instrument. The results are described.

Etudes récentes au moyen de radioisotopes sor les habitudes alimeniaires de denx espéces d'insectes
phytophages. Trois exemples tirés des travaux de recherche que 1'auteur a effectués sur les insectes
nuisibles montrent comment Jes radioisotopes ont permis de résoudre certains problémes dont la
solution aurait été difficile par d’autres moyens.

L’auteur a déterminé les taux d’alimentation et d’excrétion chez " Aphis fabae Scop. en nourrissant
les insectes de feuilles de haricots rendues radioactives a I'aide de phosphore-32 et en comparant
ensuite la radioactivité des pucerons 2 celle des feuilles. Il expose les résultats obtenus st soumet Ia
méthode employée a une étude critique.

En élevant des Aphis fabae sur des plants de haricots rendus radicactifs au moyen de phosphore-32,
on a pu confirmer I"hypothése selon laguelle I'intervention des fourmis augmente d’une maniére
significative les taux d'alimentation e{ d’exerétion des pucerons.

On a étudié, en Iran, dans Je milien naturel, les mouvements et les habitudes alimentaires de
Y Eurygaster integriceps, Put. adulte, en marquant certains spécimens A I"aide de petits morceaux de
tantafe-182, de manitre & pouvoir les détecter A distance au moyen d’un appareil approprié. L’auteur
expose les résultats obtenus.

HeKoTOpHEe TOCIEIERS HCCICIOBANES, NOBE/ICHNN NPHA DOFIOMICHHA NANM JBYX BRJ0B OATAMUANCE
PACTEHEEMH HACEKOMBEX © BCUOALZOBARMGM PAJHONSOTOROR, TpM DNpHMEpPA H3 FMCCIGAOBAHMI,
IpOBEIEHHEEX ABTOPOM HA HACCKOMEIX-BPEZATENAX, WLIOCTPHPYIOT DEIIERHE ¢ HOMOIEIC PagRo-
E30TONOR NMpoGneM, KOTOPEIC HENEMA OBIIO JIETKD PEIMTE APYTHMA METORAMH.

CrOpOCTH HOFNOMSHHA MKW M BHACNCHUR ¥ Aphis fabge Scop. onpenelsaRch OYTEM KODMIE-
HHUA HACCKOMEIX ITHCTEAMM D000B, COMEPXAINMME PATHOAKTHBHEL (oohop-32, ¢ COMOCTABIECHHEM
B IanbpeiilleM pPaIMOAKTABHOCTE TIM M JIHCTHEE. B AoKmane cooBuiatoTed PesyRAbTaTHL HCCISHO-
BaHuil W pa3bHpaercd METON HoCnenoBaHnil,

TIyrem xopmieckmA Ipynn A. fubae GOGOBEDMHM PACTSHRAAMY, COREPAKAUMME PafROARTHBMEI
tocitop-32, 6614 TOATREPXACHA. TMIOTE3A, YTO PUCYTCTBHE MYDABLEE JHAYHTECILHO YEC/AMIHRALT
CKOPOCTh [MOrIOMISHHS ITATIH M BEIISICHHS ¥ TIH.

B Hpase mMpOBOOHIHCE ACCHSHOBANMY ABMAKCHHN B NOBeACHUA TPH MOTNCWIEHRA NEIOH B IONG
v p3pociioro Senn (Ewrygaster integrieps, Put.) myTeM Meu¢Hus OTNCNBHBIX HACCKOMBIX HEGOML-
MAEME HOpPHHAME TaATana-182 ¢ Tem, wroGH HX MOXKHO OEINO PErHCTPHPOBATR HA PaCCTOMHMH
[P TOMOINH COOTBETCTBYIOWETC nprSopa. B moxnane onMesparoTea Pe3yNbTATEL HCCNEAOBREMIE.
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Recientes estudios, efectuados con radicisdtopos, sobre los hibites alimentarios de dos especies de
insectos fitéfagos. Tres ejemplos de las investigaciones realizadas por el autor sobre los insectos
dafinos revelan de qué manera los isétopos permiten estudiar con éxito algunos problemas que no
podrian resolverse ficilmente por otros procedimientos.

El autor ha calculado los indices de alimentacion ¥ de excrecion del Aphis fabae (Scop.), nutriendo
los insectos con hojas de haba radiactivadas con 2P, y comparando Inego la actividad delos afidos
con la de las hojas. Expone los resutiados obtenidos y comenta el método aplicado.

Criando los Aphis fabae en plantas de haba radiactivadas con 32P, se ha confirmado la hipbtesis de
que la intervencion de las hormigas aumenta notablemente el indice de alimentacion y de excrecion
en los dfidos.

En el Iran se han estudiado los desplazamientos y los habitos alimentarios del Eurygaster integriceps
{Put.) adulto marcando algunos insectos con pequefias particulas de 182Ta, a fin de poder detectarlos
desde cierta distancia con ayuda de un instrumento apropiado. El autor expone los resultados
obtenidos.

Each year man suffers enormous losses of his crops from the direct and indirect damage
caused by insects. A rational basis for control of an insect pest must be based on thorough
research into all aspects ofits life. Radioisotopes are but one of the many new tools available to
the research worker and they can sometimes be used to solve a problem which cannot other-
wise be solved readily or even at all. In illustration of this, I have selected three examples
from my own researches on insect pests in which radioisotopes were used to solve particular
problems.

In temperate climates, Aphis fabae Scop. is a serious pest of beans and sugar beet, which
it damages by feeding in large numbers on the phloem sap. Estimates of the amount of sap
ingested by aphids are difficult to obtain and attempts to measure it have, therefore, been
few. One way of estimating the uptake of sap is to allow the insects to feed on leaves made
radioactive with P32 and then to relate the radioactivity of the aphids to that of the leaves.

The feeding and excretion rates of nymphs of A. fabae, feeding on bean leaves, were
studied in this way for feeding periods of 1 h to 24 h [?]. The maximum rate of feeding,
which was reached after 12 to 16 h of feeding, was estimated at 0.2 mg of sap/h, an uptake
of 59% of the average body weight of the insect per hour, A bean plant infested with several
thousand aphids would thus lose a large quantity of vital phloem sap in a short time.

For aphids, the method suffers from the defect that the radicactivity of the ingested sap
is unknown, but is assumed to be equal to that of a sample of the leaf tissue. The criticism
would not apply to those insects which ingest solid material from the leaf.

Aphis fabae is sometimes attended by ants for the honeydew it excretes, just as many
Coccids in the tropics are attended by ants.

For aleng time, it was thought that attendant ants stimulate the feeding and excretion
of the aphid but there was no experimental proof [4]. As part of a study of the complex,
plant—aphid—ant—aphid—predator, it was essential to know whether ant-attendance
causes the aphid to feed and excrete more.

Groups of nymphs of A. fabae were allowed to feed on leaves of bean plants made radio-
active with P32 in water culture, so that the aphids took up the isotope and excreted it in
their honeydew. The radioactivity of the honeydew taken from them by attendant Lasius
niger L. was then compared with that of the honeydew excreted concurrently by unattended
aphids on separate plants.

By increasing their uptake of sap, the ant-attended aphids produced twice as much
radioactivity in their excreta as did the ant-free aphids [1].

Ant-attendance therefore increases the rates of feeding and excretion of this aphid and
consequently increases the damage to the plant. The results are also of interest in that
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they show that the aphid is able to control its rates of feeding and excretion, which are not
dependent solely on pressures within the plant as was sometimes previously thought,

The Soun (or Senn) bug, Eurygasier infegriceps Put., is a serious pest of wheat in the
Middie East and countries bordering the Caspian Sea. Related speciés of pentatomidae
occur in North Africa and other countries of the Mediterranean area and cause considerable
damage to crops there.

Existing descriptions of the insect’s behaviour are sometimes conflicting and are rarely
supported by evidence. A thorough understanding of its behaviour is essential to a proper
basis for control measures and for assessing the advantages and disadvantages of various
methods of sampling.

The problem of locating individual insects in the field, so as to observe their behaviour, is
easily solved by tagging them with small pieces of radicactive tantalum, Tal82 or some
other radioisotope with similar properties, so that they can be detected from a distance
with a suitable portable instrument,

In Iran last summer, the behaviour of young adult Senn, tagged with labels of Tal82, was
studied for several days [3]. The insects were located and observed at half-hourly intervals
throughout the day from sunrise to sunset during the intensive feeding period and again,
later, when they had finished feeding and were about to migrate to the mountains for
hibernation,

The insects restricted their movements to a very small area of the wheat crop. Where the
wheat was thickly planted, the leaves and stems still green and the grains still soft, the bugs
fed frequently and were nearly always found on the wheat ears and rarely in the soil. In a
part of the crop where the wheat was sparsely sown, the air hotter and drier, and the plants
dry with ripe grains, the insects spent much more time in cracks in the soil, where, presumably,
it was not so hot and dry and, therefore, they did not feed as often as those in the green part
of the crop. In both parts of the crop, feeding ocourred chiefly in daytime. It increased in
frequency from sunrise to a maxiomnm at 8 a.m., declined to 2 minimum at midday and rose
to another peak in the afternoon. Feeding almost ceased at sunset.

At the end of the feeding period, just before the flight to the mountains, the insects spent
most of the time in cracks in the soil and were rarely seen feeding.

By this simple method the movements and behaviour of insects under field conditions
can be observed. Effects of radiation on the insects, of which so little is known, would
probably be negligible for periods of a few days and the method deserves exploitation.
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DISCUSSION

THE CHAIRMAN (J. E. Treherne, United Kingdom): In the aphid experiment you were
presumably not able {0 correlate the concentration of P32 in the honeydew directly with
the phloem sap, since the concentration of this fluid cannot be estimated. Were you con-
fident, therefore, of the statistical sigmificance of your results which correlate the honeydew
concentration with the gross concentration in the bulk of the leaf tissue?

C.J. Banks: 1 emphasized that this method of estimating the sap-uptake of Aphis
Jfabae is unsatisfactory because we do not know the radioactivity of the sap which the
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aphid actually ingests. The results obtained are, however, consistent with those obtained
by others, in particular with those of Mittler who used the cut-styfet technique to obtain
phloem sap samples when working with the large willow aphid, Tuberolachnus salignus.

THE CHAIRMAN: Have you tried using Mittler’s cut-stylet technique yourself to obtain
the true sap conceniration? Is this possible with Aphis fabae?

C.J. Bangs: 1 have, In fact, tried the technique with Aphis fabae but without success
because the insect is too small.

W. Krorr (Federal Republic of Germany): I should like to make a few supplementary
remarks to Dr, Banks” paper, which will at the same time have a bearing on the matter
raised by Dr. Treherne.

Dr. Banks himself pointed out that the specific activity of the phloem sap is not known,
but that it is assumed to be identical with that of the leaf tissue—from which he calculates
the quantity of nutrient ingested, I believe, however, that thisisnot a valid procedure for,
according to the plant physiologist H. ZEGLER [Planta (Berlin) 47, (1954) 477—494] the
carbohydrates transported in the phloem sap are not phosphorylated. The phosphate content
of the phloem sap is therefore not equimolecular with that of the sugars, and the phosphorus
content of the sieve tube sap is much 'ower than in the surrounding tissue. I therefore believe
that Dr. Banks’ estimates of food ingestion by his experimental insects are probably too

I should also like to point out, in connection with the food ingestion curve, that the curve
was obtained from a group experiment and thus only represents an average. The ingestion
rate of an individual insect is much faster and appears to follow an exponential curve witha
sharp initial rise. As Dr. Banks himself points out, his curve allows for the fact that the
externally visible act of insertion of the stylet by the insect cannot be assumied simultaneous
with the actual start of feeding. However, as my collaborators H. Kunkel and P. Ehrhardt
have shown in their tracer experiments, there are varyving intervals between the actual
penetration and the time when actually 10094 of the insects begin to feed. In one species,
although the time-lag is 810 h at 24°C, certain individuals may nevertheless start feeding
6—8 min after insertion (W, KLOFT, Z. angew. Entfomol. 45 (1960) 337—381) and 5—109;
of the experimental insects already show considerable radioactivity 10 min after insertion.
This activity can derive only from ingestion of nutrient from the phloem sap. (W. Kiorr and
H. KungeL, Proc. X1 International Congress of Entomology, Vienna 1960, in press).

In conclusion, I would therefore emphasize that this kind of experiment should, as far
as possible, be carried out with individuals.

C. J. Banks: I recognize that Dr. Kloft has carried further the work which Mixon and
myself did using groups of aphids only; however, regarding his criticisms as to what is
actnally taken in by the aphids, I think that T have already dealt with the point myself earlier,

D. W. Jenkins (United States of America): You mentioned that pieces of tantalum-182
were stuck to the insects. How was this done, and did the pieces remain on the insects for
long periods? In other words, would the tantalum technique be comparable to that used
by Dr. Andreev, by which he was able to follow the Eurygaster right throuvgh the winter?
1 should also like to ask whether vou did any further experiments on hibernation? Dr, An-
dreev has shown that in autumn the Ewrygaster migrate distances of up to some 12 km for
hibernation purposes, and that in summer there is very little migration.

C. ]. Bangs: In answer to the first part of the question, we obtained a piece of tantalum
strip, irradiated at Harwell. From this strip small chips of dimensions 0.05 x 0.16 x 0.46 mm
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with an average weight of 0.06 mg—the weight of an average bug being approx. 11 mg—
were cut with a knife kept for the purpose, picked up with the point of a needle covered with
gum and attached to the insect’s back with a spot of coloured paint, As you saw on the slide,
the insect had two red spots on it; one of those spots was in fact cellulose paint which
acted as an adhesive for the piece of tantalum and also served to identify the insect in the field.
1 don’t think the tantalum would stay on very long because the paint tends to chip off, and
I think you would have to find something more reliable as an adhesive, For the experiment
here described, however, it certainly stayed on long ecnough. When, on another occasion,
I used a similar method for Iabelling coceinellid larvae, 1 did in fact use an ordinary, water-
soluble glue; this would not be suitable here because of the effects of damp.

With regard to the second part of your question, we did this work in Iran for a few days
last summer; I have not studied any of the insect’s overwintering habits.

P. B. CorNwELL {United Kingdomy}: I think perhaps one should stress the importance in
virus-transmission studies of an understanding of feeding by Homoptera. Radiotracer
techniques can make a valuable contribution in this field, and Dr. Banks’ graph of uptake
of labelled phosphorus from the plant with time is of particular interest in this connection.
In virus-transmission studies in the laboratory it is necessary to distinguish between the
“gettling period”, before insertion of the stylets, and the true feeding period with uptake
of plant sap.

The subsequent feeding-behaviour of aphids which have been subjected to starvation
periods also seems to me to be quite important in virus-transmission studies, and I should
like to ask Dr. Banks whether he has carried out any studies which involved starvation of
aphids before their being placed on labelled plants.

C. J. Bangs: No, 1 have not done any such work myself, but T understand some of my
colleagues in the Plant Pathology Department at Rothamsted have done so.

W. KLOFT: We have carried out the kind of study to which Dr. Corawell refers at our
Iaboratories, and I show the results in the next paper.

C. KrisHNAMOORTHY (India): Dr. Banks told us that there are two peaks in the feeding
rates of Eurygaster, one at 8 a.m. and the other at about 4 p.m. Have these peaks been cor-
related with temperature?

C.J. BaNgs: My graphs showed that air temperatures and relative humidities were
- recorded hourly but, as I stated, the feeding activity of the insects could not be correlated
with these records. Further research is required to explain the two peaks of feeding activity.

12*
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Abstract — Résumé — Anporarms — Resumen

Studies on the assimilation and excretion of labelled phosphate in aphids. Aphids are plant-sucking
insects with a relatively high metabolism and therefore very suitable for studies of the incorporation
and excretion of labelled substances. A particular advantage is the uptake, nearly free of contamina-
tion, of radioactive compounds from Iabelled plants through the stinging and sucking mouth-parts.
Measurements show that the insects take up food only some time after stinging, at a rnoment which
corresponds with reaching the phloem. The activity then suddenly increases to an approximate maxi-
mum, which is reached after the intestinal tract has become full of labelled phloem-sap. Subsequently,
however, the activity increases slowly because of resorption from the midgut. In the meantime,
incorporation (assimilation) and excretion of radicactive material begins in different ways. Iis
incorporation into the saliva and its subsequent re-injection into the plant are of special interest.
The interval between the uptake of the tracer from a plant to its re-excretion with the saliva is 5h
at a temperature of 22—24°C, This period, as well as the exact course of excretion of saliva during
sucking and the distribution of saliva in the plant itself, have been analysed in detail because of their
great importance for the physiology of nutrition and for the phytopathological effects of aphids.
Furthermore, these tracer experiments indicate how the problem of virus transmission (especially of
persistent ones) by plant-sucking insects may be attacked. Further excretion of the radioisotope takes
place in the honeydew as well as through the bearing of larvae. On hatching, these larvae have only
a low activity but this increases after longer petiods of resorption in the maternal oiganism. On
account of continuing ovoviviparie and by the use of P32 it is possible to obtain a record of the phos-
phate metabolism of the ovary in the live aphid. By measuring the different kinds of excretion as well
as the remaining activity, the biological half-Yife and the amount of iracer actually assimilated may be
determined. Any circulating radicactivity may be detected by measuring the haemolymph. Constant
temperature tnust be ensured since the processes are highly sensitive to changes in temperature,

Expériences sur 1’assimilation et I’excrétion do phosphate marqué chez les aphidiens. Les aphidiens
sont des insectes phytophthires qui ont un métabolisme relativernent éleve; ils se prétent done fort
bien A Iétude de ’incorporation et de Pexcrétion de substances margueées, Iis présentent I'avantage
particulier d’absorber presque sans contamination les composés radioactifs des plantes marguées
par leurs organes buccaux de pénétration et de succion. Les mesures montrent que les insectes ne
pompent la nourriture que quelque temps aprés avoir pigué, au moment ol le bec atteint le liber.
L’activité augmente alors brusquement pour se rapprocher du maximum, qui est atteint une fois que
I*appareil intestinal est rempli de la séve marquée du liber. Puis I'activité augmenie lentement, du
fait de la résorption par I'intestin moyen. Dans l'intervalle, I'incorporation (assimilation) et 'excrétion
des radioisotopes commencent de différentes maniéres. L’incorporation & Ia salive et la réinjecton
consécutive dans la plante sont particulidrement intéressantes, A une température de 22 4 24°C,
cing heures s*écoulent depuis le moment oil V'insecte absorbe l'indicateur contenu dans Ia plante
jusgu’a moment odl il I'excréte avec ia salive. Cette période, ainsi que le mode exact d’excrétion de
la salive pendant Ia succion et la distribution de Ia salive dans la plante sucée par les insectes, ont
ét€ analysés avec précision, en raison de leur grande importance pour I'étude de la physiclogie de 1a
nutrition des aphidiens et des effets phytopathologigues dont ces insectes sont cause. En outre, ces
expériences an moyen des indicateurs servent de modgles pour I'étude du probléme de la transmission-
des virus, notamment des virus persistants, par les phytophthires. L*élimination des radicisotopes se
produit aussi par I'excrétion du mieflat, ainsi que par la naissance de jeunes larves vivantes, L'activité
des premidres de ces larves A leur sortie de P'eeuf est faible; elle s’accroit aprés des périodes prolongées
de résorption dans Porganisme maternel. 8i Pon utilise du phosphore-32, Povoviviparité continue
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permet d’enxegistrer le métabolisme du phosphate dans 'ovaire de I'aphidien vivant. En mesurant
tous ces modes d’excrétion, ainsi que la radicactivité résiduelle, on peut déterminer la période bio-
Iogique et la quantité d’indicatenrs effectivement assimilée. On déterminera la partie circnlante en
mesurant séparément I’hémolymphe. Ces opérations exigent une température constante, car les
variations de température ont une grande influence sur les divers processus. ’

IRCHECPEMEATRI 0 YCBOCHHIG H BLiNeNennio MevenX diochaTor B Tae. Tna — macexomoe,
MHTAJOLIEECH COKAaMK PACTEHHA B obrazaroiize CpaBHATENLHO BEICOKMM MeTabomasMmoM. B ceasui
C 3THM OHA YHOOHZ I M3yucHWS YCBOCHUA W BHIACNCHHA MEYCHEIX BemecTE. (QcoOLM ope-
HMYIOECTEOM ABJNETCA VCBOEHWS, nowrd 0¢3 3apaskeHvid, DaNUOAKTHEHBIX cOcOMHCHWH H3 Me-
WEHHX pPACTERAH UPH TOMOIOW HAAKYCHIBAIOIINX M COCYIIEX dacredl pra. HM3MepeRHA MOKajkl-
BAIOT, YTO HACSROMBIE IPEHNMAKT MUOTY IMOE HEKOTOpOe BpeMsd COYCTA Hocle YKyCa, &
MMEHAO B MOMEHT, KOU'd MX JKANO A0XOmHT no dnoemel (phloem). 3arem akTHEROCTR Pe3EQ
VBeAMIUBACTCA NPUGIMINTENFHO 0 MaKCEMYMA, 9T0. JOCTHTASTCR IOCIE SANONHCHUA KMINETHOTO
TpakTa MeUeHBIM COROM (roeMel. ORZHAKO BOQIE 5TOTO AKTHBHOCTE BO3PACTAET MENNCHHO B
pe3yNLETATE PACCAcRMBAHEA M3 cpeamero Opromka. B To e Bpemst HAYRHACTCA YCBEOSHHE M
BHOGJIEWHE PATRONIOTONOE PAIMMMabIMy  nyrTaMu. OCoOHH WHTepeC OpeACTABIACT HX
YCBOGHHE B CIIONY M NOCHENyOmas peumeckuua (re-injection) B pactemue. IlpomexyTok Bpe-
MEHA MERTY 3ACACHIBAHHEM HWHIMKATOPA M3 PACTEHMA H A0 OODATHOTO BHIISNEHHT €r0 CO CIIO-
Ok cocTaBideT 5 wacoe IpH Temmepatype 22—24° C. DTOT OPOMEKYTOK BPEMEHH, 4 TAKKES
TouHLI XOO BHICNCGHMA CHIOAE] BO BPEMA BRICACHIBAHHA H DACIPOCTPAHSHHE GIIOHL! B CAMOM
PACTCHRA OH/M TOYHO H3Y4YeHB! BBANY WX OOIbmoro 3Haueuud A Gu3HONOrmd muraHvs H
dRETONATONOrEIECKOTD BOZNSHCTEEA T, Janee¢, ITH OSKCOSPHMEHTHI © UHANKATOPAMI YKa3bl-
BAIOT KakEM 00pa3oM MOXHO NOZXOAATE K AIyIEHUIC NMpobnemsl mepexecenus bupycos (oco-
fCcHHO CTOMKHX BHMDYCOB) THTAIOHMECH COKEMH PacTeHMil uacexombivi. ITocnemyromee enthe-
TeANE PAOHOM3OTOTOR TIPOMCXOOMT B BHAE CXOOROIO C MEEOM BEIMECTEA H E MOABIAIONIHXCS
Jvnbkax. C caMoro Hawana 3TH JTHIMHER oDIANAIT JNDE MAIOH aKTHBHOCTIO, X0oTopad Bo3-
pacTaer nocie 0osiee NPONOINKHTEILHHX NEPHOAOB DACCACHIBAHUHS B MATEPMHCKOM OpPFAHA3ME.
BcneacTere MOCTOAHHOTO SHOSKABOPOXRINCHAL M YTEM HCnoNb30Banus dhoctopa-32 MOKHO TOTHO
npocnenuTs 33 MeraGonmimom dochara smwHaka wupoft Tau. Mamepeuuwem BHUTGNCHHH BCeX
3THX BMAOE, A TAKKe OCTATOMHON AKTHBAOCTH MOXHO OfpENeTdTL OHOMOTYECKHAN NEpHOM JIOXY-
BBIBEOECHHS PATMOAKTHBHEIX BEIISCTE B3 OPTAHHMIMA W KOIMMIECTRO ASHCTBHTEILHO ACCHMEUTMDO-
BAHHLIX HHEWKATOPOE. VHACTBYIOMAd B LHPKYASLUHOHEOM IPOHECCe DPATHOAKTHBHOCTE MOSKET
GMWTL OOHApYMEHA HaMepeHHeM remolumpw (haemolymph). Cregyer cofmogats nOCTOTHHYIO
TEMIEPaTYPY, TAK KaK 3TH APOIECCH YPEIBSIYANHO YYBCTBHTENLHEE K M3MEHCHUAM TeMIOSpaTypPhE

Estudios sobre Ia asimifacion y excrecién de fosfatos marcados en Ios &fidos. Los 4fidos son insectos
fitoftirios, de metabolismo relativamente intenso y apropiados, por tanto, para estudiar la incorpora-
cién y excrecién de sustancias marcadas. En particular, presentan la ventaja de absorber, casi sin
contaminacién, los compuestos radiactivos de las plantas marcadas, por medio de sus drganos bucales
de penetracifn y succidon. Las mediciones demuestran que los inssctos no ingieren alimento sino hasta
algim tiempo después de efectuada la picadura, en el momento de entrar en contacto con el floema.
En ese instante, la actividad experimenta un aumento stbito y llega casi al méximo, que se alcanza
cuando el insecto ha llenado su tubo digestivo con savia marcada del floema. Seguidamente, la
actividad aumenta lentamente a causa de la resorcidén en el mesogastrio. Entretanto, Ia incorpora-
cion (astmilacion) y excrecion de las sustancias radiactivas comienza de diferentes maneras. La
incorporacion en la saliva d= los insectos y su ulterior reinyeccion en las plantas es particularmente
intercsante. A vna temperatura de 22 a 24°C, el intervalo que media entre el momento en que el
insecto ingiere el indicador contenido en la planta y el instante en que lo excreta con la saliva s de
5 horas. Por su gran importancia para el estudio de la fisiologia de 1a nutricién de los 4fidos ¥ de los
efectos fitopatalégicos causados por esos insectos, se ha estudiado minuciosamente dicho intervalo,
asi como ¢l proceso exacto de excrecidn de Ia saliva durante la succion ¥ la distribucion de la misma
en la planta chupada por los insectos. Ademds, estos experimentos con indicadores radiactivos revelan
como puede abordarse el problema de la transmision de virus (sobre todo de virus persistentes) por
los fitoftirios. Los radicisotopos también se excretan con la ligamaza y con las larvas vivas recién
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nacidas de los insectos. Durante la incubacion éstas presentan una actividad reducida, la cual aumenta
después de prolongados periodos de resorcion en el organismo materno. Debido a la evoviviparidad
continuz y mediante el uso del 32P, se puede registrar ef metabolismo de los fosfatos en el ovario del
afido vivo. Midiendo las distintas excreciones y la actividad remanente, se puede determinar el
periodo bioldgico y la cantidad de indicador realmente asimilada. La cantidad de indicador circutante
puede averiguarse midiendo la actividad de 1a hemolinfa, Estas operaciones deben llevarse a cabo a
temperatura constante, dado que Jos distintos procesos son muy sensibles a las variaciones térmicas.

introduction

Radioactive isotopes are being used more and more in work on insect metabolism,
Because of their contamination-free intake of tracer from radioactively labelled plants
insects which suck the sap of such plants make especially good experimental animals. In
those species which suck from the phloem there is not only a relatively rapid intake and
conversion, but alse an easily followed periodic excretion in the form of honeydew and
saliva, and production of young larvae. All these processes may be easily followed by serial
measurements.

A variety of authors have already worked on insects which suck plant sap; they used
radioactive isotopes mainly for studying the virus-vectoring properties of the insects tested.
Hamiiton [1] worked with marked polonium as early as 1935, but it appears that this
radicactive element plays no active part in the normal physiology of insects. The development
of artificial radioactive isotopes, especially the production of the physiologically important
P32, represents a great advance in this field. Studies on intake and excretion have been per-
formed on the jassid Orosius argentatus Evans, [2], and on the aphids Myzus persicae
and Brevicoryne brassicae [3]. WATsoN and Nixon [4] working on Myzus persicae, and
Banks and Nxon [5] on Aphis fabae pursued similar studies. All the authors mentioned,
however, worked with groups of experimental animals. In such group-studies, the individual
variability in the time-lag between the insect’s beginning to pierce and actually to feed on
the phloem [6] [7] introduces errors. To avoid these, individuals were used in cur studies
on the duration of salivary injection by Myzus ascalonicus [8] [9] and the time which elapses
between uptake of P32 and its re-injection with the saliva [10]. Hennia {11] also sought to
determine the moment at which food uptake begins in Aphis fabae Scop.; he worked with
individual specimens.

Methods

The use of a sufficiently large experimental animal was essential to our study. The aphid,
Megoura viciae Buckt., which sucks the phloem of Vicia faba met our specifications. The
apterous imagines, which weigh 2.5 to 5 mg, lend themselves well to individual experiments
since they may easily be marked by coloured dots, and can be caged separately. Furthermore,
a single drop of honeydew is sufficiently large to be easily visible and measured accurately.
The activation was carried out on sprouts of approx. 10 cm of Vicia faba, raised on phos-
phate-free Knop sclution to which labelled phosphate of a specific activity of about 0.05
mc/ml had been added. Experience has shown that it is necessary to work with intact plants,
since M. viciae is very sensitive and seems to require an undamaged phloem system for
continuous feeding and normal honeydew excretion.

Using special techniques, it was possible to obtain the honeydew drops of an individual
aphid on a transparent foil; by cutting out the section its activity could easily be measured.
Individual aphids were caged for measuring in such a way that movement was only possible
along the central axis. The aphids being nearly oval, the geometry of the measuring system
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was not affected by their limited movement (Fig. 1). AH measurements were taken with the
same GM tube, using a constant potential difference and the same geometrical arrangement

Fig. 1
Aphid cage for measuring purposes, consisting of a ring of glass, covered by a thin membrane
A profile view
B view from above

throughout. An electronic scaler produced by Frieseke & Hoepfner, Erlangen, was used in
conjunction with an end-window counting-tube having a window thickness of 1.21-—1.30
mgjcm?, Live aphids were counted for 5 min; the honeydew for 10 min. The tests were
carried out at temperatures ranging from 20° to 22°C.

Results

1. INGESTION OF THE TRACER BY THE APHIDS

The beginning of penetration can be accurately determined from the behaviour of the aphid
[12] [13]. It should be noted that the moment of puncture does not mark the beginning of
ingestion, which in this case can only take place after 5 min at the earliest, i.e. when the
phloem has been reached [7]. The specimens chosen began to ingest almost immediately on
penetrating the phloem (following the initial 5 min mentioned above); this was evident
from the rapid increase in their activity. After about 24 h there appears to be no further
increase in activity even if feeding continues. A phosphate saturation has apparently been
reached. Uptake and excretion seem 1o have reached equilibrium.

2. THE START OF TRACER EXCRETION

According to studies by EHRHARDT {7], the P32 is already absorbed in the alimentary tract
within 50 to 60 min after the phloem has been reached, as can be determined from the
haecmolymph. Absorption is therefore extraordinarily rapid and the tracer, along with the
circulating haemolymph, is distributed just as quickly throughout the organism.

While more tracer is being taken up with the food substances, excretion starts as
follows:

1. Via the honeydew

Drops of honeydew produced by aphids on activated plants were under continuous
observation. Activity in this excretion was not detected earlier than 24 h after the start of
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penetration. The insects produced an average of about 10 drops in a 24-h period*. The
total activity of the specimen at the time of producing the first honeydew is about 109, of
the maximal activity that can be reached in the span of 24 hours, This value, presumably,
indicates that the digestive tract had become filled but it must be remembered that resorption
had already set in after 1 h. The results also reveal the speed of food transport in the digestive
tract. The activity of the honeydew rises subsequently, and reaches a maximum value
(Fig. 2) after 20 h. This reflects the time-lapse of 20 to 24 h that the aphids need in order to
reach maximum activity.

2. Via deposition of young larvae

The newly born young larvae, deposited at the rate of about 10 per day were also measared
for radioactivity, in order of their appearance, with the counter used for the mother,
At first, the larvae are not radioactive; the first radioactive larvac appear only 6 h after feeding
on the activated plant. Larvae deposited from 6 to 24 h after the mother has begun to feed
show an increase in activity. After about 20 h there is no further increase and saturation
of the organism, specifically of the ovaries, seems to have been reached (Fig. 2).

250 |
200 |
L
=
£
-
£
=
(-3
o
wo b HONEYOEW
20 |
5o |
|
20 L
1 i L 'l L] 'l 1 ot
12 4 8 12 16 20 2 26 h

Fig. 2
Counting rate of the honeydew and the young larvae in relationship to the time of the first detectable
appearance of excreted radicactivity

3. Via the saliva

According to the studies by KLoFT and KunkeL [10] on Myzus ascalonicus and
by EHRHARDT [7] on M. vicige, P32 is excreted in the saliva at the earliest 5 hours after the
start of feeding. In order to make such measurements, the insects must be transferred to a
non-radicactive test plant after a relatively short feeding time.

* This number should not be considered the natural rate of excretion of this species since the normal
feeding process was interrupted once a day in order to measure activity.
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3. FURTHER COURSE OF TRACER EXCRETION, FOLLOWING MAXIMUM SATURATION AND
APHID-TRANSSER TO NON=ACTIVE PLANTS

It is interesting to follow the course of P32¢xcretion in the form of honeydew and
young larvac over several days once the insect, now saturated with radioactive phosphate,
has been transferred to an unlabelled plant from which there can be no replenishing of the
tracer. The total activity of the aphid and that of every drop of honeydew and of every
voung larva at birth was measured at regular intervals of 24 h,

The impulse rate of the drops falls off very rapidly at first but more slowly later. After
24 to 30 h the impulse rate has dropped to about 57 of its initial value, and remains at this
level over a period of 5 d. This value can be traced back to excretion from the haemolymph
into the alimentary tract. On the 7th day after transfer to a non-radioactive plant, it is
practically impossible to detect any radioactivity in the honeydew.

In comparison with the honevdew activity, that of the larvac decreases much more
slowly. Even from the 3rd to the 6th day these valucs are several timtes higher than the
impulse rate from the honeydew, The activity of the young larvae is still clearly measurable
above the background-level even 7 days after removing them from the labelled plants,

A continuous determination of the activity lost from the specimen with the saliva was
not possible by the methods used. The quantity of P32 which had been deposited in the plant
could only be determined at the end of the experiment, by incinerating the plant and testing
the ash. Even after 4 days of feeding, this value was found to be below 0.5 94 of the initial
maximal activity of the whole insect, and may therefore be neglected in the total calculation.
A value of similar magnitude was reported by Day and IrRzykIEwIcZ [3] in the percentages
quoted for salivary secretions from Myzus persicae and Brevicoryne brassicae.

4, THE COURSE OF PHOSPHORUS-LARELLED METABOLISM

The quantity of a material excreted may only be considercd a measure of its metab-
olism in the organism if the substance normally participates in metabolism and if its habitual
supply from the outside is not interrupted. Both conditions are met in this case, since
phosphorus plays an important role in normal metabolism and the experimental animals
were allowed to continue feeding on unlabelled host plants. The effective decrease in the
radioactivity remaining in the animal has been represented by means of a curve obtained
from periodic measurements, It is the sum of the natural radioactive decay of P32 (physical
half-life Tpnys = 344 1) and the decrease, from excretion of the tracer through the various
channels mentioned above. The effective decrease in impulse rate follows an exponential
law, as does the physical and the biological decrease. The biclogical decay depends on
excretory losses, and may be computed from the other two values. The curves of the effective
as well as the biological decrease may be characterized by a half-life value, the effective
haif-life being represented by T.¢, and. the biological by Ty The following relationship
holds for these functions:

1 1
Tex Tohys Toior

Since Tpnys for P32 is known to be 344 b, and Ty may be determined graphically from the
experimental data, the biological half-life T3,;, may easily be computed. In order to deter-
mine the effective half-life, the data from pericdic measurements on 21 individual specimens
were averaged. In Megoura viciae, the effective half-life varies between 27 and 45 h, with
an average of 32-—33 h. The biological half-life varies correspondingly, ranging from 29.3
to 51.7h, with an average of 36.5 h. These relations are illustrated semi-logarithmically
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for an apterous imago: they are similar, in principle, for other imagines (Fig. 3). An
attempt was made to determine the effective half-life separately, by mathematical means
only, and the corresponding biological half-life value for P32 by means of the two main
factors, i.e. the excretion of phosphorus in honeydew and the loss of phosphorus due to
deposition in the larvae. In the case of the imago represented in Fig. 3, Ty = 36 h. for
the first 5 days after incorporation has begun, whereas Ty = 40.2 h. If the honeydew
excretion were to be exluded, 731 would be increased to approx. 44 h. If, on the other
hand, the excretion with young larvae were not to be counted, Tpiq would be even longer,
about 65 h.* The excretion of P32 by means of young larvae is, therefore, of great significance
te viviparous imagines. Within 4—5 days after transferring them from radicisotope-
labelled to unlabelled plants, the rate of P32-climination changes in the imagines as
well as in the larvae. This is shown in Fig. 4 for a larva.
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Fig. 3
Relationship between effeciive, physical and biclogical decay in an imago of Megoure viciae
The half-lives, et and Tbiol, were found graphically; Np = initial activity of the aphid
effective decay, — -—-— physical decay, ——— calculated biological decay

It should not be concluded that the biological half-life of P32 is longer in larvae because
they do not possess the ability to excrete it by means of giving birth to young larvae.
Measurements indicate that in the first phase, the three days after the tracer has begun to
be incorporated, the larvae show an effective decrease similar to that in imagines (apterous
virgins). The example in Fig. 4 gives a T, of 28 h and a Tye of 30.4 h for a 3rd instar
larva in this first phase. Beginning with the 4th day after the start of the experiment there is,
as already mentioned for imagines, a change in the curve which clearly shows the excretion
to be slower. Turis then 57 h and Ty is computed to be 68.3 h. This change in the bio-
logical half-life value is believed to be traceable to the fact that during the first phase the
digestive tract evacuates not only the quantity of the phosphorus that would normally be

* These calculated values should only be considersd as approximate, since the absorption factors
and the distribution of the phosphorus differ between imagines, larvae and honeydew drops.
1t is not yet known how these differences affect the results. The possibility of such errors may be
avoided by using a y-source as tracer.
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excreted, but all the excess phosphorus present in the tract. In the correspondingly longer
second phase, on the other hand, only the phosphorus recently freed in the metabolic
processes is being excreted. The higher value for T}y, during the second phase therefore
corresponds to the natural metabolic processes and is of greater biological interest than the
first.
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Fig. 4
Effective and biological half-lives in a larva of M. viciae
{Np)y = initial activity for the first phase
{Np): = initial activity for the second phase

The results give afirst indication of the distribution of phosphate in the organism studied.
It is not yet possible, however, to say whether the phosphate is present in an organically
bound or free form. Biochemical studies are thus needed te elucidate the phosphate metab-
olism. Experiments along such lines are being pursued in these laboratories.
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DISCUSSION

J. DE WILDE (Netherlands): Could Dr. Xloft tell us whether he has observed permeation
of P2 through the salivary sheath which develops as soon as the aphid penetrates into the
epidermal cells, and whethér he has obtained any evidence as to which components of the
saliva can pass the salivary sheath?

W. KLorFT: In some as yet unpublished studies, my collaborator Marek has shown
with the aid of the phase contrast microscope and autoradiographs that P32—in which
precise form we do not yet know—passes from the salivary sheath into epidermal cells of
allizm and even penetrates into neighbouring calis,

R. G. Bripges (United Kingdom): Have you any idea of the phospholipid content of
your aphids? The results which we have obtained from houseflies suggest that maximum
labelling of the phospholipid fraction does not occur until some 5—7 d have elapsed. I was
surprised to hear that you have obtained maximum labelling within 24 h.

Secondly, do you think that your differences in rates of excretion are due to the fact that
in the early stage the rate of loss of P32 is governed by loss of activity from the water-soluble
phosphorus compound, but in the Iater stage by loss of activity from the phospholipid
fraction, which would be turning over more slowly?

W. KLorr: We have not yet investigated the phospholipid content of our aphids.
Although, as you say, the labelling of phospholipids requires some time, nevertheless the
insects showed their maximum activity approx. 24 h after P32 had begun to be taken up.
I think that the phospholipid content iz not so great that labelling it should constitute a
substantial proportion of the total labelled. phosphate taken up.

Regarding your second point, we do in fact consider that in the first stage it is mainly
the unbound {(and water-soluble) phosphate which is excreted. Your suggestion that
excretion proceeds more slowly in the second phase strikes me as very interesting and worth
further investigation.

G. G. SenGupTA (India): By allowing the labelled aphids to feed on an unlabelled plant
leaf, is it possible to study the disturbance in plant metabolism which results in leaf-curl?

W. KLorT: 1 have shown in some other work that disturbances in growth, respiration,
photosynthesis etc. of leaves upon which the aphids have fed are closely connected with
saliva injection. The various phases of injection could be more closely identified with the
tracer method. Free amino acids have been identified as phytopathological agents in the
saliva (see KLOFT, Z. angew, Entomol. 45 (1960) 337—81 and 46 (1960) 42—70).

P. B. CorNweLL (United Kingdom): One of the important problems in the control of
Homoptera is, of course, their relationship with ants. I think that we should recognize that
radiotracer technigues can give us a very much better understanding of the relationship in



190 W. KLOFT AND P. EHRHARDT

question, making it possible to assess the relative importance of various ant species in
sustaining host populations on plants.

Turning to another point, we are conscious, with Homoptera, and particularly aphids, ofa
tendency for the population to concentrate on a particular part of the plant. 1s there any
evidence from tracer studies that this conceniration occurs where a labelled insect may have
fed on an wunlabelled plant?

W, Xvrorr: I do not think that any tracer studies have yet been carried out on this subject,
and it is something that might profitably be taken up.
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EFFECT OF RADIATION ON MEXICAN FRUIT-FLY
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Abstract — Résumé — Awnoranust — Resumen

Effect of radiation on Mexican froit-fly eggs and larvae in grapefruit. A limited study has been
made of the effect of gamma-radiation from cobalt-60 on the eggs and Iarvae of the Mexican fruit-
fly. Various doses from 5030 to 90009 rad were given to fruits one and twelve days after infestation
to explore the effects of irradiation on the egg and first-instar larval stage. Fruits containing fully
grown larvae and larvae at intermediate stages were also irradiated with similar doses. Frequent
examination and dissection of the fruits were used to determine larva mortality, larval damags to
fruits, presence of pupae and presence of adult flies.

Dissected fruits given radiation doses of 5000 rad or more during the ege or first-instar larval
stage showed no presence of insects and no trace of insect damage. Fruit infested with adult larvae
produced numerous pupal recoveries but no adult fiies emerged from pupae recovered from fruits
receiving a radiation dose of 5000 rad or more. It is concluded that a gamma-radiation dose of
5000 rad (and possibly less, based on Emited tests of 2000 rad) will break the life cycle of the
Mexican fruit-fly although the larval stage may survive appreciably greater dosages.

A design for a railway mobile gamma-irradiator for treating infested fruit is proposed.

Effets des rayonnements sur les eufs et larves de Ja monche i froit mexicaine dans le pamplemronsse.
Les anteurs ont étudié I’action des rayons gamma du cobalt-60 sur les ceufs et larves de la mouche
a froit mexicaine. Ils ont soumis des fruits 4 différentes doses de rayonnements, allant de 5000 a
90000 rads, 1 et 12 jours aprés leur infestation, pour étudier les effets de I'irradiation sur P'euf et
sur le premier stade de Fétat larvaire. Des fruits contenant des larves entiérement développées et des
larves A das états intermédiaires ont également été soumis & des doses de méme ordre, On a pratiqué
das examans fréquents et la dissaction dzs froits pour déterminer la mortalité des larves, les dommages
causés aax fraits par les larves, la préseace d= pupss et celle de mouches adultes.

A la disssction d= fruits qui avaiznt regu d2s doses de 5000 rads alors qu'ils contenaient des ecufs
ou das larves encore incomplites, on n'a constaté ni présence d’insectes, ni traces de dommages
causés par les insectes. Dans das fraits infestés de larves adultes, il ¥ a formation de nombreuses
pupss, mais il n’est pas sorti d2 mouches adultes des pupes recueillies dans les fruits qui avaient re¢u
une dose d2 rayonnements dz2 5000 rads ou davantage. On en conclut qutuee dose de rayons gamma
de 5030 rads (p=ut-&re m3ms moins, 4 en juger par quelques essais effectués avec des doses de 2000
rads) arréte le processus d= formation de la mouche i fiuit mextcaine, bien que les larves puissent
survivre 4 d=s doses sensiblemant plus fortes.

Le mémoire propose un modile de wagon-irradiatenr gamma destiné au traitement des fruits
infestés.

JleciiCTBRE pOORAIENR A WANR M JMYGHKA MeKCAK2BCKOH $ipykToBoli ayxm m rpelimppyre. Grimn
[POBEEHM OTPaHWiIeHHME HCCNSAOBAHMA REHCTBAX raMMa-parmannd xobanbra-60 ma siua o
JHMWHRH MEKCAXaHcKo# dpykrosoid My, IInogu Gy o0nyyeHn painusHBIME go3aMu ot 5000
no 90000 pan «epes omE u 12 fqieil Mocne UX 3apaweHus HIA BCCISHOBAHMA AeHCTBEA OBmyueHus
HA IO A MEPBYI0 CXPHITYIO CTAAMIC PAsBUTHR IMIAHK M, AHANCTAYHBIMA Ko3aMh Obimn oOnyveHEr
IMIODH, CONEDMAINMe NONHOCYBIC DPA3BHBUIAECA JOTIWHEGE H JAYHHKH, HaXOAMBIUHECK HA Opo-
MEKYTOTHEIX CTAIMAX paiBuTHA. YacToe MCCNEZOBAHNE M pAcCedeHMe OMOA0B HCHOIL3OBANOCE
AN OFpEDeNeHHA UPONEeHTs NOrdHGIHEX JHMYHMHOK, YHIepOa, HAHCCEHHOTO IHYMAKAMM MUIOAAM,
HARYAA KYKOIOK W B3POCTBIX MYX

B pacceveHHBX THIOAAX, TOMyIHBIIUX 036t obyyerns 8 5000 u Gonee paj PR HAMATAM B HUX
SMTL WM MTASHAOK B HePROH CKpoITON CTAAM PA3BUTIHA, He OKA3aA0Ch HACIKOMBIX, 4 TAKKES CIISIXOB
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HaneceHHoro HMH ymiepba. W3 mnofoE, 3apaXeHHMX BIPOCHBIME JHUEHKAME, ORIIO TONYYEHO
MHOTO KYKONOK, OIHAKO KYKONKH, ASLATHIC H3 IFICHOB, KOTOpEIE Ouink obnydensr mozamu B 5000
o Bonee paj, He IPOH3RETH B3NOCHBIX MyX. BEIBOA COCTORT B TOM, 9T0 ramma-obnyiedne B 53000 pag
(2 BOIMOXKHO M MEHBIIAA [034, O YeM OeJAETCA BHIBOJA HA OCHOBANMM OTDAHMYEHHMX OUBITOR
Memob3oBamuen obayserns B 2000 pan) Rapymaer XU3HEHHEIH UMK MeKCHMERAnCcko# pyrTonoi
MYXH, XOTA €€ JTHIHHKA MOXET MEPekHBaTh ¥ §0ee 3HATHTCILHDIE HO3Bl OOTyqeHEi,

Iipemnaraerca cxeMa NEPESBMEKHOTO IAMMA-MAIYYATENA WA HACHONL3OBAHME HA RENCIHBIX
AOPOrax ¢ Hensio o0paboTKH 3apaeHHEIX IUIOROB.

Efectos de 1as radiaciones sobre los huevos y larvas de Ia mosca mejicanz de la fruta en las torongas.
Los autores han estudiado el efecto de Jas radiaciones gamma del cobalto-60 sobre Ios huevos
v larvas de la mosca mejicana de la fruta. Irradiaron toronjas 1 y 12 d después de Ia infestacion
con dosis comprendidas enire 5000 y 90000 rad con el propodsito de explorar los efectos de la
jrradiacién sobre los huevos ¥ las larvas en la primera etapa de su desarrollo. También irradiaron
con dosis del mismo orden de magnitud frutas gue contenian larvas en estados intermedios, asi
como completamente desarroliadas, Mediante el examen frecuente ¥ la diseccién de las toronjas,
observaron la mortalidad de las larvas, los dafios causados por éstas y la presencia de ninfas y
de moscas adultas.

Al disecar frutas que habian recibido dosis de 5000 rad o mds cuando contenian huevos o larvas
la primera etapa de su desarrollo, no se observo la presencia de insectos ni vestigios de dafios.
En las frutas infestadas por larvas adultas, se formaron ninfas en cantidad elevada, pero no salieron
moscas adultas de las ninfas procedentes de las toronjas irradiadas con dosis de 5000 rad como
minimo. Se deduce que uma dosis de 5000 rad (y quizd inferior, a juzgar por los resultados de
alpunos ensayos realizados con dosis de 2000 rad) interrumpe el ciclo vital de la mosca mejicana
de la fruta, aunque las larvas pueden sobrevivir a dosis considerablemente mds efevadas.

En la memoria se propone un modelo de irradiador gamma montado sobre vagén de ferrocarril,
destinado al tratamiento de frutas infestadas.

I. The problem of Mexican and Mediterranean frait-flies in the United States of America

The Mexican fruit-fly (Anastrepha Iudens) is indigeneous to Mexico and southern Texas
near the USA-Mexican border. This fly infests a variety of soft fruits but is particularly
troublesome in citrus fruits which are a valuable farm crop in southern Texas. Fig. 1 shows
an enlarged photograph of a male Mexican fruit-fly on a grapefruit, A variety of control
techniques are used; spraying the fruit-producing area with chemical insecticides destroys
insects in the mature fly stage. However, it is not possible to eradicate or completely control
the fly in southern Texas by this process because the adult flies migrate into Texas from
Mexico. A large co-operative effort by both countries might bring this fly under better control.

A long application of low-temperature stcam is used on citrus fruits grown in infested
areas and intended for shipment to other areas. This stearning process destroys the eggs
which are deposited on the skins of the fruit by the adunlt flies.

If infested fruits are not treated by a suitable process to destroy the eggs, the eggs hatch
in about one to two weeks to produce larvae which feed on the fruit. The larvae bore exit
holes in the infested fruit, permitting the entrance of other organitms such as molds and
yeasts which produce secondary damage. When mature, the larvae emerge from the exit
holes. In the case of fruit in the field, the larvae drop to the ground and enter the pupal
stage. Fig. 2 shows an infested fruit, with exit holes indentified by rings. Note the larva
emerging from one of the exit holes.

Many other important fruit-growing areas in the United States such as southern California,
areat present free from this infestation. Rigid quarantines and inspection procedures are used
to prevent the spread of this pest. These quarantines may be raised only if the fruits are treated
by a process such as vacuum fumigation, steaming, or possibly in the future by irradiation
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so as to assure complete destruction or biological sterilization of all eggs and larvae in fruit
from infested areas. Vacuum fumigation is an expensive batch process. Low-temperature
steaming requires considerable time if the minimum temperature is used to kill the eggs and
larvae. Use of higher temperatures shortens the time but results in excessive damage to the
fruit and appreciable loss in ascorbic acid (Vitamin C). An irradiation treatment can be a

Fig. 1
Enlarged photograph of male Mexican fruit-fly (4nastropha ludens) on grapefruit

Fig. 2
Larva of Mexican fruit-fly emerging from upper exit-holc (holes are ringed) in infested grapefruit

13%



196 L. E. BROWNELL AND M. YUDELOVITCH

rapid continuous process which may offer many advantages over vacuum fumigation or
steam treatment. For this reason, limited tests were conducted at the University of Michigan
on the effects of gamma-radiation on the eggs and larvae of this fly, using grapefruit as
the host.

A very similar pest, the Mediterranean fruit-fly (Ceratitis capitata), has recently infested
the citrus fruit-growing areas in Florida. Vigorous, extensive and expensive control measures
using fumigation, aerial spraying, insect traps, quarantines, road blocks, and confiscation
of fruit finally brought this infestation under control. If irradiation techniques had been
available this task might have been easier and less expensive.

II. Description of experimental radiation source

The gamma-radiation source used in these studies consisted of 100 rods of metallic
radiocobalt, each % inch in diam. and 10 inches long, jacketed in aluminium to prevent
corrosion [1] [2]. These rods were neutron-irradiated in the NRX reactor at Chalk River,
Ontario. The 100 rods were arrayed in an aluminium rack to form a hollow cylinder, as
shown in Fig. 3. The central axial space reccives the highest radiation flux (about 200000 r/h
at the time these tests were made) and will accommodate a commercial No. 10 can (diam.

6136 in and length 7 in). The source is used in a “radiation cave” as illustrated in Fig. 4.

Fig. 3
Photograph of model of 3000-c cobalt-60 source used in Fission Products Laboratory, University
of Michigan

When the source is not in use, it is stored under 10 ft of water. Fig. 5 shows the rods in
the storage position under water, as photographed by the light of the Cerenkov radiation.
The water shielding enables the operator to enter the cave for the purpose of arranging
experimental apparatus or placing samples around the source position without experiencing
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Fig. 4
Radiation “cave” showing labyrinthine passageway, water storage well, shiclding and viewing mirror

significant exposure to radiation. Only when the operator has left the cave, and closed and
bolted the entrance door, can the source be raised into its operating position in the cave.
The source is raised by a hand-operated winch located outside the cave in the laboratory.
When the source is in the operating position, a mechanical interlock prevents the entrance
door from being openecd.

Fig. 5
Gamma-radiation source under water taken by the light of the Cerenkov radiation
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A concrete barrier-wall in the cave forms a simple labyrinthine passage that permits the
use of an ordinary door at the entrance to the cave. An opening in this door and two
6-ft-high mirrors allow observation of experiments in progress in the radiation cave.

TI. Study of irradiated infested fruits

Texas grapefruit infested with the epgs of the Mexican fruit-fly were obtained from the
US Department of Agriculture. These fruits were stored on beds of sand in special insect
cages to develop a colony of adult fruit-flies. Fresh grapefruit were placed in cages with the
adult flies to produce infested fruit used in the tests.

The effect of gamma-radiation at the egg and the first-instar larval stage was investigated,
using gamma-radiation treatments between 1 and 12 d after infestation. At the temperature
at which the fruit was kept, egg eclosion occurred between 6 and 12 d after oviposition.
Within the 12 days after infestation, the gamma-radiation acted mainly at an advanced
embryonic-egg stage and probably upon few specimens of first-instar larvae. Beyond the
12-d period, the majority of viable eggs were eclosed and some larvae were further than their
first instar. The dosages tested at this developmental period were 2, 5, 10, 20, 30 and 90 krad.
The results are listed in Table 1.

TaBiE I

DATA ON GAMMA-IRRADIATED GRAPEFRUIT INFESTED WITH THE MEXICAN FRUIT
FLY (AT EGG AND FIRST-INSTAR LARVAL STAGE)

Radja(tii:;-):dt)iosage Number of fruit Fmié:im“‘ Fupal recoveries Flies emerging
0 (control) 52 27 151 73
2 10 1 0 0
5 13 0 0 0
10 32 0 )] 0
20 13 0 0 0
30 33 ¢] 0 0
90 13 0 0 0

Insect damage or infestation and presence of pupae and fly emergence were evaluated by
frequent observations and dissection of the fruit in checking larval damage or larval
mortality in fruit that did not exhibit éxit holes or did not present natural recoveries. As
shown in Table I, the 5, 10, 20, 30 and 90-krad dosage-groups did not show the presence of
insects nor any trace of insect damage in any of the samples dissected. In comparison, the
control-groups related to these dosages showed an infestation of almost 529, an abundance
of pupal recoveries, and a 48.3% fly emergence.

The experiments at this developmental stage involved 166 grapefruit, all exposed to
similar conditions of infestation. Only 52 fruit, randomly separated as control, were not
irradiated, They proved to be the only group with infested fruit on which the normal insect
cycle was completed with subsequent fruit damage. From the 114 fruit that were irradiated
at various dosages, no further insect development nor damage were found, with the ex-
ception of one fruit at the 2-krad dose, which exhibited damage and two dead larvae inside.
Fig. 6 shows a half-section of an irradiated fruit on the left and a half-section of a control-
fruit on the right. Note the secondary damage in the control-fruit.
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Fig. 6
Half-section of irradiated infested fruit (on left) and a half-section of a non-irradiated infested
control-fruit (on right). Note secondary damage in control-fruit

The effect of gamma-irradiation of full-grown larvae was also investigated. It was possible
in this case to deliver radiation with a certain degree of accuracy within the developmental
period and to apply radiation to fruit known to be infested. Infestation of fruit was carried
out as in the developmental stages. In this set of experiments, radiation was applicd at the
time when exit holes were present and only to fruit showing these exit holes.

The fruit with exit holes were allocated randomly between the control and dosage groups.
The doses tested were slightly different from those of the previous experiments. It was
expected that a more differentiated dose would provide a better basis for evaluating results.
Doses of 5, 15, 45 and 70 krad were used; results are listed in Table II.

TaBLE I1

DATA ON GAMMA-IRRADIATED GRAPEFRUIT INFESTED WITH THE MEXICAN FRUIT
FLY (AT MATURE LARVAL STAGE)

|
R.zdm(ml)'x: dosage \ Number of fruit i Frui;;th:gicnsnm ‘ Pupal recoveries | Flies emerging ‘
| [
0 (control) 1 19 | 19 | 277 174 |
5 10 10 \ 82 0
15 ‘ 10 10 ' 53 0
45 10 10 27 0
70 k 6 6 12 0

Table 1I shows that many pupae recovered when the mature larvae were irradiated,
whereas no pupae survived when the irradiation was performed in the egg or first-instar
larval stage, as is shown in Table I. However, none of the pupae from irradiated fruit
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developed flics, whereas about 609 of the pupae from the control fruit produced flies
{cf. Table II),

IV. Conclusions about the effects of irradiation

Additional data were obtained on larvae irradiated at intermediate stages and on studies
of dissected fruit. The conclusion was made that a gamma-radiation dose of 5 krad (and
possibly less, based on limited tests at 2 krad) will break the life-cycle of the Mexican fruit-fly,
although the larval stage may survive appreciably greater dosages. Taste-panel tests showed
no changes in flavour, nor any other undesirable changes in grapefruit irradiated at up to
30000 rad.

V. Conceptual design for a raiflway mobile irradiator

The use of a mobile unit can be more economical than a built-tn irradiation facility when
the material to be irradiated is seasonal in nature. Rather than remaining idle for many
months between seasons, a mobile facility might be moved to Texas or Florida to irradiate
fruit; to Idaho or Maine to irradiate. potatoes; to Washington, Oregon or Michigan to
irradiate apples; to Kansas or Minnesota to irradiate grain,

A conceptual design is presented for a railway mobile gamma-radiation-facility that could
be moved to various citrus-shipping areas in Florida and Texas to sterilize fruit shipped
from infested areas [3]. The proposed railway gamma-irradiation-facility is shown in section
in Fig. 7. The estimated capacity of this facility is 10 t/h with a 10000-rad dose. This pro-
duction is accomplished through efficient absorption of gamma-photons, and use of a
simple, flexible conveying-system. The cost was minimized by using hot-rolled mild-steel
mill-plate, 2-in thick, for shiclding. Shielding thickness is varied from 4 to 16 in by varying
the number of plates with the radiation field. The steel shield is used to carry the car-load,
eliminating the structural undercarriage in the car. Double trucks are attached directly to
the steel shield which acts as the car frame. The total car weight is estimated to be 173 t.
Radiation sources are kept in two water-cooled lead containers weighing about 4 t each
and located on either side of the car. A gear box on the conveyor-drive permits variation of
conveyor speed to allow delivery of dosages from a few thousand rad to several million rad.

To operate the facility, the sources of radiation must first be installed. The shipping con-
tainers are water-cooled and arc supplied with a reserve tank of make-up water to replace
that lost by evaporation during shipment te the mobile facility. The shipping containers
“U” indicated in Fig. 7 are loaded into shield “Q™. A handwheel and crank are connected
to provide the mechanism to raise the source doors and to move the source elements out
of the shipping container.

When the car Is on location, the source doors are raised and sources “S” withdrawn from
lead containers “V™, making the facility operative, Fruit or other material to beirradiated
is brought in vie conveyor “A" from an adjacent warehouse, processing plant or grain
elevator and is fed inte buckets at point “B”. The conveyor in the car carries the material
from point “B™ past and over shield “C”, under shield “D” over shield “E” into radiation
zone “F”. After travelling the length of the upper pass “F”, a turn is made about sprocket
“G” and a lower pass “H” is made directly over sources “S”. A turn is made around
sprocket “I” and two identical passes “J*” and “L” are made below the source passing
around sprocket “K”, Thus the material is first irradiated from the underside of the buckets
in two passes and then from the top side of tbe buckets in two identical passes to equalize
the dosage on top and bottom of the conveyor buckets, The material leaves the radiation
zone, passing under shield “E", over shield “M’” and under shield *‘C”, travelling up incline
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““N” where a guide-cam tilts the bucket and empties it at point 0. Conveyor ‘“P* returns
the irradiated matcrial to the warehouse or processing plant.

A model of the proposed car has been built as shown, by courtesy of American Motors
Inc., in Fig. 8.

Fig. 8
Model of mobile irradiation-facility on rails—a railway car which would be moved from one food-
producing area to another for mass irradiation (Telephones give recorded explanation in English)
(Courtesy American Motors Inc.)
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DISCUSSION

THE CHAIRMAN (S. V. Andreev, USSR): There are two or three questions which I
should like to put to Dr. Brownell, First, I should like to know what kind of source,
and of what strength, he would use in his proposed vehicle? Secondly, what does he
estimate the treatment-capacity of the plant to be? And thirdly, did he observe any change
in flavour of freit after irradiation at 5000 rep ?

L. E. BROWNELL: In answer to your first question, the source originally designed for this
vehicle consisted of ten reactor fuel elements from the NTR reactor. Their strength varies
with age. During recent studies, however, we have found that a slight amount of induced
radioactivity is caused when fuel elements are used to irradiate fruit. At present we would
therefore suggest cobalt as a source, and the amount of radiation required depends upon
the capacity of the plant. Ten reactor fuel elements would have an activity of about two
million curies,

With regard to your second question, capacity does, of course, depend a good deal on
how efficiently the radiation is used, but to give you an idea, the installation might have
a capacity of 10000 Ib/h if we used a 3000-rad dose, for example.

Replying to your third query, there was no flavour-change in the citrus fruit up to doses
of 25000 rad, at which level a very slight change was detected by some taste-panel observers.
Most observers, however, detected no flavour-change until 50000 rad were reached,

A. R. GoPaL-AYENGAR (India): Would you not obtain a non-uniform dose using spent
fuel rods as opposed to a cobalt gamma-source ?

L. E. BROwNELL: That is quite correct; using spent fuel rods one would need a variable
speed conveyor-system. Working with a total of ten fuel rods we suggested substituting
two rods every month to maintain the activity, and varying the speed of the conveyer
system according to the level of activity of the rods. In the case of cobalt, which has a
much longer half-life, this problem would of course be much less serious.

K. K. NaIr (India): I should like to know whether the grapefruit you irradiated were
fully ripe or in process of ripening. If the latter was the case, did you observe any change
in ripening properties as between the control and the irradiated fruit?

L. E. BrownerL: Well, the grapefruit we received from Texas was the infested fruit, but
we raised our colony of insects and then bought fresh fruit on the open market. We did
not know Its age, but it was ripe, ready for eating. This fruit was placed in the insect cages
to become infested.

V. K. Sastry (India): Have any studies been made on carbohydrate change as a result
of irradiation?

L.E. BRowNELL: Yes. The numerous studies that have been made over a number of
years show that carbohydrates undergo breakage as a consequence of irradiation. Cellulose,
for example, breaks down into dextrins and eventually glucose, and after vegetables have
been subjected to large radiation doses an increase in sweetness as a result of this breakage
has been observed, However, carbohydrates, when irradiated, usually do not acquire an
objectionable flavour, and for this reason primarily carbohydrate fruit is quite free from
jrradiation flavour-changes, even after high doses.

G. KxisuNaMoorTHY (India): Is there any residual protective effect, so to speak?

L. E. BrownNELL: No, there is no residual protective effect, so that fruit that has been
sterilized by irradiation must be protected against re-infestation. Qur scheme was to irradiate
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fruit ready for transport from a growing area to another area free from the pest, and thereby
to prevent the spread of the pest. You see—and this is something the importance of which
is not always appreciated—we can do something with radiation that we cannot do with
insecticides, namely, guarantee 1005, destruction of the pest, including eggs, larvae and
pupae. Thus, provided we then store the sterilized product in insect-proof containers,
protection against insect infestation lasts indefinitely, The difficulty is, of course, in storing
many products, such as grain, in insect-proof containers, and where we do not do so the
enormous initial benefit of. 10094 sterility is lost. The aim must therefore be to store the
product in insect-proof ¢ontainers in areas where re-infestation is possible.

P. B. CorNwELL (United Kingdom): There are a number of points I should like to ask
Dr. Brownell. He meniioned that he was seeking, or has already obtained, approval for the
use of doses of 5 Mrad in food. May I ask first of all whether this is in respect of a specific
commeodity or of a variety of commodities?

L.E. BRownNeLL: The dose of 5 Mrad is that required to ensure protection of canned
meats or any protein substance against botulinum. Actually, a safety factor is here included,
the precise dose as determined being 4.6 Mrad. The 5-Mrad dose is thus equivalent to
thermal sterilization of protein foods,

The United States Army has carried out extensive studies on irradiation of foodstuffs
with the idea of improving the quality of food supplied to the armed forces in areas where
it is difficult to obtain commodities locally. Since irradiation can sterilize without cooking,
it is possible to prepare certain food items of better quality than when using the normal
canning methods. '

I should finally mention, of course, that for purposes of radio-pasteurization much lower
doses could be used.

P. B. CornwrrL: If food thus irradiated is in fact going to be supplied to the armed
forces, may we assumne that the recipients will tolerate any unusual flavours produced by this
high dose?

L. E. BRownNELL: We have worked for several years on this problem. Among our ex-
periments was one carried out two months ago, when I ate a steak irradiated at 5§ Mrad—
and left none of it. We have solved some of the problems of flavour-change in certain fruits.
It is true that the proteins are very susceptible to flavour-change, but we have found various
means of meeting this difficulty, All the basic studies and practical experiments on one
particular food-item have been completed, and the US Army Quartermaster Corps has
requested the Surgeon General's Office and the Food and Drug Administration to grant
approval for irradiation of this product. We believe that this approval will be granted, but
there is delay due to the need for a re-interpretation of the present law, which lays down
that no action may be taken which results in an increase in the radioactivity of any food.
This is the reason why we stopped using fuel clements, and also why we do not look with
favour upon the use of high-voltage elecironic accelerators. Now although no one, even
with the help of the most sensitive equipment available, has ever been able {0 measure any
induced radioactivity caused by irradiation with cobalt-60, physical calculations showed
that there is in fact some activity so induced. The amount is so small, however, that even if
you ate irradiated foods all your life, your exposure might be increased by the insignificant
extra amount involved in moving from say Chicago to Denver, i.e. to a higher altttude. As
I was saying, therefore, we are awaiting an interpretation of the law to the effect that zero
shall be deemed to be zero for practical purposes, and not theoretical absolute zero.

H. Huoque (Pakistan): Did radiation have any effect on the vitamin content of the fruit?
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L. E. BRowNELL: Vitamins are susceptible to radiation damage, ascorbic acid being
particularly susceptible. In fruit it is, however, partly protected by other free radical
acceptors. Thus, at a dose of 25000 rad there is no appreciable loss of vitamin C content,
Vitamin E, tocopherol, is also susceptible to radiation damage, being easily oxidized, and
we did an experiment at the University of Michigan to find out if vitamin E loss was being
caused by irradiation. We fed a colony of animals for four generations with wheat which
had been irradiated at 10000 rad for insect-control purposes. The animals’ sole source of
vitamin E was the whole wheat, and as you know, any shortage of vitamin E interferes with
reproduction, However, we had normal reproduction and exceilent growth, with the animals
altogether very healthy,

P. B. CorRNWELL: In the railway wagon irradiation-plant Dr. Brownell has described, is
the fruit subjected to rolling or is it placed in some sort of container? If the former, is there
likely to be a problem of damage, as does in fact occur when potatoes are rolled during
irradiation? :

L. E. BrownELL: As I explain in detail in my second paper (These proceedings, p. 233), we
have in many of cur designs preferred to use the bucket-type conveyor which pivots under the
force of gravity as it goes first over the source and then down and under it. By irradiating the
product thus from both sides one obtains a more uniform dose-distribution, and obviates the
need for any mechanical turning-over operation. The buckets would be loaded as shown in
the railroad car by means of a rubber belt-conveyor. The fruit would not be rolled, but of
course it would have to be fed into the buckets, With potatoes, which cannot be dropped
more than six inches without damage, there might be a difficulty here, but with citrus fruit
we think that there would be no damage.

A. R, GoraL-AYENGAR: How economically feasible do vou believe the use of insect-proof
containers to prevent re-infestation to be? Perhaps you could elaborate on the techniques
and methods you would employ?

L. E. BRownNeLL: Actually this is also a thing I discuss in my second paper. I refer
there to the use of both insect-proof elevators and storage bags. If we sterilize the
contents of an insect-proof bag this product can be kept free from insect damage for an
indefinite period, and a watch must be kept for chemical changes rather than for any others.
The same results can be obtained by keeping irradiated grain in an insect-proof elevator.
I hope that the clevators which 1 understand India is now building will not embody the errors
of design all too prevalent in the United States, I have spent considerable time discussing
with what I believe is the largest grain-handling company in the world—they handle $ 4000
million worth of grain annually—the feasibility of using radiation at their grain terminals,
Atpresent, up to % 50000 a year are spent at a terminal on insecticides. Although in the North—
where admittedly most of the grain storage is done —we are free from insect hazards during
the winter months because of the low temperatures, in the South fumigation and turning
may be necessary three times a year or more, with the annual cost of the insecticide alone
ranging from a tenth of a cent to about one cent per bushel, Long-term grain storage, there-
fore, can become an expensive proposition. Hence, irradiation might well be cheaper for
long-term storage purposes if we could treat the grain for a cost in the order of one to two
cents per bushel. 1t would certainly be cheaper than refumigating every few months in
warm climates.

P. B. CornwiLL: I wonder if Dr. Brownell is aware of the work going on in the Avstralian
Atomic Energy Commission at the moment on the irradiation of citrus fruits to control
dissemination of fruit-fly ? In Australia they have come, tentatively, to the same conclusion—
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that a dose of 5 Mrad is sufficient to inhibit the emergence of adults and that, in fact, this
dose produces no adverse effect on the comunodity. This is an application which was felt,
as the result of a recent survey of insect problems in that country, to be one of the most
promising, in that the present marketing arrangements, involving centralized handling
for export, provide the ideal framework for irradiation treatment; a mobile radiation
plant might also ease the strict quarantine regulations governing the distribution of citrus
across interstate boundaries.

L. E. BROWNELL: I am very interested to hear of this development.
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Abstract — Résumé — AmnoTauws — Resumen

Preliminary studies on the effects of gamma-radiation on honsefly popae with special reference
te the critical periods in relation fo the mechanism of emergence. Studies on the radiation
sensitivity of housefly pupae in different stages of development have been carried out with special
reference to the mechanism of emergence. The different dose levels employed were 500 r, 1000 r,
2000 r, 2500 r, 5000 r and 10000 r. The data obtained on percentage emergence in each group
indicated that the early stages of development were most sensitive to radiation, since a dose of
2000 r and above applied to 5-h-old pupae resulted in no emergence at all, while the same doses
applied to 30—80-h-old pupae did not appreciably affect the mechanism of emergence in these
groups. Development in the 2—5-h-old irradiated pupae was found to be complete, but the fiies failed
to emerge. The significance of the findings is discussed.

Etudes préliminaires sur V’irradintion gamma de la pupe de Ia mouche commune, notamment pendant
les périodes critiques, et de ses effets sar le processus d’éclosion. On a étudié la radiosensibilité de Ia
pupe de la mouche commune au cours des différentes phases de son développement, notamment
les effets des rayonnements sur Ie processus d’éclosion. Les doses d'irradiation étaient de 500 r,
10001, 2000 r, 2500 £, S000 1 et 10000 r. Les données recueillies sur le pourcentage d’éclosions dans
les différents groupes montrent que la radiosensibilité est plus &levée au début de I’évolution puisque
T'application de doses d’au moins 2000 r 4 des pupes fgées de 5h a supprimé toute éclosion,
alors que Papplication des mémes doses & des pupes dgées de 30 4 80 h n’a pas eu d'effet sensible sur
le processus d’éclosion, On a constaté, en ouire, que les pupes irradiées lorsquelles avaient 2 et 5 h
parvenaient a leur plein développement, mais sans donner naissance & des mouches. L’autenr étudie
la portée de ces constatations.

ITpeapapETeabHGIe HCCACAOBAHMA E 00NIACTH BO3ACHCTBAS raMMA-paTEANNE HA JOMEEKY KOMBATHEOH
MYXH € 0Co0LIM YKROHOM EA KPNTHCCKRE DEPROLL, CBE3ANELIC ¢ MEXRHKIMOM HONBJIEHHS IWIHEKH.
liporomunucek Hcoclcgobaliva B OOGNACTH TYBCTBMTENBHOCTH K DAJMOAKTUEHOMY OODIYHEHHIO
JNHIMHEH KOMHATHON MYXHM Ha PA3HBIX CrANMAX PAIBHTHA ¢ 0CODBIM YIUICHOM HA MEXARMIM HOSBIE-
HUR AAIHEKY. TIpAMeHANHCE CeRYIOMMe PAasNAYHbe aoiel: 500, 1000, 2000, 2500, S000 u 10000
pearres. IMopydeHnsle AaHHERIE O IPOLENTE BEIBOAOSIOMXCA JIMMMHOK B XKaXOOU rpynme mokasanm,
WTO PaHHHC CTAMMH DA3BATHA BAWGOMNer TYBCTEBHTEILHH K DANMALRH, Tak Kak moza B 2000 peHIren
H Oonbine, NpUMEHeHHAA K JMYMEKAM B BOZDACTE 5 TdcoB, UOpHpBana aanpReiiiiiee pasBuTHE
JMYMHKH, B TO BPEMH EAK Té e CAMBIC NO3EI, UPHMEHHBE K JIHIHMHKaM B BO3pacte oT 30 no
80 vacos He OKazams JMETHOTO BIMARNS Ha JIEYUHFM B 3THX IPYINax. boiee Toro, HaGHOO/IOCH
TAKAE, ITO B CHAYTAae ¢ JIMIMHKAMH B BO3pPACTe 2 9aca H 5 wacoB pasBATHE OO/yMeHHON JNITHHKHE
Oblno DOMEEM, OAHAKO MYXH He pPoxIamch. PaccMarpuBastca 3HAYeHHe >THX BEEOIOB.

Estudio preliminar de los efectos de las radiaciones gamma sobre las larvas de la mosca comiin,
particularmente en los periodos criticos para Ia eclosion. Se ha estudiado Ia radiosensibilidad de las
larvas de mosca comiin, en diversas etapas de su desarrollo, dedicindose particular atencién al
proceso de eclosién. Las dosis de radiacion utilizadas fueron de 300, 1000, 2000, 2500, 5000 y
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10000 r. Los datos relativos al tanto por ciento de eclosidn en los diferentes grupos indican que los
organismos presentan mayor radiosensibilidad en las primeras etapas de su desarrollo, puesto que
la aplicacién de una dosis del orden dz 2033 r & larvas de 5 h impidio totalmente su eclosion, mientras
que la irradiacion de larvas de 30 a 80 h con dosis similares no influy& sensiblemente sobre el proceso
de eclosidn en estos grupos. Ademis, se observd que si bien el desarrollo dz las larvas de 2 h y de 5h
irradiadas fue completo, Jas moscas no aparecieron. El autor analiza el significado de estos hechos.

. Introduction

The effects of ionizing radiations on insects have been adequately reviewed by HrucHey [13.
It is known that radiations can cause immazdiate death in a stadinm or bring about noticeable
deleterious changes in the later stages of developmznt. It is not uncornmon to find retardation
of development as a consequence of these changes. An example of this effect is the delay
of pupation in the irradiated larvae of Drosophila melanogaster [2—4]. BOURGIN et al. [4],
by using a variety of experimental conditions, have attributed this delay of pupation to
radiation damage to some target-organ in the anterior third of the body, most likely the
ring gland. As an example of long-term effects of radiation may be mantioned the work
of Davis et al. {5] on the pupae of the mosquite, Anopheles guadrimaculatus. The present
work was undertaken with a view to studying the effects of different doses of gamma-
radiation on housefly pupae at different stages of development, with particular reference
to the mechanismy of adult emergence.

II. Material and methods

Pupating third-instar larvae of the housefly, Musca domestica L., were removed from
the larval containers and allowed to pupate in beakers containing moistened cotton. The
age of the pupa was calculated from the time at which the puparium became pigmz=nted.
About 50 pupae from each of the 5, 10, 20, 30, 50, 60 and 80-hour-old groups were expased
to gamma-radiation from a cobalt-60 source. The doses employed were 500r, 1000r,
2000, 2500r, 5000 and 10000r. The dose rate was approximately 280 r/min. After
irradiation the pupae were transferred to suitable containers for emergence. Each experiment
was repeated four times. The number of adults emerged in each case was recorded as
percentage of the number emerged in the controls.

IIL. Results and discassion
The results obtained are presented in the following table:
TaBLE 1
ADULT EMERGENCE EXPRESSED AS PERCENTAGE OF CONTROLS

Ago of the pupss at the time Adult emergence { %) after given dose (1}
of irradiation ¢h) 500 000 | 2000 200 | seo0 | 10000

5 95 24 0 0 0 0
10 95 89 0 0 4] 0
20 95 84 0 0 1] 0
30 98 Qo3 81 94 68 72
50 100 99 100 97 99 93
60 100 87 98 93 79 84
80 100 89 100 95 g4 84
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It is apparent that doses of 500 r and 1000 r did not appreciably affect the emergence
of adults in any of the age groups studied. Marked lethal effects were observed only in
the 5 to 20-h-old pupae exposed to doses of 2000 r or more. Complete failure of emergence
occurred in all these groups. These results are somewhat different from those obtained
by DAvis et al. [5] in their studies on mosquito (4. quadrimaculatus) pupae of various ages
exposed to a dose of 8865 r of cobalt-60 gamma-rays. They stated that, although irradiation
did not significantly reduce the number of adults emerged, mortality of the adults after
three days was highest among the groups exposed as 1-h and 4-h-old pupae. The response
of the 5 to 20-h-old housefly pupae to gamma-radiation was different in that there was
total failure of emergence when exposed to a dose of 2000 r or more. When these pupae
were dissected out from the puparium and examined, it was observed that development
and differentiation had proceeded as in the controls. Figs. 1A, 1B, and 1C show
pupae 20, 70 and 96 h old, respectively. Fig. 1D shows a pupa 96 h old which was exposed

Fig. 1
Pupae of the housefly at various stages of development. A: 20-hour-old pupa; B: 70-hour-old
pupa; C: 96-hour-old pupa; D: 96-hour-old pupa which was exposed to 2500 r when 5 h old

to 2500 r when 5 h old. Detailed examination of the external morphology of these specimens
indicated that irradiation did not affect the eversion of the cephalic and thoracic imaginal
discs. The wings and legs had undergone development to the same extent as controls.

The foregoing observations indicate that the imaginal discs which, by differentiation,
give rise to the adult form, appear not to be susceptible to the levels of radiation used.
Since unemerged pupac in irradiated and in control groups possessed identical morphological
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features, the factors contributing to failure to emerge as a consequence of irradiation could
not be ascertained from external morphology alone. Detailed investigations on the extent
of anatomical and physiological damage in such groups are in progress.

Data on emergence obtained for the other age-groups show that there is a sudden drop
in the radiosensitivity of pupae from the age of 30 h onwards. Since it is known [6] that
susceptibility to gamma-radiation is inversely proportional to the degree of differentiation
of the tissues, the higher percentage of emergence observed in these groups at all levels
of radiation employed would imply that differentiation of tissucs in the housefly pupae
progresses rapidly from 20 to 30 h after pupation, at the end of which time most parts
of the adult fly can be distinguished. Such a possibility had already been indicated [7].

IV. Summary

Studies on radiation sensitivity of housefly pupae of various ages exposed to different
doses were carried out, with special reference to the mechanism of emergence. The data
on adult emergence in the various groups indicated that the early stages of development
(up to 20 h) were most sensitive to radiation. A dose of 2000 r applied to pupae 5 to 20 h old
did not produce any emergence, whereas even higher doses applied to pupac 30 to 80 h old,
had very little effect on the emergence mechanism. In spite of completed development,
the flies of the first group failed to emerge. The significance of these findings is discussed

briefly.
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DISCUSSION

P. B. CornweLL (United Kingdom): While T was very interested to hear that Dr. Nair’s
results confirm those recently obtained by Donnelly, who also finds this marked transition
in susceptibility with the age of blowfly pupae (Lucilia sericara), 1 feel that we should be
a little careful here in the interpretation. I very much doubt whether the marked change
in emergence is altogether connected with the degree of differentiation of the pupae, and
one should bear in mind that there could be another, very simple, explanation. We know
that when adult insects are irradiated there is a delay in response, a period of lethargy,
and death may occur quite suddenly a few days after irradiation. Therefore, if we irradiate
the pupal stage a sufficient number of days before emergence we might again expect delayed
death, mortality occurring at just about the time of emergence. If we irradiate a considerable
time before emergence, death will occur in the pupal stage. If we irradiate nearer the time
of emergence, the adult will indeed emerge and death will supervenc a few days afterwards.
With irradiation we are also concerned here with the production of deformities; since,
in fact, emergence depends on a certain amount of physical activity on the part of the
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insect, emergence from the pupal case may be prevented either directly, by induced Iethargy,
or by deformity. Frequently, for example, we have observed the state of adult weevils
half emerged from infected grain. In all, then, we shall expect a very marked transition
in the pupal stage, not necessarily related to the degree of differentiation of the tissues
but specifically related to the time when this irradiation is carried out in relation to the
delayed-response period.

K. K. Nam: Well, I still feel that this transition may be related to the degree
of differentiation, and this has been confirmed by Wilson in his studies on rat embryos.
When irradiating the embryos within the uterus itself he observed that the early stages
of development were the more sensitive, the later stages being insensitive to both levels
of radiation employed in his test. I would admit, of course, that this is only a suggestion,
and I do not profess to know the actual mechanism by which radio-susceptibility is influenced
by the degree of differentiation.

P. B. CorNwgLL: In the comments you have just made you were referring to radiation
effects on an embryo, the susceptibility of which, I would agree, is markedly affected by
age. I also do not deny that there are changes in suscepiibility in the pupal stage. It is just
that I feel one should also take into account the physical factor of delayed response in
interpreting experimental data.

THE CHARMAN (8. V. Andrecv, USSR): Have you ever observed in your experiments
any cases of stimulation or other changes of development in insects in their various
stages—eggs, larvae or pupae?

K. K. Nair: No.
THE CHARMAN: Although Dr. Nair refers to his studies as being of a preliminary nature
only, I consider that they already throw a very interesting light on some important uses

of radiation; I hope that he will continue these investigations in view of their practical
significance.

14+






THE EFFECTS OF CONTINUOUS AND FRACTIONATED
DOSES OF GAMMA-RADIATION ON THESURVIVAL
AND FERTILITY OF
SITOPHILUS GRANARIUS (CALANDRA GRANARIA L.)*

D. J. JEFFERIES
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Abstract — Résumé — AnpoTampas — Resamen

The effects of continuous and fractionated doses of gamma-radietion on the survival and fertility
of Sitophilus granarius (Calandra granaria L..). Calculations have shown that many megacuries of
Co6® are required to disinfest grain at 16500 rep, the dose level evalvated for commercial treatment,
at 200 t/h, the minimal handling rate demanded by the trade. Maximum efficiency in the use of the
radiation plant might be obtained with sources of lower curie strength to ensure continnous operation
if the full dose for sterilization could be given in a process of repeated passes, The question arises as
to whether many sub-lethal and sub-sterilizing doses will provide the same measure of control as
continuous treatment.

Accordingly, an investigation was made into the effect of dose fractionation on the radiation
susceptibility of the grain weevil, Sitophilus granarius {(Calandra granaria L.). Comparison of fractio-
nated and continuous treatment showed differences in survival and fertility which may be attributed
to “recovery” of somatic and reproductive cells during the intervals between treatment. Differences
in survival were obtained in all developmenial stages, being particularly marked in pupae; recovery
was obtained with intervals of 10 min and longer, the process being governed by the number of
fractions, fractionated dose and interval temperature. Recovery in reproductive capacity was obtained
in irfadiated eggs, larvae, pupae but not in adunits. Whilst these effects are manifest at low doses, frac-
tionated treatment does not adversely affect the degree of conirol achieved at the commercial dose-
level.

Effets de doses continues et de doses fractionnees de rayons gamma sur la survie et ka fertilité du
Sitophilus granarius { Calandra granaria L.}. Les calculs ont montré qu’il faut un bon nombre de
mégacuries de cobalt-60 pour désinfecter des céréales par une irradiation de 16500 rep, dose estimée
nécessaire pour le traitement industriel 3 raison de 200 tfh qui est la cadence minimum exigée.
On pourrait utiliser les installations d'irradiation avec le maximum d'efficacité tout en employant
des sources moins intenses, 5'il était possible d’administrer Ia dose totale, nécessaire 4 Ia stérilisation,
par fractions successives. La question est de savoir si des doses répétées inférieures & la dose létale
ou stérilisante assurent le méme degré de désinfection quune dose forte unique.

On a done étudié Peffet du fractionnement de la dose sur la radiosensibilit¢ du charangon du blé
(Sitophilus pranarius [Calandra granaria L.]}. La comparaison entre les effets du traitement fractionné
et ceux du traitement continu a révélé une différence dans la survie et la fécondité de I'insecte, qui
powrait &tre due 4 une «guérison» des cellules somatiques et germinales durant les intervalles qui
séparent les irradiations. Des différences dans la survie ont été observées & toutes les phases du
développement de 1'insecte, mais elles étaient particuliérement marquées chez les pupes. La «guérison»
§’opérait lorsque les intervalles étaient de 10 min ou plus, ce processus étant influencé par le nombre
et Fintensité des doses particlles ainsi que la température au cours des intervalles. La faculté de
reproduction est reparue lorsque Iirradiation était limitée aux ceufs, larves et pupes, mais les adultes
jrradiés sont restés stériles. Ces effets se manifestent sous 'action de faibles doses, mais le traifement
fractionné n’a pas d’incidences défavorables sur le degré de désinfection, aux doses employées pour
Je traitement industriel.

* Fuyll details of the experimental work presented in this paper are given in a report of the U. K. A.E. A,
Research Group, A.E.R.E. R. 3503,
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Bimamme MCNPEPHBHBIX H PAIJESeHHBIX 7103 TAMMA-OONYICHAA Bi BHCENEANHE R DAORDBHEOCTEH
Sitophilus granarius (Calandra granaria L.) PacuerTst 0OK&340E, 9TO I8 TPOMBIHICHHOTO YHHETO-
HEHMA BpexuTencd B 3epHe Tpebyerca GONbLMOS YHCTO METaElopH KodameTa-60 mpr 16500 dop,
{o3a A xommepieckoli ofpaborkd) ua 200 T/v, TTO ABMAETCA MEHHMANEHOH 3KOHOMHYSCKH
Brroanol ckopocthio 06 paforEs. MarcamansHan 3$deKTHBHOCTS PATHAMHOHHOM YCTAHOBKH
MORET GBITE FOCTHIHYTA OPH HAUMMTHA HCTOYHAKA ¢ MeHBICH MONIHOCTEIO B KIODH AN oGecnene-
HAA HEMPEPLIBHOCTH OLEPAIME, SCIH MOXKHO OOSCIICINTE HONMHYO JO3Y CTEPHAHIAIM E IPOLECcCE
moBTOpsaroieiics 00paboTen. Bosauraer Bompoc, Be obeceynT MM HONBHIOE KOIMIECTED CYOIeTaNE~
HBIX H cYOCTEPUWIBHBIX 103 TY & CTEUSHb KOHTPOJH, 9TC A HEmpephsdas obpaboTka.

B coorpnercren ¢ 3THM ORUIO NPOBEEEHEO HCCIEAOBAHNE PA3GETICHHA JO3H HA BOCHPHHMIABOCTE
3ePHOBOTO DONMroHocuka Sitophilus granarius (Calandra granaria L.) x obnysemuro. Cpasrense
pasnencHHON M HempepHEHOH o6paGOTOX MOXA3ANO HADMAC DAZIHIHY B BLDKHBANHH B ILIOHO-
BATOCTH, 9TC MOXET OWTL OOLACHEHO ,BOCCTAHOBIEHAEM™ COMATHYECKHX H BOCIPON3IBOAHLINK
ENETOK BO BpeMs HHTEPBAIOB B Xome o0paboTin. Pasnuuus B eMxvBaAun EaDIIOJANIHCE HA BOEX
crafmuax pasBHTHR, OCOOEAO HA CTAMAM KYKOKH; BOCCTAHOBIGHHS NPOHCXOARID ¢ MHTEPBANAMEA
B 10 MuAyr ¥ Gones, NPOLECC OOPENSNANCH GMCIIOM JSNCHHH, PAIMEPOM PRjeIeHHOH IO3H M
TEMOCPATYPOR BO BpeMa HETCPBAAd. BOCCTAHOBIEHHE BOCIDOM3BOOANGH CHOCOGHOCTH HadIIoa~
7noch B OGNyveHHBIX #ITAX, JIMAUHEAX, KYEOIKAX, HO HE ¥ BADOCHEIX ocofefi. XoTd 3TH BIMAANS
ABJLTIOTCA OYEBHAHLIMM HpH HA3KHX J034X, paifie/eHHas o8paGoTsa He OKAIWBACT BPEOHOIO
BO3AcHCTBEA HA CYCMeHE KOBETPONA, AOCTATHYTYIO OPH OONYYCHME KOMMEPYECKMMHE TO3AMH.

Efectos de dosis continmas v fraccionadas de rayos gamma sobre la supervivencia y fecmdidad del
Sitaphilus Granarins ( Calandra Granaria L.). Los cileulos efectuados por el autor demuestran que se
requiere una fuente de5%Co de muchos megacuries para esterilizar cereales con 16500 rep, esto es,
una dosis que se considera apropiada para el tratamiento comercial, a razén de 200 t/h, que es el
ritmo minimo exigido en el comercio. 51 la dosis total esterilizante pudiera administrarse en una
serie de exposiciones repetidas, el rendirniento mdximo de Ia instalacién de irradiaciém se alcanzaria
utilizando fuentes de pocos curies que permitan Hevar a cabo un tratamiento continuo. Se plantea
la cuestién de saber si muchas dosis inferfores a la letal ¥ a la esterilizante producirin los mismos
efectos gque un tratamiento continuo.

En consecuencia, se han estudiado los efectos del fraccionamiento de la dosis sobre 1a radiosensibil-
dad del gorgojo de los cereales Sitophilus granarius (Calendra granaria 1.). La comparacion entre
Ia irradiacién continua y el tratamiento con dosis fraccionadas revela diferencias en la supervivencia
¥ fecundidad de Ios insectos; estas diferencias pueden atribuirse a la “recuperaciéon” de las células
somidticas ¥ reproductivas durante los intervalos que median entre las irradiaciones. Las diferencias
de supervivencia se observaron en todas las fases del desarrollo, siendo mas acusadas en Ias ninfas;
se registraron recuperaciones coh intervalos de 10 min y mds largos, siendo factores determinantes del
proceso el mimero de fracciones, la dosis fraccionaria y la temperatura durante los intexvalos. La
recuperacién de la capacidad de reproduccion se observd en los huevos, larvas y ninfas irradiadas,
pero no en los adultos. Si hien estos efectos se manifiestan para dosis bajas, el tratamiento con dosis
fraccionadas no afecta desfavorablemente al grado de esterilizacién obtenido con dosis comerciales.

1. Introduction

Investigations into the possible use of ionizing radiations for the control of insects in
stored foodstuffs have been concerned primarily with the radiation susceptibility of
specific pests, Lasioderma serricorne [1] [2], Tribolium castaneum [3], Tribolium confusum
[4—6], Trogoderma granarium [7] and Trogoderma sternale [81. At this Establishment,
small-scale tests have been carried out on seventeen species infesting cereal commodities [9];
a detailed study has been made of the radiation susceptibilities of the grain weevils, Sito-
DPhilus granarins (Calandra granaria) and S. oryzae (C. oryzae) [10], with an appraisal of the
fundamental and applied problems of disinfesting grain by gamma-irradiation [11]. Many
megacuries of Co% would be required to treat grain at 200 t/h (the minimum handling-rate
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demanded by the trade) at the dose level of 16500 rep for effective sterilization [10]. Smaller
sources could, however, be employed if treatment were carried out by a series of repeated
passes involving the circulation of grain from one storage bin to another. The present studies
were carried out to compare the biological efficiency of continuous and fractionated treat-
ments on different stages of S. granarius; the size of the fractional dose, number of fractions,
interval time and interval temperature were also investigated.

II. Methods
(&) INSECT CULTURE

A strain of 5. granarius from the Pest Infestation Laboratory, A.R.C., was reared and
maintained on Manitoba wheat at 26°C and 76% relative humidity. Tmmature stages of
required age were obtained by placing adults to oviposit for 24 h followed by incubation.
The rate of development of S. granarius under these culture-conditions has been given in
detail [10]. Adults of known age were obtained by daily removing the newly emerged insects
from stock cultures, and retaining them on uninfested wheat until required for irradiation.

{b) IRRADIATION TECHNIQUE

Irradiations were carried out at dose rates varying from 5000—10000 r/h at 25° to 35°C.
Doses measured in rep {toentgen-equivalent-physical, corresponding to an energy deposition
of 93 erg/g of tissue) were delivered with an accuracy of 1= 32/, Samples of 40 adults were
irradiated on 100 grains of wheat; samples of immature stages consisted of 100 grains of
infested culture medium. Manitoba wheat may be treated with doses up to 50000 rad without
adversely affecting weevil development [12). Samples were maintained at 26°C during the
intervals between fractionated irradiations unless otherwise stated.

{c) EXPERIMENTAL PROCEDURE

Five samples of adults were used in each treatment. After irradiation each sample was
incubated on 100 g of grain and examined periodically for survival. The surviving insects
were transferred to fresh grain 28 and 56 d after irradiation, and discarded at 60 d.

Ten samples of eggs, larvae and pupae were used in each treatment. After irradiation,
pairs of samples were combined and retained on 200 grains of uninfested wheat. Adults were
counted 28 d after the beginning of emergence, and were periodically transferred to 100 g
of grain throughout the emergence period. They were subcultured at 34 d and discarded at
62 d. Counts of progeny were made 7 and 9 weeks after initial inoculation.

(d) HANDLING OF DATA

Three criteria were used to assess differences in the radiation susceptibility of develop-
mental stages:

(1) Numbers of aduits emerging from the grain,
{2) Survival after emergence.
(3) Production of adult progeny.

Appropriate corrections for the controls [13] were made to the data for emergence and survi-
val. Fertility was expressed as the average number of progeny per live parent for certain
periods after emergence (for immature stages) or after irradiation (for adults). These were
then expressed as a percentage of progeny production in controls. Numerical data were
treated by probit analysis using reiteration on the Mercury computer, A.E.R.E., Harwell.
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1. Experimental

THE EFFECT OF FOUR FRACTIONS AT INTERVALS OF 24 h

In the first experiment, continuous and fractionated treatments were given, at a range of
dose levels, to eggs (0—4 days old), larvae (7—I11 days old), pupae (28—32 days old)
(Table 1) and adults (7—11 days old). Samples given interrupted treatment received the
first fractional dose on the first day of the age range; those given continuous treatment
contained equal propertions of aged insecis spanning the range. Similarly, untreated controls
were of two typés comparable with the age composition of the two types of irradiated
samples,

TaBLE I
EMERGENCE FROM IRRADIATED EGGS, LARVAE AND PUPAE AS A PERCENTAGE
OF CONTROL
Eggs Latvae Pupaie
Total Contin- | Fraction- Total Contin- | Fraction- Total Contin- | Fraction-
Dose uous ated Dose vovs ated Dose uous ated
500 96 97 500 99 93 500 98 82
300 89 1423 98 86 1423 114 124
1000 85 2010 107 94 2010 108 102
1100 58 2500 96 2840 107 107
1423 35 70 2840 68 U | 4012 102 103
2010 15 47 3000 68 4500 105
2500 2 3350 30 4900 78
2840 7 7 3600 18 5250 77
3250 7 1 4012 1 98 5666 104 109
4012 0 0 4500 96 6250 30
4900 88 7000 8s 111
5250 67 3004 06 102
5666 ) 43 8500 130
6200 17 9000 47
8004 0 0 9750 53
11310 0 0 10500 58
20000 0 0 11310 95 63
20000 59 102

Note: Values over 1009 indicate that more adulis emerged from irradiated samples than from
controls — a stimulatory reaction which is marked on irradiation of pupae.

Regression equations (Table I1) allow calculation of the dose levels which permit
50%; emergence, With eggs there was no difference between continuous and fractionated
treatments; the dose level allowing 50°%/ emergence from irradiated larvae increased from
3117 to 5546 rep (P<<0.1%4). The dose level for 50% emergence from irradiated pupae was
outside the range investigated.

Further regression equations (Table III) relating dose and survival of the emerged adults
60 d after irradiation show that the dose level for 50% mortality is significantly increased
by fractionated treatment in all stages, particularly for pupae and larvae (Figs. 1 and 2).
From the practical viewpoint of insect control the dose levels for 99.9% miortality are of
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Fig. 1
Percentage survival 60 d after irradiation of eggs and larvae by continnous and fractionated
treatments (calculated curves)
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Fig. 2
Percentage survival 60 d after jrradiation of pupae and adalts by continuous and fractionated
treatments (calculated curves)
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greater significance than those for 50%;. Using the equations shown in Table III the following
values {Table IV) were derived for fractionated treatment:

Tape IV
DOSE LEVELS FOR 99.9% MORTALITY

Stage + stm?zs:rmr Dase (rep)
Eggs 3,7197 + 0.1009 5240
Larvae 3.9145 3- 0.0291 8210
Pupae 4.1526 -+ 0.0942 14210
Adults 4.2202 + 0.0430 16610

The calculated doses for 507 reduction in fertility (Table VII) during the first month of

oviposition are significantly increased by fractionated treatment with eggs, larvae and pupae
but not adults. There is no foundation for the suggestion, based on preliminary work of
JEFFERIES 2f al. [14], thatfractionated treatment may lead to redevelopment of fertility in adults.

The caleutated doses for 509, reduciion in fertility during the second and third months’
oviposition were as follows:

TABLE V
DPOSE (rep) FOR 50%;, REDUCTION IN FERTILITY
Stage irradiated ovipasition Creatment. Fereatment.
Egp 2nd 1251 1691
3rd 1206 1242
Larva 2nd 2406 4394
3rd 2339 4214
Pupa 2nd 1655 2791
3rd 1355 2565
Adult nd 1495 1343
3rd 1097 1366

Again, for the purpose of insect control the dose levels for 99.9%] reduction in fertility are
of significant interest. From the equations in Table VII the following values werc obtained
for fractionated treatment:

TABLE VI
DOSE LEVEL FOR FRACTIONATED TREATMENT (99.9% REDUCTION IN FERTILITY)
sas Lariee Dose
Eggs 3.6473 + 0.1434 4440
Larvae 3.8982 + 0.0123 7910
Pupae 3.9565 -+ 0.0539 9050
Adults 42110 + 0.1035 16260
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THE EFFECT OF VARYING THE INTERVAL TIME

Differences in the radiation susceptibility of weevils subject to continucus and interrupted
treatments indicate the existence of a “recovery” process during the intervals between
fractional doses. The second experiment was carried out to examine the interaction of this
process with the interval time. To make this study as critical as possible, particularly for
the purpose of investigating the effects of short intervals, doses were chosen which afforded
95% mortality with continuous treatment. These were, respectively, 2339 rep (4 X 585)
for eggs, 3673 rep (4 X 918) for larvae, 6670 rep (4> 1667) for pupae and 6510 rep (4 1627)
for adults. Intervals of 10min, 30 min, 1 h, 2h, 4 h and 1 d were allowed between four
fractions. A 2-d interval was also used for pupae and adults.
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Fig. 3
Survival of developmental stages in relation to interval time in fractionated treatments

Nofte: The survival curve for pupae is much lower than would be expected at 6670 rep and may be
accounted for by an error in the irradiation

The extent of recovery between treatments is reflected in the inerease in survival and
fertility with increasing interval. Recovery of somatic cells is rapid and almost complete in
4 h (Fig. 3). Increasing intexvals produced only slight differences in the fertility of eggs, and
no recovery of germ cells in irradiated adults (Table VIII). Larvae, however, showed a marked
increase in fertility with intervals up to 2 h. The fertility of pupae was not tested.

THE EFFECT OF THE NUMBER OF FRACTIONS

Changes in susceptibility, afforded by varying the nuamber of fractions, were tested with
adults using twe doses, 6510 and 7500 rep, divided into 2, 3, 4 and 5 fractions applied at
24-h intervals. Survival increased markediy with the number of fractions (Fig. 4); recovery
was most marked during the first three intervals (up to about 709 survival), becoming
progressively diminished with further subdivisions of dose.
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TABLE VIII
THE EFFECT OF VARYING THE INTERVAL TIME ON FERTILITY OF EGGS, LARVAE
AND ADULTS
Progeny per parent &5 a perceniage of control
Interval time Eggs Larvas Adults
(4% 5851) {4x918r) {4x1627r)
Contingows treatment 129 1.0 11
10 min 2.5 2.5 1.1
30 min 178 0.0 1.3
1h 15.1 323 0.8
2h 250 46.6 0.9
4h 122 54.8 0.7
1d 15.1 474 0.6
2d —— — 4.3
100 CONTROL
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Fig. 4

Survival of adults 60 d after irradiation with fractional doses at I-d intervals
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THE EFFECT OF INTERVAL TEMPERATURE

It is recognized that within certain limits the rate of metabolism increases with temperature.
To investigate the effect of temperature on the recovery process, adults were irradiated with
6510 rep by continucus treatment and with doses divided into 2 and 4 fractions, with 1-d
intervals. Irradiations were carried out at 26°C; interval temperatures were 1°, 10°, 15°,
26° and 30°C, with all samples maintained at 26°C after the irradiation treafments had
been completed.,

160 CONTROL
80t
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701 & x 1627 REP
B0
2 sof
|
2
& 2 x 3255 REP
30}
201
0k
oboz--=-----~ SINGLE DOSE 6510 _REP__ _ __ _
1 10 15 26 30
INTERVAL. TEMPERATURE (®C)
Fig. 5
Survival of adults 60 d after irradiation in relation to the interval temperature in fractionated
treatments

At low temperatures, trends in survival (Fig. 5) were not consistent; with four fractions
there was a decrease in survival with increasing temperature from 1° to 15°C, and a marked
increase in survival from 15° to 30°. With two fractions, the initial decrease in survival was
followed by an increase from 10° to 30°C. There was no significant difference in survival
between controls held during the intervals at 1° and 30°C (2 fractions: P = 40—30%;
4 fractions: P>>90%) or at 1°C and 15°C (2 fractions: P == 60—50%; 4 fractions:
P=10—59%). As previous experiments had indicated no effect of fractionation on recovery of
fertility in irradiated adults, progeny counts were confined to treatments shown in Table IX:
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TasLe IX
PROGENY COUNTS FOR VARIOUS TREATMENTS
Treatment Progeny/parent as ¥ of eontrol
6510 rep continuous treatment 1.1
4 1627 rep fractionated treatment with
interval temperatares 15° C 0.9
26°C 0.6
30°C 1.0

Accordingly it may be concluded that the interval temperature has no effect on the suscept-
ibility of the gonads.

THE EFFECT OF TEMPERATURE DURING IRRADIATION

As the rate of recovery of body cells varies with the interval temperature, irradiation over
several hours at a low dose-rate and at high and low temperatures should show the presence
of recovery during the irradiation period. Adults, 28—29 d old, were irradiated with 4500
rep at 450 rep/h. Fifteen samples of 50 insects were treated at both 7°C and 29°C. Controls
were also retained at 7°C and 29°C during the 10-h irradiation period. Fertility was tested
during an oviposition period of ene month.

Percentage survival, compared with controls, 60 days after irradiation was 102 4 3%
and 78 - 3% at 29°C and 7°C, respectively; the difference is highly significant (P<Z 0.17).
Differences in fertility (2.1 & 0.2 and 1.9 4 0.1 progeny per parent) were not significant.
There was no difference in survival (P — 50—40°%) or fertility (P — 20—10%;) between
untreated controls retained at the two temperatures. Thus recovery of somatic cells also
progresses during irradiation at low dose-rates, particularly at high temperatures.

THE EFFECT OF TWO FRACTIONS AND INCREASING INTERVALS

The final experiment was devoted to investigating the amount of recovery in a single
interval of 4 h to 10 d. Adulis, up to 11 days old, were treated as shown in Table X:

TaABLE X
TREATMENTS ON ADULTS UP TO 11 DAYS OLD TO TEST AMOUNT OF RECOVERY

Dose (rep) Time intervals

Fractionated treatments 2 X 4100 = 8200 4h; 1,15, 2 3,4,5 17, 10d

2 x 3750 = 7500 4h: 1, 1.5 2, 3, 4,5 7 1icd

2 x 3255 = 6510 10, 30min; I, 2, 4h; 1, 15, 2, 3, 4,

5 7, 10d

2 x 3500 = 7000 1d

2 x 3000 = 6000 1d

2 x 2500 = 5000 1d

Continmous trearments 8200, 7500, 6510, -_—
4100, 3750, 3500, 3255, 3000 and 2500
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The effect of the first three treatments on survival, 60 d after irradiation, is shown in Fig. 6.
Survival gradually increased with interval time, except at 2 d when in all cases it was lower
than at 14 d. There was no further increase in survival above the level afforded by one
fractional dose Thus, insects surviving the first fractional dose, and given a sufficiently
long interval, are able to withstand a further dose of the same magnitude with no further

100 CONTROL
SINGLE DOSE 3255 REP
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-- SINGLE_DOSE &100 REP /o
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2x326% REP
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Fig. 6
Survival of adults given two fractional doses with increasing interval time. The survival level with
one fractional dose is shown by a broken line

percentage mortality. Complete recovery from a dose of 3255 rep is obtained in about 6 d;
Iarger doses require longer intervals. Survival after treatments with 2 % 3500, 2 x 3000 and
2 % 2500 rep separated by 1-d intervals, was 49, 74 and 913 compared with 89, 90 and
97% with single doses 3500, 3000 and 2500 rep, respectively. Survival after treatment with
2 » 3255 rep with intervals of 10 min, 30 min, 1 hand 2h was 5, 6, 9 and 8 %, respectively,
compared with 0% after a continuous dose of 6510 rep. Thus an interval of only 10 min is
sufficient to increase survival above that obtained with continuous treatment.

IV. Discussion

Few previous workers have used insects in studying the effecis of small repeated versus
large continuous doses of ionizing radiation. The life span of T. confisum has been ex-
tended with small daily doses of X-rays [4] [5] and gamma-rays [6). The dose for sterility
in Trogoderma sternole has been increased by fractionation [8] and greater emergence
obtained from eges of Bombyx mori [15]. Divided doses of X-rays given to Habrobracon
Jjuglandis provided only temporary sterility [16].

The experiments reported here have shown differences in the radiation susceptibility of
developmental stages of S. granarius, when subjected to continuous and fractionated treat-
ments, with regard to both survival and fertility. These differences must be attributed to

15
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recovery of the somatic and reproductive cells. Recovery may be brought about by repair
on the molecular level or replacement on the cellular level, Radiation may damage important
macromolecules or disorganize the grouping of molecules in functional units [17]. In the
intervals between damage, macromolecules may be repaired and the units reorganized, or
new cells may take over the function of damaged cells if cell division is sufficiently rapid.
Both repair and replacement would reduce the overall effect of radiation damage and it is
probable that both mechanisms are in operation.

Repair and replacement probably continue throughout irradiation as well as between
treatments. It is not the change in overall dose rate, however, which causes the observed
variations in survival. With 2 > 3255 rep given to adults with one interval of 4 h {overall
dose rate: 6510 rep in 4 h 39 min = 1400 rep/h) the corrected survival was 23%;. On the
other hand, 509 survived 4 X 1627 rep with 3 intervals of 1 h {overall dose rate: 6510 rep
in 3 h 39 min = 1784 rep/h). The amount of recovery and the final survival are dependent
on the length of the intervals, the number of fractions and the interval temperature.

Differences between continnous and fractionated doses are apparent at intervals of 10 min.
Rate of recovery is highest during the first few hours after irradiation and decreases as the
damage is reduced (Figs. 3 and 6). With low fractional doses (1627 rep in adults) and intervals
of 24 h, survival is similar to that with intervals of 4 h or less. The level of survival afforded
by a 2-d interval is not much higher than for 1 d (Fig. 3). With high fractional dores (3255
tep in adults) cell damage is too great to be completely recovered within 4 h, and the rate of
recovery does not substantially decrease until 4 d after irradiation (Fig. 6). Increasing the
interval between treatments produces no further recovery when survival has reached the
level obtained with the fractional dose, viz. 3255, 3750 and 4100 rep. Thus, insects capable
of surviving the first fractional dose and given long enough to recover completely would
then be able to withstand a further dose of the same magnitude with no further (percentage)
mortality. The three survival curves in Fig, 6 indicate that the higher the dose, the longer the
time necessary for complete recovery. Approx. 6 d are needed to recover fully from 2355
rep, 9 d from 3750 rep and 11 d from 4100 rep. These values are plotted in Fig: 7, with the
points derived by probit analysis of data obtained with two fractions and increasing intervals.
Fig. 7 shows that insects capable of surviving a large dose would require extremely long periods
for complete recovery before surviving a second, similar dose, The trend of the curve would
indicate that complete recovery is impossible from a dose greater than 5000 rep, however
long the interval between the two treatments. Fig. 7 also relates interval time and the
fractional dose which provides the same amount of radiation damage as a continuous
treatment (i.e. resulis in zero recovery). It would suggest that two doses of about 6200 rep
separated by intervals up to 5 d allow no recovery, survival being equal to that obtained with
a continuous dose of 12400 rep.

Increase in survival is expected with the subdivision, of treatment into a greater number
of fractions, retaining the same interval time, since this reduces the amount of damage to
be recovered in each interval. The high rate of recovery exhibited between the first and second
fractions is not, however, continued between the second and third, and is still lower between
the third and fourth (Fig.4). The additional treatments may be damaging the newly recovered
tissue and impose greater demands on the recovery process which cannot be met.

‘The present work has also shown that the interval temperature is an tmportant factor
influencing recovery. LaMarqQue, [15], irradiating eggs of Bombyx mori with two doses,
obtained recovery during an interval at 21°C; when, however, the eggs were kept “in a
refrigerator’ the effects of the two fractions were strictly cummtative. Coox [18], on the other
hand, found that eggs of Ascaris eguorum exhibited greater recovery when retained at 5°C
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Fig. 7
The relationship between time for complete recovery and fractional dose. Also the interval time
plotted against the fractional dose providing the same radiation damage as continuous treatment

i

after irradiation than at 25° C. The resulis for S. granarius differ from both these observations;
recovery and survival increased with interval temperatures from 15° to 30°C and from
15°C to lower temperatures. The survival value at 1°C is also far greater than that obtained
with continuous treatment (Fig. 5).

Differences were found between stages in their capacity for recovery from radiation
damage (as measured by calculating the percentage increase on the LD 5o for continuzous
doses). The results shown in Table 1! indicate an increase in this capacity as the insect
develops from egg to pupa with a decrease after the emergence of the aduki. It is plausible
to expect the capacity for recovery of insects passing from one developmental stage to the
next during the interval between treatments to be similar to that of stages on either side of the
moult. The capacity for recovering fertility also increases with development, but without
recovery in the adult stage, In Table VII the dose for 502 reduction in progeny is calculated
as a percentage of the LD so;60. Similarity between the scores for continuous and fractionated
treatments shows, except for adults, that recovery in the capacity for reproduction occurs
to the same extent as recovery in somatic tissues. There was no indication of fertility being
regained in later months by adults receiving fractionated doses as found in Habrobracon
juglandis [16).

15+
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The recovery peak shown by adults at 36 h (Fig. 6) is similar to that obtained by other
workers treating widely different material. Cell lines of ovarian tissue and female lung tissne
of the Chinese hamster, Cricetulus griseus, have been irradiated [19] with 2 doses separated
by intervals up to 25 h; the results were similar to those of the present work except that a
peak was obtained with an interval of 2 h followed by a trough at 4 h. Pollen grains of
Tradescantia bracteata treated with 2 doses separated by breaks of 2—18 h [20] resulted in
fewer chromosome breaks as the inferval increased to 4 h; at 12 h there was an increase in
the number of breaks followed by a decrease again with longer intervals. Similar results are
reported by Haque [21] with pollen grains of Tradescantia paludosa and by Jamn ef al. [22]
with barley root tips. LANE {20] has suggested that the drop in breakage frequency might be
attributed to a reduction in sensitivity of the cell to subsequent damage — a radiation-
induced protection which disappears with time. With S. granarius (Fig. 6) the three peaks
certainly cannot be explained by fluctuations in radiosensitivity with age, since the suscepti-
bility of adult weevils remains relatively constant over the first 10 d [10]. Adults receiving 4
fractional doses did not show this recovery peak with the trough at the 2-d interval,
possibly becanse of the low fractional doses and the much-reduced recovery-rate observed
with the increased number of fractions. There are, however, indications of a recovery peak
and trough in survival at 1 h with eggs and 30 min with larvae and pupae (Fig.3).

CorRNWELL et al. [10] have derived a dose of 16 500 rep for the commercial disinfestation
of grain, effective against all stages of S. granarius. Adults require the highest dose to kill
and sterilize with both continuous and fractionated treatments; they are potentially the most
dangerous stage in the event of inefficient control. Caleulations from the equation in Table 111
show that less than ! in 10000 adults can survive a continuous dose of 16500 rep. It has also
been shown that when a dose is divided into 2 fractions, with fractional doses of 6200 rep
and above, no recovery is apparent with intervals up to 5 d, survival being similar to that
after continuous treatment. Moreover, survival is only increased to 1 in 1000 adults when a
dose of 16500 rep isdivided into 4 fractions with 1-d intervals at 26° C. Withshorter intervals
and lower temperatures, survival is less, Finally, with adults the level of sterility afforded by
fractionated treatment is equal to that with continuous doses. It may therefore be concluded
that any fracticnation likely in practice would not reduce the efficiency of radiation disin-
festation of grain. On the other hand, with low-dose applications to packaged cereal
commodities, specifically to prevent the emergence of immature stages, fractionated treat-
ment could seriously jeopardize the efficiency of control.

Y. Summary

1. An investigation was made into the effect of dose fractionation on the radiation suscepti-
bility of eggs, larvae, pupae and adults of Sirophilus granarius (Calandra granaria L.) to
examine the bicfogical efficiency of multiple pass systems for radiation disinfestation of
grain.

2. Survival of all developmental stages was significantly increased by fractionation, par-
ticularly with larvae and pupae. The difference in survival afforded by continuous and
fractionated treatments must be attributed to recovery during the intervals between
damage.

3. Recovery was noted with intervals of 10 min and longer, the amount of recovery and
final survival being governed by the number of fractions, the fractional dose, interval
time and interval temperature, but not by the overall dose rate.



RADIATION EFFECTS ON THE GRAIN WEEVIL 229

4. Rate of recovery was greatest in the first few hours after irradiation, and decreased with
increasing number of fractions.

5, Irradiation is followed by a period of reduced sensitivity to subsequent treatment,

6. Recovery was obtained in the reproductive capacity of irradiated eggs, larvae and pupae
but not adults, Adults subjected to fractionated treatrnent did not redevelop fertility
in later months,

7. Pupae showed the highest capacity for recovery of somatic and reproductive cells. Adults
require the highest dose to kill and sterilize by continuous and fractionated treatment
and are potentially the most dangerous stage in the event of inefficient control.

8. Comparison of the effects on adult survival of continuous and fractionated treatments
at 16500 rep would indicate no loss in the efficacy of radiation disinfestation of grain
involving any system of multiple treatment likely to be met in practice. Fractionation
could, however, lead to inadequate control in packaged cereal commodities given low
doses to prevent adult emergence.
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DISCUSSION

J. A. Qayyum (Pakistan): Did you record any differences in the behaviour of the two
sexes with regard to recovery from irradiation in the adult stage?

P. B. CornweELL (United Kingdom) who presented the paper: No. The experiments were
carried out with unsexed samples and no attempt was made to assess the rate of recovery in
males and females separately. The experiments were designed to examine the effects of dose
fractionation should this type of treatment be applied in practice.

K.Bonra (India): I must congratulate Dr. Jefferies on his very interesting paper. It is now
fairly well established that the efficiency of a fractionated dose is less than that of a continuous
dose. It depends, of course, on many factors. In view of the fact that radiosensitivity varies
with the developmental stage, I would like to ask Dr. Cornwell whether he has some
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information on the variation in radiosensitivity during the four days over which the frac-
tionated doses were spread.

Secondly, Dr. Cornwell mentioned somatic and genetic effects. Could he tell us precisely
what these effects were?

Thirdly, if a dose is fractionated, the material to be irradiated has to be brought near the
source several times, depending on the number of fractions. Alternatively, multiple sources
would be required. Would fractionation not, therefore, involve greater technical difficulties
in handling the material ?

P. B. CorNWELL: To answer your first question: Using continuous doses of radiation, we
know a great deal about the radiation susceptibility of the grain weevil (Sitophilus granarius)
from day to day throughout its life history. Only in eggs and pupae do we find marked
changes in susceptibility within a developmental stage, Because treatments in the present
experiments were spread over a number of days, those samples receiving continuous treat-
ment were composed of equal proportions of aged insects covering the age range. The
response obtained when comparing continuous and fractionated treatments is then a measure
of the overall susceptibility of that sample.

As for vour second question: In making the comparison between continuous and frac-
tionated treatments an attempt has been made to compare the effects on somatic tissues and
reproductive cells, the first illustrated by mortality and the second by the number of adult
progeny produced.

With regard to your third question: Yes, dose fractionation does involve bringing the
product to the source several times or using multiple sources, but this may in fact be desirable.
Because grain is handled -commercially at very fast handling rates, sources of many mega-
curies are required to give the effective sterilizing dose in one operation. The capital cost
of these sources is prohibitive. It may be more desirable to use smaller sources, to give a
substerilizing dose to grain entering storage and to complete the treatment by more leisurely,
internal circulation at a later date. Similarly, in designing a radiation plant for the treatment
of packaged products, in order to provide uniform dose distribution throughout the
commodity, it may be necessary to convey the packages around a system of many source
rods or a number of slab-type sources. In this type of facility the insect would receive an
integrated dose of radiation of very low and very high intensities. There may well be
conditions which simulate those of dose-fractionation.

D.E. WempHaas (United States of America): Does *reduction in fertility” imply an
effect directly on reproduction?

P. B. CorNwELL: The term implies an effect directly on reproduction, or more precisely
to the lower nunmbers of adult progeny produced by irradiated parents compared with
controls.

G. G. Sencurra (India): Have any observations been made on the sex ratio, in the
course of experiments on the effects of continuous and fractionated doses of radiation?

P. B. CornweLL: It has been assumed that the sex ratio of the test insects used in these
experiments approximates to unity. The sex ratio of progeny produced after irradiation
with continuous and fractionated doses has not been examined.

1 have one comment to make. One use of fractionated treatments which has not been
brought out in Dr. Jefferies’ paper is possibly in the treatment of insects subsequently
liberated in a programme of *sterile-male release’. One of the major problems in the control
of insects by this method is selection of the optimal pupal age which on irradiation provides
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sterilized males with normal longevity, vigour, mating behaviour and mobility. When the
doses for sterilization and mortality are very close it could be of considerable advantage
to produce a differential effect on somatic and reproductive cells. In future contrel pro-
grammes on screwworm, for example, the release of adult males fully competitive with the

wild population could result in considerable economy in manpower, and in the costs of
rearing and aerial distribution,
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Abstract — Résumé — ABpoTanss —— Resumen

The use of radiation sources for insect control. The different radioisotopes and electrical machine
sources of radiation are briefly discussed, but a greater emphasis is placed on radioisotopes because
of their greater reliability and ease of operation. The numbers of curies of the most suitable isotopes
for various applications are tabulated. The general principles of source design covering radiation
fux intensity, optimum dose distribution and shielding requirements are outlined. Various procedures
for the use of radiation in control of insect populations are reviewed, including the sterile-male
release technique, direct irradiation of agricultural products, the combined use of insecticides with
irradiation and the possible use of radiation as an insect repellant. Possible new applications are
suggested, e.g., the combined use of insecticide and sterile-male release in a programme for the eradi-
cation of the malarial mosquito in the Indonesian istands.

A new method is put forward for storing grain for a long time without the need for periodic furmi-
gation. This method involves the use of a special grain container and radiation processing. Designs
for various irradiators and some of the problems encountered are reviewed.

Special reference is made to small semi-portable irradiators suitable for insect sterilization; to
a flexible laboratory irradiation unit covering both research and field scale applications; and to some
of the large production scale facilities which have been proposed for commercial use.

In view of the proven effect of radiation for insect control, it is urged that the health authorities
give serjous consideration to this technique for reducing losses in the world’s food supply.

FEmploi des sources de rayonnements dans la hiite contre Ies insectes. Le mémoire donne un bref
apercu des différentes sources de rayormements (radioisotopes et appareils de grande énergie),
en s"attachant surtout aux radioisotopes €n raison de leurs plus grandes régularité de fonctionnement
et facilité d’emploi. Il contient un tableau des nombres de curies des isotopes convenant le mieux
aux diverses applications. Le mémoire présente les principales caractéristiques que doivent posséder
les sources, en ce qui concerne notamment I'intensité da flux de rayonnement, la répartition de la dose
optimum et le dispositif de protection nécessaire, Il étudie diverses méthodes d’emploi des rayonne-
ments pour lutter contre les insectes, ¥ compris le licher de méles stériles, V'irradiation directe des
produits agricoles, Pemploi combiné d'insecticides et de rayonmements et 1’emploi éventuel de rayonne-
ments pour chasser les insectes. Dies nouvelles applications sont suggérées, par exemple Pemploi
combiné d’insecticides et du Jacher de males stériles en vue d'une campagne de destruction du
moustique de la malaria dans I'archipel de la Sonde.

Les auteurs exposent une nouvelle méthode de stockage prolongé de céréales ne nécessitant pas
de fumigations périodiques. Ceite méthode comporte 'emploi de silos spéciaux et le traitement par
les rayonnements. Le mémoire présente différents modeles d’irradiateur et discute certains des pro-
blémes & résoudre.

Le mémoire fait mention des petits Irradiateurs semi-portatifs convenant pour la stérilisation des
insectes; d’un appareil d’irradiation pour le laboratoire pouvant servir 4 la fois 3 la recherche et aux
applications 4 la production d'un champ; enfin, de certaines des installations qui ont été proposées
pour un traitement induastriet.
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Les rayonnements ayant des effets certains pour Iuiter contre les insectes, les anteurs insistent pour
que les autorités sanitaires envisagent sérieusetnent leur emplod pour réduire les pertes que subissent
les ressonrces alimentaires du monde.

Henons306a0le PATHANHORHEIX HCTOTHRKOR IR GopnOnl ¢ BacekoMuvME, B poxname gaercd Kpat-
KO8 OMACAHNG UCTOTHHKOB DPAIMANMH PA3THIHRIR PASHOHIOTOODOB H MEKTPHMSCKHX MaLUTHH.
MpKYeM OCROBHOS BHHMAaHHE YACIASTCH PagMOU30TONAM B CBA3M © MX DONbHIOHK HANEHKHOCTEY M
NErKOCThIG KCIUIYaTauun. B Joknane NpUROAARTCH COMCOK KONMYECTB Kiopy nanfoiee noaxomaumx
JUIH PAsMU4HOrO MCNOABIOBAHHA HIOTOHOE, B HeM mnepevncnmroTes OONIMEG NPMHOMOBL CXEMBI
HCTOYHHKA DagHalH, BXIIOYAS HAUPMACHHE PaSHALMOHHOIO IOTOKA, ONTHMAILAYIO JO3Y pac-
npeaeneHnd M TpeOOBaHHA, DPEALABIAEMEe X SKpaHHPOBKe. B noknmaze maercs o030p PasNUYMHLIX
METOAO0B MCHOAL3OBAHUA pagpalMy And OOpeOBl ¢ NOMYIAIGAME HACCKOMBIX, BIIIFOUAS METOXN
BBHIYCKA CTEPHABHEIX MYXCKHX ocobeif, npamoe oDnyueHne CENBCKOXOIANRCTBEHHBIX NPOAYKYOR,
KOMOMHHPOBAHHOS HCOONB30BAHME HHCEKTHEMACE W ODIYICHASN, 4 TAKXKE BOIMMKHOE HCMONE30BA-
HHe pagHald B KAYCCTEE PA3PellAroIleTe CPSACTBA JUIA HACCKOMBIX. B mowdape npepnararTca
HOBBHIC BO3MOXKHLIE METOABI HCOOIB3OBAHHA M3IOTONOR, KAK, HAOPMME]D, KOMOMHUPOBAHHOE IIPH-
MEHCHHWE MHCEKTHUWOOB H BEIOYCK CTEPMALHBIX MYMCKMX 0coDeil Mo npoTpamMMe JIHKBUARITHH
MangpuiHOro MOCKnTa Ha HMuNOHEIHICKHX OCTpOBAX.

TIpennaraeTcs HOBBIL MCTOX XDAHEHMSA 3EPHA B TEYCHHE MTHTSIEHOTO BpeMerd Ge3 HeoOxonu-
MOCTH B IFEPHOAMHYECKOM OKYDHBAHNHA. ZTOT MEYo[ NPSANC/IAracT HCIOIE30BARKE CIEHMATSHOLD
XpaHITKIA Aid 3epHa M obpaBorkn obiyenneM. B Doknage gaeTca of30p cxeM paTHHEIX W3-
yaTenel, a TAKKE BOSHMAUIINK B CBS3H C YTHM NpodneM.

Ocobo ropopiTea 0 HeDONBINNK NOJYNOPTATMSHBIX MITYYATENAX, FOJHEIX IR CTEPATH3ALNM
HACEKOMABIX; 00 YRUBEPCALHOI 1af0paTOPHOl YCTAHOBXE jUtd OBNyueHys, IPUFOOHOI JA% HCIOTh-
30BAHUA KAK B USNAX HCCIEAOBAHHI, TEK ¥ B NOAEBBIX YCIOBHAX ; H O HEKOTOPEIX CPEACTBAX KPYTIHO-
MaclITaGHOTQ FIPOM3IBOACTEA, KOTOPhE ObLU1i APERIOKEHL. A TPOMBMII TeHHOCTH-

ITpunKMan BO BHHMAHYKE OOKa3aHHOE JEiCTRHE palHALIHK AId G_O]Jbﬁbl C HACCKOMBIMH, B AOKTANS
HACTOATENBHO ITPEANATACTCH, YTEOE Opradel 34pAaBOOXPaHCHHS oﬁpa"mnx CepbEe3HOE BHHMAHHE
Ha 3TOT METOMO ANA COKPALICHASA NOTEPE 3AaGACOB MPOOYKTOB, HMEIOILIHXCA B MHYDE.

Fmpieo de fuentes de radiacién en 1a lucha contra los insectos. En la memoria se describen sucin-
tamente distintas fuentes de radiacidn (radioisdtopos y aparatos eléctricos), pero se atribuye parti-
cular importancia a los radioisdtopos, debido a su mayor regularidad de funcionamiento y facilidad
de manejo. Se reproduce un cuadro en el que se indica el ndmero de curies de los isdtopos mds
adecuados para diversas aplicaciones. Se exponen los principios generales de disefio de fuentes, en
lo que atafie a la intensidad del flujo de radiacion, la distribucién 6ptima de las dosis ¥ las caracteris-
ticas del blindaje necesario. Se examinan diversos procedimientos para el empleo de las radiaciones
en Ja lucha contra fos insectos, comprendidos la téenica de la suelta de machos esterilizados, la irra-
diacion directa de productos agricolas, el empleo combinado de insecticidas ¢ irradiacion, y la
posible utilizacion de las radiaciones para ahuyentar los insectos. Se sugieren nuevas aplicaciones
posibles, tales como, por ejemplo, el empleo de insecticidas combinado con la suelta de machos esteri-
lizados en un programa de erradicacion del mosquito del paludismo en el archipiélago de la Sonda.

Los autores exponen un nuevo meétodo para almacenar cereales durante largo tiempo sin necesidad
de fumigaciones periddicas. Este método exige el emplea de silos especiales y un tratamiento por
irradiacién. Se examinan los disefios de diversos irradiadores y algunos de los problemas que su
empleo plantea.

Se describen especialmente unos dispositivos semiportitiles adecuados para la esterilizacidén de
insectos; un aparato para la irradiacién en laboratorio que puede aplicarse a la vez en la investigacion
v sobre el terreno; ¥ algunas de las instalaciones que han sido proyectadas para uso comercial.

En vista de los efectos comprobados de las radiaciones en la lucha contra los insectos, se pide a
las autoridades sanitarias que examinen seriamente su empleo a fin de reducir las pérdidas en las
existencias mundiales de productos alimenticios.
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Introduction

It has become apparent in recent years that insects can develop an immunity towards
the conventional insecticides. This and the near availability of large sources of ionizing
radiation have stimulated research into the possible use of radiation in insect control.

Both gamma-radiation and electron-beams have been used, and it has been shown [1]
that the lethal and sterilizing effects are comparable in the two cases, provided adequate
radiation penetration is assured.

Two radioisotopes have generally been considered for use as sources of gamma-radiation:
caesium-137, which is a fission product, and cobalt-60 which is produced by exposing nataral
cobalt to the neutron flux in a reactor. The mixed isotopes of zirconium and niobium
could be available in large quantities from the fission-product separation plants, and would
be particularly suitable for seasonal applications. However, further technical development
is required before their use can be considered.

Several types of generator for electron-beams are in use for research and industrial
irradiation, These are used primarily as sources of electrons, and therefore suffer from
iimited penetration, and although conversion to highly penetrating gamma-radiation is
possible, at the energies in use it is not very efficient.

All are highly developed complex pieces of equipment and, with suitably trained operators,
can be relied upon for good service. However, as a research tool, cobalt-60 has been much
the most widely used source of radiation.

Up to several hundred curies may readily be housed in a lead container which is convenient
both for shipping and normal use. Calibration of the source in terms of air dose may be
carried out at the time of the initial loading. Knowing the rate of decay of the isotope,
the dose delivered subsequently may be calcufated from the time of exposure.

For research purposes, a source of considerable flexibility is required. It should be possible
1o irradiate samples under any desired conditions of temperature, humidity and composition
of atmosphere. For example, anoxia may exert an appreciable radiation protective effect.
Tn addition, the rate at which the radiation dose is delivered should be controllable over
a wide range, say 1000 to I, and the total dose received by the sample must be known
within close limits and be reproducible to within, say, 4 2%. In order to achieve this,
it may be necessary to use small compact samples or a special spatial arrangement of source
and sample.

Two procedures using radiation for the control of insect populations are generally
distinguished. Firstly, direct control by irradiation of infested products, and secondly
indirect control of a particular species by the release of sterilized adults of that species [2].

Direct control

Direct irradiation aims at complete and permanent reproductive sterilization and
premature death of the insects. If the infestation is largely confined to eggs, then these
should be prevented from further development, even into sterile adults, so that the problem
of removing readily visible though dead insects from the product may be avoided.

The radiation sensitivities of many species of insect have now been studied (insects
infesting grain [3], wheat flour and beans [4], other stored products [5] [1], mites [6]
etc. [71) and certain generalizations are possible. Doses of 0.5 Mrad will cause reproductive
sterilization and death within 24 h. About 100000 rad will induce a radiation lethargy
so that subsequent feeding damage is minimized, will cause reproduetive sterilization and
lead to death within one week.
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Doses in the range 15—20 krad will cause reproductive sterilization and death within
a few weeks. This generally is a sufficient measure of control and the anly dose level which
can be considered for economical application.

Sterile-male release technigque

Radioisotopes and nuclear radiations can be employed in various ways in the efforts
to control or eradicate insect populations, LiNpQuisT [7] has reviewed the various entomo-
logical uses of radicisotopes. The most dramatically successful has been the sterile-male
release technique. The success of this technique was first established in the classical experi-
ment of eradication of the screwworm fly on the island of Curacao [8].

The screwworm fly is a native pest in the southwestern United States where stockmen
have spent millions of dollars annually for range riders to examine and treat infected herds.
The fly did not exist in the southeastern United States until 1933 when it was introduced
by infected animals brought from the Southwest. KNiPLING [8] estimated that this pest
cost the livestock industry in Florida, Alabama, Georgia and the Carolinas at least
5 240000000 between 1933 and 1955, At thetime of eradicationin 1959 this cost had reached
$ 20000000 p.a. [9].

Each female of the species lays about 200 egegs in cuts and other wounds in cattle or
game, The eggs hatch to maggots (the larval stage) that destroy additional healthy tissue
and produce an enlarged festering wound that attracts more flies. If the animal is not treated
it will be killed by the insect.

In attacking the problem of screwworm eradication, it was found in laboratory tests
that a dose of 3 krad caused complete sterility in male flies but left them with normal sexual
behaviour [8]. Experimental mating of a number of flies in cages showed that the female
mated only once and, if this mating was with a sterile male, the eggs laid were sterile. Also,
the caged matings showed that the percentage of sterile eggs was almost directly proportional
to the percentage of sterile males in the cage. This shows the possibility of decreasing the
population of this insect if enough sterile males can be released in a given area. Table 1
shows the mathematical result of rcleasing, at four different periods, a number of sterile
males equal to twice the original natural population of males. Theoretically such a procedure
wonld eliminate the population [8].

To prove the method, it was necessary to attempt eradication in an isolated area of
limited size. The island of Curagao has an area of about 170 mile2 and had a screwworm
population, per square mile, as high as any area in Florida. A co-operative agreement was
reached with the Netherlands Antilles Government to attempt eradication on this istand.

The experiment began in March 1954. Flies were raised in a Ilaboratory in Florida and,
while in the pupal stage, were exposed to 5 to 7.5 krad of gamma-radiation. Sterile fijes
of both sexes emerged and were flown to Curagao and released by air at a weekly rate
of 400 sterile males/mile? three to four times the maiural population of males. To test
the results, goats were placed in 11 different animal pens located at various places on the
island and were examined daily for screwworm eggs. The eggs found were allowed to
mature in the laboratory to discover what proportion would produce larvae. The resulis
of the experiment are summarized in Table II {8].

Stockmen on Curagao reported no incidence of cases of screwworm in livestock, after
the ninth week and a check later showed no evidence of the pest on the island [8].

Assured by the success of the 1954 Curagao experiment, a preliminary test was made
in Florida in 1957; then a vigorous campaign for eradication in the southeastern United
States was launched in 1958 [9] [10]. An unused aeroplane hangar was converted to a
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TABLE [

THEQRETICAL POPULATION-DECLINE WHEN STERILE MALES ARE ADDED TQ A
NATURAL POPULATION [8]

Nztural populition Sterile males released Ra?.e‘l"tﬁi mm?i':: to l:ﬂ:’:;:ii“ a]d:;i:;‘
10000400 2000000 2:1 333333
333000 2000000 6:1 46619
46619 2000000 42:1 1107
1107 2000000 18000:1 less than I
TasLe 11

SUMMARY OF CURACAO SCREWWORM EXPERIMENT [§]

No. of egg masses
Weeks
Fertile Steriie Egg masses sterite { 34)
1 15 34 69
2 17 ’ 38 69
3 17 36 68
4 10 37 79
5 7 42 86
6 3 23 88
7 0 10 100
8 0 12 100
9 0 0 —

fly factory capable of producing 100 million sterile flies per week. The irradiators used
consisted of six cobalt-60 units with only about 600 ¢ of activity per unit. [n 16 months
3000 million sterile flies were released and the project successfully completed with the
screwworm cradicated from the southeastern United States. The total cost of the project
was about §10 million—about half the previous annual figure for damage caused by this
pest,

The sterile-male release technique as a means of control or eradication of other pests
has been reviewed by BusHLAND ef 4f. [10] [11]. To be successful, the following requirements
should be fulfilled [10]:

{1) A low natural population must exist or the population must be reduced by other means
so that it is possible to release an excess of sterilized males.

(2) The insect must be easily reared in mass numbers in the laboratory.

(3) The mating behaviour of the muales must not be adversely affected by sterilization
and native fermales must be willing to accept sterilized males.

{4) Preferably the female should mate only once, but on theoretical grounds multiple
matings should result in the production of infertile eggs in a ratio similar to that of
released sterilized to native males,
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{5) Methods of measuring the insect population per unit-area are nceded so that the numbers
required for release purposes can be accurately estimated.

(6) The area in which eradication is attempted should be isolated by quarantine or other
measures against reinfestation.

In determining the feasibility of the sterile-male release technique for eradication of
other insects, various problems must be considered, such as the effects of irradiation on
the species, habits of the insect, population trends of the species, rate and extent of
migration, etc. One such possible application will be briefly considered—the use of the
sterile-male release technique in the eradication of malarial mosquitoes in the islands of
Indonesia.

Consideration of the use of the sterile-male release technique in eradication of malarial mos-
quitoes in the islands of Indonesia

Lindquist, of the US Department of Agriculture, comments that “Malaria, carried
by Anopheles mosquitoes, has been a scourge of mankind for thousands of years. This
disease has been estimated to kill 2 million persons every year and to sicken approximately
100 times this number so that they are unable to perform effective work™ [7]. The World
Health Organization together with the International Cooperation Administration of USA
and Federal governments are. undertaking the eradication of malaria in many parts of the
world. The plan involves the residual spraying of buildings and other retreats of the malaria
mosquitoes. This type of approach destroys enough of the mosquitoes for transmission
of the disease to be interrupted but will not lower the incidence of the mosquitoes greatly
nor will it, of course, provide for eradication [12]. An extensive ¢radication programme of
this nature is now under way in Indonesia.

Indonesia has numerous islands, about 3000, many of which would be ideal for use
of the sterile-male release technique from the point of view of isolation as a means of
prevention of reinfestation. Also, the islands vary greatly in size so that a complete eradication
programme of a desired magnitude may be selected by using certain islands. This excellent
opportunity of field-testing the sterile-male release technique for eradication of malarial
mosquitoes ought certainly to be considered.

Insecticides may be very efficient in controlling insect populations when the population
density is large. However, once the population is reduced by repeated use of insecticides
the process becomes very inefficient. At low population densities, several pounds of insecticide
may be required per insect killed when mass-spraying techniques are used. The efficiency
of the sterile-male release technique, on the other hand, increases with decreasing population
density until a limit is reached which is governed by the distance the insect will travel to
mate. The fact that sterile insects can seek out native insects whereas insecticides cannot
is a basic advantage of the sterile-male technique, once the population density has been
reduced. This advantage permits complete eradication of the species which is otherwise
very difficult with insecticides alone.

LINDQUIST states that “*it might be feasible to eradicate one or more anopheline malaria
transmitters (on some of the isiands of Indonesia) by an all-out attack . . . first with chemicals
and then use of the sterile-male technique™ [12). He also states that “first the insect should
be decimaied as much as possible by use of insecticide and then rely on the sterile-male
technique, providing it works, to clean up the small remaining population™. However,
he cautions that many unknown factors are involved and the possibility of complete success
of such an attack could not be predicted without further information. Harris, chief
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malariologist of the mataria eradication programme in Indonecsia has commented on this
suggestion. ““The new technique (sterile-male release) would be more economical in applica-
tion but demands large expenditures in research and field trials before assurance of success.
It is readily agreed that this peaceful use of atomic energy should not be eliminated from
consideration” [13].

Davis et al. [14] have reported some exploratory studies on the use of the sterile-male
technique on Anopheles quadrimaculatus, one of the malaria-carrying species of mosquitoes.
They found that doses of 8800 r to 12900 r applied in the pupal or adult stage were required
in order to cause complete sterility. Trradiated females mated to non-irradiated males
produced no cggs, whercas non-irradiated females mated to irradiated males produced
a normal number of eggs but none hatched. Irradiated males introduced into caged popula-
tions of normal males and females at 4:1:1 or less usually resulted in no reduction in the
total number of viable eggs, but at ratios of 6:1:1 and 10:1:1 there was a reduction of
about 80%; [14].

Davis et al. concluded that “The demonstration that 4. guadrimaculatus mosquitoes
can be sterilized by gamma-irradiation in the pupal or adult stage, and that the release
of adequate numbers of sterile males in a normal population results in a substantial reduction
in the number of viable eggs produced, indicates sufficient promise to justify further explora-
tion of the possibilities of the use of sterilized ancphelines as a control method. The
practicability of the method would depend on the species of mosquito, the development
of the most efficient procedures for inducing maximum sterilizing effects, the size of the
area to be treated, the abundance of the normal mosquitoes, the importance of obtaining
complete eradication, which is difficult to obtain by other means, and the financial resources
available. Although at first glance this appears to be an expensive method, it might be
more economical in certain circumstances than the current methods™ [14].

Biological sterilization of insects infesting foods and other agricultural products

Dosages of the same order of magnitude as used in the sterile-mzle release technique
can be used to sterilize and thereby break the life-cycle of insects infesting foods and other
agricultural products. This process may be used to prevent multiplication of insects in
stored foods and other agricultural products or to remove guarantines on such items,

Throughout the world, insect infestation results in a tremendous loss of foods. The
Food and Agricultural Organization of the United Nations estimated that the grain destroyed
by insects annually would feed miore than 100 million people. Stored grain, flour, meal
and cereal products are particularly susceptible to insect attack. The loss of these products
in the United States alone has been estimated to be $300000000 annually [15].

In the case of stored grains grown in areas having a grain surplus, the insects and their
eggs are brought into storage elevators from the field. Once inside the elevator, unless
destroyed by chemical fumigation, the insects will lay more eggs and these, plus those
carricd in with the grain will hatch, producing the larval stage. In this stage the insects
consume and spoil great portions of cereal grains and beans stored in elevators. Some of
the most destructive insects are the granary weevil (Sitophilus granarius), the rice weevil
(Sitophiluz oryzae), and the confused flour beetle (Fribolium confusum), although over
150 different varicties of insects have been reported to infest cereals and cereal products [16].

The insects, when in the adult or larval form, are easily killed by the vse of chemical
fumigants since their respiration carries the poison into their system. However, the unhatched
eggs and the pupae carried in with the grain are the main problem. Insects in these stages
respire slowly and are more resistant to the chemical poisons. As a result, they may hatch
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inside the elevator after the chemical treatment is over, producing adelt insects which multiply
and feed on the grain,

Gamma-irradiation of grain being charged into elevators will sterilize these quiescent
stages as well ag the adult insects, The use of gamma-radiation to sterilize the eggs and
adults of several types of insects has been studied in the research laboratories of the Curtiss-
Wright Corporation. In wheat-irradiation, the varieties studied have included the flat
grain beetle (Leamophloeus pusitlus), the cadelle (Tenebroides mauritanicus), the sawtooth
grain beetle (Olyzacphilus surinameusis), the granary weevil (Sitophilus granarius), and the
Angoumois moth (Siretioga cerealeli). In addition, the Mediterranean flour moth (Ephestia
kithnietlsy and the cigarette beetle (Lasioderma serricorne) have been studied in the irradiation
of peanuis and tobacco, respectively. BAKER, TaBoADA and WIANT reported [4] an extensive
series of tests on the effects of ionizing radiation on insects which infest wheat fiour and
beans. At the University of Michigan it was found that a dose of only 5000 rad was sufficient
to sterilize eggs of the Mexican fruit-fly (4nastrepha ludens) (¢f. BROwWNELL and Y UDELOVITCH,
these proceedings, p. 193).

From these and other studies, it is concluded that a radiation dose of 10000 rad will
sterilize eggs of these insects and that the same dose will prevent the adults from reproducing.

Besides the ability of the radiation to destroy eggs, the treatment should eventually
prove to be cheaper, safer and more reliable than chemical fumigation, Chemiical processes
involve the use of some poisonous compounds for the extermination of the insects. Such
chemicals as phosphine, hydrogen cyanide, methyl bromide and carbon disulphide are
poisonous to humans, and in the latter case also explosive. Their application and storage
near a food-processing plant calls for stringent precautions. The chemicals must be such
a8 not to persist in the grain to be consumed by humans. This requires, for some chemicals,
that the grain be turned over and aired during storage which adds appreciably to the cost
of chemical treatment. With irradiation, the grain requires no further handling after passing
through the irradiator.

Quality of frradiated grain cereals and flour

A variety of tests were made at the Curtiss-Wright Corporation food-research laboratories
on the baking quality of gamma-irradiated flour. Similar tests have been conducted at
the Fission Products Laboratory of the University of Michigan {17]. It was found in both
series of tests that there were no detectable effects of gamma irradiation until dosages
of 50000 rad were reached, and even at this dosage the effects were minor. Thus, four or
five successive irradiation treatments might be given over a long period of storage, if
necessacy, without causing damage. To substantiate these results, tests on the baking quality
of flour made from stored irradiated grain would be desirable.

The use of gamma-radiation as a method of insect control must be approved by the
Foed and Drug Administration before the process can be used commercially in the United
States of America. A study of the nutritional value of irradiated whole wheat has been
made at the University of Michigan [18]. This study involved the use of four generations
of experimental animals fed whole wheat given a dose of 10000 rad, as compared to four
generations of control animals which were fed non-irradiated whole wheat. Irradiated
and non-irradiated wheat, respectively, constituted 70% of the diet for both groups of
animals. The sole source of Vitamin E (which controls reproduction) for the experimental
animals was the irradiated and non-irradiated whole wheat, respectively. [t was concluded
that the irradiation of the wheat had no effect on the growth, reproduction and pathology
of the animals used in this study [L7]. Extensive studies on the wholesomeness of irradiated
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foods have been conducted in the United States under the supervision of the Office of
the Surgeon General of the Army. These studies are nearly completed and it is hoped
that approval of the use of gamma-radiation as a method of food processing will soon be
granted by the Food and Drug Administration of the United States.

Proposed use of a new type of grain container for long-term storage under minimum shelter and
without the wse of chemical insecticides

Irradiation can produce 100%, insect sterilization permitting unlimited storage in so far
as insect infestation is concerned, provided the storage is conducted in containers absolutely
free of insect penetration. Otherwise, storage over long periods would necessitate additional
trradiation of the grain.

India is constructing new grain-storage elevators for handling in bulk large quantities
of imported grains. We would urge that these elevators be designed differently from existing
grain elevators in the United States of America. Most of our elevators are constructed of
reinforced concrete. After aging, cracks develop that provide retreats for insects. Also,
existing designs contain many openings that enable new insects to enter from outside.
The great value in radiation-processing of long-term storage without fumigation is lost
in these elevators which were designed for use with fumigants. Full advantage can be taken
of radiation processing when the new elevators are designed to be proof against insect
reinfestation.

As an alternative, a new procedure is proposed which involves sealing the grain within
specially prepared insect- and water-proof bags containing from 50 to 1001b of grain
apiece. The bags of grain would then be irradiated with doses sufficient to sterilize
biologically the insects and the eggs contained in the grain. The bags of grain could then be
stored indefinitely or transported great distances with no danger of spoilage. The bags
need not be opened until the grain is ready to be used at mills or as food for humans or
farm-animials.

To be suitable for use in the process described above, the bag should be made of material
which is impermeable to water vapour and permeable to atmospheric gases. The im-
permeability to water vapour protects the grain from moisture, thus preventing swelling
and spoilage. Permeability to atmospheric gases is beneficial since the grain during storage
and shipment will give off carbon dioxide and other gases which must be able to pass through
the bag to the atmosphere. Otherwise, the bag might rupture and the grain be lost.

One proposed bag-arrangement would utilize any ordinary bag used for grain treated
with a suitable insecticide and provided with a polyethylene liner. The liner could be coated
on the inside surface of the bag or be a separate bag within a bag. Polyethylene film might
be used as the liner since it is heat-sealable, easily providing the necessary protection against
the admittance of water and water vapours. However, any material having these properties
of polyethylene would be suitable. Polymylar, for example, would have the additional
advantage of forming a barrier to the transfer of odours and other undesirable external
conditions.

The Indian scientists PINGALE [19] [20] and MAJUNDER ef al. [21] have reported success
in the use of lindane-impregnated jute bags for insect proofing. They report [3] that the
quantity of lindane (19.2% gamma-BHC) required to impregnaie bags is so small that
there is no risk of contaminating foodstuffs stored in the bags. They also state that washing
impregnated-bags with water did not remove the lindane.

We suggest that the storage-life of grain in such bags might be extended appreciably
by use of a polyethylene liner and gamma-irradiation.
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Once the grain has been placed in the bags and irradiated, it would not be necessary
to store the bags within a grain elevator or the like. Rather, the bags could be arranged
on the ground in the open air, with only some slight protection between the bags and the
ground, and covered to prevent the accumulation of undue moisture.

It is conceivable that such a process as that described could solve some of the major
problems involved in shipping bulk or bagged grain to India and to countries which have
little or no grain-storage facilities. The grain stored in the insect- and water-proof plastic-
lined bags might be left in the open in these countries with only a tarpaulin for cover,
without adverse effect. To facilitate transport they might even be floated in groups on a
raft along rivers and waterways.

The cost of such special bags would add a capital cost to grain storage, This could be
minimized by using the bags again for, perhaps, 4 or 5 shipments and storings. Since grain
stored in such containers would not need fumigation or storage in elevators for protection
against weather, savings could be realized which could offset the cost of the new containers.

In general, the cost for the chemicals used for treating grain for insect control in the
United States of America is between 0.1 cent and 0.6 cent per bushel; the lowest costis fora
mixture of carbon disulphide, carbon tetrachloride and sulphur dioxide, known as **Weevil-
Cide™, and higher costs for products such as methyl bromide, Dow fume, phosphine and
others. In addition to the cost for chemicals, an additional cost of about 1 cent per bushel
is involved for turning the grain. Some operators turn the grain, others do not. Some
operators fumigate two or three times in one year and others only once in eighteen months.
The differences in practice are influenced by the temperature and humidity in the storage
bins, by the degree and type of initial insect infestation, and by the design of the storage
elevator. Grain held at low temperature and low humidity is relatively free from insect
attack and seldom requires turning. If “hot spots”, with temperatures over 100°F develop,
insect infestation or sprouting from excess humidity is indicated. Fumigation and turning
of the grain is usually required under such conditions. In tropical climates stored-grain
may require turning and fumigation every 2 to 4 months, Thus a storage of one year in
southern States of the United States might involve a cost of several cenis per bushel if
frequent turning and fumigation were required. If we add to this cost the unit charge for
capital invested in the grain elevator, we might be able to write off the cost of the new
containers after about 2 or 3 years of service. The containers might well be used for a much
longer time.

In another process, radiation might be used to sensitize insects to other methods of
destruction. Pre-treatment of bacteria with a dose of radiation leaves the remaining living
cells sensitive to heat so that the effective heating time for sterilization may be reduced
several-fold, Nair [22] of the Indian Atomic Energy Establishment, Bombay, reports a
similar effect on insects, as a result of studies he made at the University of Michigan,
Irradiation of dermestid larvae with doses up to 5000 rad did not break their life-cycle,
nor did a heat treatment of 47°C for 1 h. However, larvae irradiated before heat treatment
did not pupate, and the cycle was broken.

Although little is known about the possible synergistic effect of a radiation pire-treatment
followed by use of chemicals, there is a strong possibility that a low dose of radiation would
sensitize insccts to chemical poisons.

The current techniques under consideration for radiation control of insects rely chiefly
on means of sterilizing adults and killing eges. Very little attention has been given to the
possible exploitation of techniques involving radiation-induced changes in behaviour to
rid stored-food of insect pests. ’
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BavyLor and SmrtH [23] have shown that the water flea Dapfnia magna wil dive from
a position near the surface to the bottom of an aquarium when exposed to X-rays. Their
explanation for this behaviour is that Daphnia perceives X-rays and reacts to them in this
characteristic fashion. It is claimed, furthermore, that all animals perceive X-rays. Gamma-
rays have evoked the same behaviour [23]. In higher animals X- and gamuma-rays may
well be only experienced as a vague disturbance in the normal field of vision whereas a
more pronounced response may be expected in insects, since their normal phototropic
responses are an all-or-nothing phenomenon which is only slightly moderated, i.e. they
have little control over their responses. This is demonstrated by the svicidal behaviour
of moths drawn to a flame. Other experiments using insects have confirmed the fact that
exposure to ionizing radiations will cause atypical behaviour. This behaviour should be
investigated with a view to its applicability to controlling insect populations.

Little evidence is available at present to indicate the nature of the response of insects
to ionizing radiations. It is not known whether the observed behaviour is peculiar to each
species, or if the stimulation by gamma- and X-rays occurs through the eves or by acting
directly on the central nervous system. Observations made in the Fission Products Laboratory
at the University of Michigan range from data showing that rat flcas desert irradiated
rats in which it was not possible to test for directional response, to specific directional
reactions by irradiated grain beetles, In observations on the grain beetles the insects were
mixed randomly into grain and irradiated at biological sterilizing dosages. After irradiation,
the beetles had aggregated at the side of the container facing away from the source. These
experiments were carried out under high radiation intensities. The behaviour at lower
intensities has not been investigated. However, recent experiments performed at the school
of air medicine at Randolph Field [24] show that the behaviour of mammals is altered
by exposure to less than 50 r. Perhaps insects which respond almost totally {i.e. without
control) to stimuli of high-intensity ionizing radiation may do the same at lower exposures.

A ring of radiation sources might serve as an insect repellent. However, little is known
about such possibilities. Much research is needed to evaluate more fully the possible uses
of radiation in insect control.

Available radiation soarces

The simplest type of radiation source consists essentially of a cylindrical steel-drum
filled with Jead, except for a hollow central well. The cobalt-60 source material, generally
as a number of individaal picces or slugs, is held in an annular container at the bottom
of the well. The samples to be irradiated are placed in a cylindrical container attached to
the bottom of a lead plug which slides in the central well. When an irradiation is to be
carried out, this plug is raised by means of a light crane and swung to a point several feet
away from one side of the source. The sample-can is attached to the plug and the whole
is swung back over the central well in the source and lowered into the exposure position.
After the necessary time interval, the sample is raised beyond the source and detached
from the plug, which is then replaced.

With this type of source arrangement, considerable 2mounts of radiation stream upwards
from the mouth of the well when the plug is removed. However, this presents no danger
if the facility is maintained in a room separated from overlooking buildings, and is mounted
on a pedestal so that the top of the lead container is approximately at shoulder height.

In this manner, with sources of up to 200 ¢, the radiation level at head height not closer
than 5 ft to the source may be kept below the maximum permissible limits,

16%
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Using spiral tubes cast into the lead shielding, it is possible to circulate air or other gas
through the irradiation chamber and so achieve a measure of atmosphere and temperature
control during irradiation. The sample, size and dose rate are, however, limited by the
design.

One example of this type of source is described in reference [25] and several models
are available commercially. A modified design has a second plug fitted below the sample
hotder. As the double plug is raised, the lower one fills the void at the mouth of the well,
thus preventing excessive radiation leakage. Models of this type, while more expensive,
can be used in existing laboratories.

However, the maximum sample size in these irradiators is a cylinder of about 8 in
diam. and 8 in high, and because of the closeness of the sources, even 4 10%; variation
in dose distribution can only be achieved over a portion of this volume. A much more
adaptable source system may be used by exposing the source in a shielded room or cell.
This must have walls and roof of adequate thickness to provide shielding down fo maximmm
permissible levels for workers in the vicinity, and must be fitted with a door and sufficient
interlocks to prevent the accidental exposure of personnel to radiation. Access may be
by means of a shielded corridor or a heavy door.

The simplest source-system to use in such a cell is a rod normally kept in a lead cylinder
but raised inside a fixed, vertical guide-tube for irradiation. The source-plug combination
may be lifted manually and this operation linked so that exposure is not possible until
the gate has been closed. Conversely, it is not possible to open the gate until the source
has been lowered to its safe position.

Samples to be irradiated are mounted at a given distance from the source, and may be
placed on small turn-tables to provide greater uniformity. With a single source, there must
always be a compromise between uniformity and dose rate, since the most uniform radiation
fields are to be found at the greatest distance from the source, where the dose rates are
lowest.

A most flexible arrangement is provided by using several sources which can move along
guide tubes from a safe, shielded position to a predetermined exposure-position. One
method of carrving this out is to use the transport-cask to shield the sources in their safe
positions and to attach sealed, flexible guide-tubes to openings in this cask (see Fig. I).
(Alternatively, rigid tubes bent to give & pre-set configuration may be used.) The sources
are exposed by expelling them to the closed ends of the guide tubes and subsequently
retracting them into the cask. Agpain, adequate controls and safety interlocks must be
provided. In this manner, ten or more sources totalling up to 25000 ¢ may be used in a
facility which imposes no restriction on the size or condition of samples to be irradiated.
Facilities of this kind are to be found in the leading radiation centres of the world. They
are of the greatest value for research purposes and when loaded with sufficient cobalt-60,
provide a straightforward transition to pilot scale operations.

Although the first commercial gamma-radiation processing-facility has only thiz year
come into operation [26], many designs have been put forward. The earliest of these generally
assumed spent fuel-elements to be the source of radiation, but would require very little
modification to change to cobalt or cesium.

The design of a production-facility has to cope with two major groups of problems.
Firstly, what shape and size of source arrangement should be used to provide the maxirmm
of usable radiation-energy with a minimum absorbed in the source itself. Secondly, how
may a conveyor systemi be arranged around the radioactive source so that maximum
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absorption of radiation is achieved without over-exposure of parts of the product and
without holding up an unduly large volume of product in the facility.

Fig. 1
[lustrates flexible guide tubes from Multi-Array Gamma-Irradiator mounted in wall of radiation cell

Fig. 2
Schematic arrangement of irradiator for bags of grain, situated in basement of existing mill
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Fig. 2 illustrates the principles involved [27]. It shows a flour irradiator which might be
situated in the basement of a large mill. The facility would become an integral part of the
manufacturing operation and would be so located that the bagged flour could be conveyed
to the entrance of the chamber, placed in a bucket conveyor and transported into, through
and out of the radiation field. The bags could then be conveyed to a shipping or storage
area. The bucket conveyor is shown passing through an opening in the floor to the access
passageway of the chamber, Along this, it makes a series of 90° turns (incorporated to
prevent the escape of radiation) and continues on into the radiation cell. Here it passes
under, up and over the radiation source and leaves the cell vig the access passage. For
grain irradiation, it would be desirable to irradiate in bulk. Consequently, a design for
a low-cost gravity-flow irradiator was developed by the Curtiss-Wright Corporation. In
this design, a bulk-flowing food such as grain would pass by gravity through the irradiator
at the top of a storage elevator. This eliminates the cost of additional conveyor-equipment.
The use of a compact vertical duct for the radiation chamber greatly reduces the cost for
shielding, Control of the dosage is obtained by an adjustable orifice at the bottom of the
radiation chamber,

One of the chief design factors taken into consideration here is the method of positioning
the radiation sources to maximize the absorption of the radiation with minimum over-
dosage. In an early analysis of the use of a cobalt-60 rod-source for food irradiation, it
was shown that if a 3-1b commercial can of food was rotated adjacent to a single rod source,
the dosage on the surface of the food would be about 10 times that received in the interior [28].
The inefficiency in this respect of a single-rod source is exceeded only by a point source,
If multiple-rod sources are used, the uniformity can be increased greatly, For example, if
10 rods were placed around the can of food instead of rotating the food adjacent to a single
rod, the activity in cach rod might be reduced by a factor of 10 to maintain the same total
activity, and the radiation flux between rods would be essentially uniform. The reduction
of local overdosage approaches 10 for the example above, depending upon the size of the
sample, the distance between sample and source, the energy of the gamma-source, and the
absorption coefficient of the sample. Thus, by using a number of rod sources, an essentially
uniform radiation-field can be obtained without penalty from the inverse-square law.

To utilize the maximum amount of the radiation, a single cylinder of food should not
be irradiated by a circle of rods, since all the radiation outward is lost in the shield around
the source and since much of the radiation inward may pass through the food into the
shield. Instead, a matrix of sources and food should be used with a width the value of
several half-thicknesses to permit maximum absorption of the gamrma-radiation in the
food. This minimizes the radiation lost at the edges to the shield.

The ideas described above were incorporated in the Curtiss-Wright design which was
optimized by performing the necessary calculations on an IBM-704 machine. Fig. 3 is a
sectional view of a Curtiss-Wright experimental-size, continuouns-flow grain-irradiator.
This design is for a portable unit utilizing lead shielding. If installation in a grain silo is
desired, the shielding could be ordinary concrete and the size would be larger. Grain or
other granular or liquid materials enter through the top labyrinth, flow downward by
gravity past the distributed array of axial rod sources and leave through the lower labyrinth
and flow-control throttle. The flow chamber, and source dimensions and geometrical
arrangement can be varied to suit the material being irradiated and the isotope to be nsed.
Essential specifications for the wheat configuration are shown in Fig. 3 and in Table IIf.

To explore the economic feasibility of the gravity-flow irradiator, a cost-breakdown
and capacity-calculation can be made to provide an estimate of the cost per bushel of
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TasLe I1I
DESIGN DATA FOR EXPERIMENTAL GRAIN IRRADIATION UNIT (MODEL GRP-4)
R S . i ) — 1
Capacity 120 bushels/h [
Source 15000 ¢ Cot0
Unit dimension 42 in diam. x 74 in high
Proposed trailer dimension 241 ft long x 8 ft wide x 124 ft high
Unit weight 28000 Ib approx.
Lifting skid weight 2000 1b approx. |
Trailer weight 9500 Ib approx.
Tractor weight 13750 Ib approx.
Gross weight 53250 b approx.
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raZeTeaaY
7

>

(1) Feed hopper and screen
(2) Entrance labyrinth

(3) Exit labyrinth

() Array of source tubes

Model GRP-4 grain unit
Capacity 120 bushels/h
Diam. 42 in

Cobalt-60 gamma-ray source

s

Ii.
'

SRS

ki P eole, = . i
15000 ¢ kRl e :::::::f::ifs (5) Motorized throttle with
Wt. 14t & L ::3:';3:3:-::: position indicator

() Lead shield

Fig. 3
Curtiss-Wright gravity-flow irradiator for wheat or granular material
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Fig. 4
Portable irradiator for potatoes, mounted on a rail car using lead shielding
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Fig. 5
Conveyor arrangement for package irradiation to provide maximum absorption of radiation
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irradiating grain with a dose of 10000 rad. This estimate indicates the cost per bushel for
disinfestation of wheat by irradiation to be in the same range as that for chemical dis-
infestation. The exact cost depends, of course, on the assumed price of the cobalt. Using
a current price of $ 1.00/c, the cost is about 0.5 cent per bushel for 24 h/d operation.

An alternative is to use an irradiator consisting of a series of concentric cylinders, such
as described by CorNWELL [2]. This facility consists of a source contained in a cylinder,
diam. 8 in and length 10 ft, surrounded by a cylinder of diam. 2 ft. The annulus so formed
has a volume of 28 ft3 and with a flow rate of 5 ft/min would deliver 17 t/h of grain. By
surrounding the source with two further cylinders to provide outer annuli with capacities
of 56 and 84 ft3 respectively, the flow rate could be increased to 25—30 t/h and the efficiency
of the system to around 40%,. This would require approximately 210000 ¢ for a dose of
20000 rad.

Fig. 4 shows a mobile facility designed to irradiate bagged potatoes, which could also
be used for the treatment of bags of flour or grain. In this application the irradiator is
shown mounted on a rail car. It could equally well be fitted on-board ship.

Several facilities have been designed for the irradiation of packaged materials, e.g., dried
fruit, which is liable to arrive after a long sea journey from producer to market, infested
with larvae which have hatched from moth eggs laid in the fruit at the packing stations.
Fig. 5 shows a concept of surrounding the source as completely as possible by packages
so that they may absorb the maximum possible amount of radiation. The packages move
along the conveyor system so that each package occupies, in turn, each position in the
system and so all receive equal doses.

et Cw-wmr

Haist for Plague

Food Pa

"5 1. Concrate

Fig. 6
Artist’s conception of Food Process Development Irradiator



250 T. HORNE AND L. E. BROWNELL

The largest gamma-radiation source now contemplated, is the Food Process Development
Irradiator (¢f. Fig. 6), now being designed by Curtiss-Wright Corporation for the Quarter-
master Corps of the United States Army. This unit, which is modified from the High Intensity
Food Irradiator to come in line with the changing needs of the Quartermaster, will use
approx. 1 Mc of cobalt-60 and is scheduled for operation in the summer of 1962. It is
primarily intended as a research facility and will have a flexible rod-source arrangement
to allow study of different source and convevor geometries. However, it will be used to
trradiate production quantities of food at all doses from disinfestation levels up to 5§ Mrad.

From the research studies already made, it is clear that irradiation may provide an answer
to some of the problems of food losses from insect infestation. Radiation sources are readily
available for furtlier studies of the important species at a research or pilot-plant level.
The recent fall in the price of cobalt-60 favours the economics of radiation disinfestation
and should encourage the responsible authorities to give full support to this technique,
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DISCUSSION

P. B. CornweLL {(United Kingdom): Proof of the pudding being in the eating, I think
the value of the interesting designs to which Dr. Brownell has referred will emerge at a
point in the future when we have experimented with them and convinced commercial
interests that they are suitable for the job.

Now there are one or two points I should like to take up. The first is the proposed use
of radioactive gases. Let us face it: if we are going to pump a gas at all, why not pump
a fumigant, which has no hazard of radioactivity and which is yet reasonably efficient?
My second point has a bearing on our Chairman’s opening remarks, when he referred
to the enormous pest problems facing the under-developed countries. Why are these
problems so immense? Is this not partly the result of inadequate education in techniques
of insect control and of lack of adequate storage facilities, plus of course, in many cases,
temperatures which lead to rapid reinfestation? I therefore dare to prophesy that when
the under-developed countries undertake programmes for building adeguate storage facilities,
losses of stored food products will fall considerably. Hence. this leads me to suggest that
we should be encouraging the irradiation process in those under-developed countries which
have obtained or can obtain adequate storage facilities.

They must also be in a position to afford the irradiation process. We have been listening
for many years to confident forecasts that the price of this or that radiation-emitting isotope
will drop to so many cents per curie, so that perhaps disinfestation by irradiation may be
competitive economically. But, in fact, there has been no real change over the last five
years in the selling price of cobalt or estimited cost of caesium production. In the United
Kingdom we still consider it uneconomical to attempt to extract caesium, Using the by-
products of nuclear reactors also requires, of course, a close degree of proximity between
the reactors and grain storage installations, and this is obviously not the case at the moment.

Finally, I should like to stress a point I made earlier on, namely that we should make
detailed studies of present methods of handling infestable commodities and attempt to
integrate irradiation processes with least disturbance to existing facilities. I am corvinced
that this is the most rewarding approach.

L. E. BrownELL: I mentioned fission gases only because very large quantities of activity
are necessary for food sterilization, and it has been thought that food processing plants
using irradiation may be able to utilize these gases at some future time when homogeneous
reactors have been perfected. At present we are pumping fumigants through our grain-
storage facilities in the United States; we may spend $ 50000 at one grain terminal on the
operation, and yet still we lose grain. S0 even in an advanced country, with fully adequate
storage facilities, losses occur. Present methods are unsatisfactory for other reasons also. For
example, there are residual toxins left in the grain after fumigation. Sometimes, when shipment
is necessary before the expected date, consignors must either face an expensive airing
process or ship the grain with a level of toxic materials above that permitted by the
Food and Drug Administration, in the hope that it will be sufficiently ventilated by the time
of arrival, If net, it is rejected for human consumption and must be sold as animal feed,
at a loss of half the price. A number of grain-handling companies are extremely concerned
about this situation and are therefore interested in trying irradiation, particularly in warm
areas where they now fumigate two or three times a year—as opposed to once a year or
once every 18 months in the United Kingdom or the northern United States, for example.

Now, as far as the correct design goes, I simply tried to show some of the effects of
geometry and why this flexible unit, which offers many alternative geometries, is an interesting
research tool.
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P. B. CorRNwELL: May I briefly outline how we at Wantage think our own thoughts on
sources for the irradiation of grain. I have emphasized previously our feeling thai cobalt-60—
in fact, isotope sources in general—are not practicable for disinfesting grain, the reasons
being both the high capital cost, enough to deter the sioutest-hearted business man, and
operating costs which are well above those for fumigation. Although this may be contrary
to Dr. Brownell’s views, I do believe that we can be successful in the disinfestation of grain
by using the new high-voltage electron machines at present being developed. In fact High
Voltage Engineering Corporation have developed, and have in the testing stage at the
moment, machines which ¢an treat grain at 200 t/h with 16500 rep at a cost comparable
to or undercutting insecticidal treatment. In the near future we hope to be engaged at
Wantage in pilot-plant studies with a machine of this type, principally to investigate
conveyor systems to afford the required penetration for this kind of treatment.

L. E. BrownNeLL; Although cobalt-60 is high-priced at present, we believe we could
carry out irradiation with it at a price of two cents per bushel, on a 24 h{d, 300 d/yr
operating basis. We estimated, with reference to an actual plant that handles, if I remember
correctly, 106000 bushels an hour at full load, that we could perform disinfestation at a
cost of one cent per bushel, using zirconium-niobium Ioaded three times annually, The
company was actually interested in doing this as soon as approval from the Food and
Drug Administration to irradiate food could be obtained.

Now as far as electron-beam accelerators are concerned, 1 made a study of the situation
for the Hanford people in connection with. a review of the future of the caesium market,
and one of the problems is the purely mechanical one of the limited speed of the conveyor
system. Since we run into induced radioactivity above 8 MeV, we are limited to, say, 5-MeV
machines, which means a very narrow band of grain. This in turn calls for very high
conveyor-speed in order to get adequate capacity. As a report published by Atomics Inter-
national in June 1958 confirms, this precisely is the limiting factor: one cannot get a high
enough conveyor-speed consistent with keeping the grain from flying off. With the gamma-
irradiator, on the other hand, one can irradiate in great volurme and so get the large capacity.

P. B. CoORNWELL: We intend to convey grain for electron treatment, pncumatically or
by a system of free-fall. I would agree with Dr. Brownell that it is out of the question to
use a belt conveyor for ireatment with electrons. Using pneumatic handling, the density
of the grain is reduced to about a sixtieth of the static bulk density, permitting the penetration
of electrons ; with the currently available pneumatic conveyors, using air speeds of 100 mile/h,
it is possible to convey grains at extremely high speeds. Furthermore the high-voltage
machines we have in mind provide dose rates in the range of 6 to 7 million rep/s. Thus,
with a combination of pneumatic conveyors or free-fall systems with such very high dose-
rates, it is possible to convey the grain and achieve the required dose.

L. E. BrowNELL: There is no doubt that the issue between accelerators and isotopes
is still a live one, and the food irradiation facilities for the Quartermaster Corps will have
one of cach type. ‘

THE CHAIRMAN (D. W. Jenkins, United States of America): Much good work is going
on in several countries on the effects of radiation on insect pests. I have asked Dr. Andreev
to be kind enough to review what is happening in this field in the USSR, but he tells me
that he has not got adequate notes with him at the moment on the work in progress. 1
will therefore request Dr. Cornwell to give us a brief résumé of the work Drs. Peredelskii,
Rumiantsev and others are doing in the Soviet Union.
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P. B. CornweLL: I have before me abstracits of three Soviet papers on the biological
effects of radiation on insects infesting cereal commodities. From the first, by Peredelskii,
I quote the conclusion that “"5000 r used against the rice weevil is very close to the sterilizing
dose, and this value could be used in technological calculations on irradiators designed
to disinfest grain on State granary conveyors™. I am not sure that I agree with the application
of this low dose of 5000 r since it will certainly allow some progeny to be produced. It is
also stated that: “Preliminary calculations show that it is theoretically and technically
possible to design gamma-ray units for large-scale sterilization of moving grain.”

The second paper is by Topchiev ef al. and was presented at the second United Nations
International Conference on the Peaceful Uses of Atomic Energy in 1958. 100001 is
considered quite sufficient to kill and completely sterilize weevils, and there is also a state-
ment in the paper that an installation has been designed and is to be put into operation
in the USSR in that year, having a capacity of 500 kg of grain {i.e. 0.5 t) per hour.

The third paper, by Sumarckov, is on radiobiology and deals principally with ““delayed
death™ of weevils subjected to irradiation. It gives a very interesting account of radiation
effects at different levels of oxygen tension, pointing out the greater resistance of weevils
wnder conditions of oxygen depletion,

S. V. ANDReev (Union of Soviet Socialist Republics): I should like to offer a few
comments in connection with Dr, Brownell’s second paper.

In the USSR we have paid great attention to pest control, particularly in recent years
when over 30 million hectares of virgin lands have been brought under cultivation. According
to the most recent information at my disposal, a large-scale elevator plant is being planned
where grain will be treated by the continuous process.

With regard to the economic aspects of the matter, there is much discussion in our own
as in other countries, but it would appear that one of the economically most advantageous
methods is the use of high-frequency waves which cause thermal selective processes in
living organisms. Insects have, of course, an almost 100% moisture content, and these
thermal processes occur much more rapidly in insects than in grain, which has a moisture
content of 12 to 159%;. This principle is yielding very effective results.

The work going on in numerous countries in this ficld does indicate that atomic energy
is at last really being used for rational purposes, in this case the preservation of the fruits
of human toil.

M. 8. QuraIsHL (Pakistan): 1 was greatly interested by Dr. Andreev’s references to
energy radiations other than nuclear ones. We did some work on the effects of ultrasonics
on Aédes aegypii eggs and housefly pupae. We found that after exposure to a frequency
of 0.5 MHz, the percentage of ¢ggs hatching out increased in comparison with controls
and that the time taken for hatching was also reduced.

The effects on housefly pupae were somewhat similar to those induced by irradiation
ag reported by Dr. Nair, these proceedings, p. 207. 1 wonder whether anyone would like
to comment on the effects of ultrasonics on insects and insect eggs, and on how these
effects compare with those of radiation.

THE CHamMaNn: If there are no further remarks which participants wish to make in
this connection, we will now proceed to consider another aspect of insect control, namely,
the actual elimination of insect species. This, I think, is a particularly exciting aspect, and
I believe we are on the threshold of really spectacular results.

Until recently we have had the idea that the only good insect pest was a dead one or
at all events one that was not present to disturb us. This being so, classical methods of
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control consist firstly of quarantine, by which the attempt is made to keep insects out of
certain areas of particular importance, and secondly, of using insecticides to kill insects.
Much has been achieved by this latter method, in particular. However, mass use of
insecticides, in addition to leading us to neglect appropriate measures in other directions—
draining swamps, and so on—and to bringing about the elimination of numerous parasites
and predators which formerly helped us to maintain control, has also conjured up the
enormous problem of resistance. We thus find ourselves on what one might term an
insecticide treadmill, nsing ever more toxic insecticides, ever more varied types of insecticide,
ever greater quantities of insecticides—a treadmill off which we fain would step, yet
dare not.

Consideration of the small size and enorimous reproductive capacity of insects suggests
the idea that if only we could find a way of applying these outstanding characteristics of
insects against themselves, in judo fashion, great results might be achieved. And this has
actually happened, as we are going to hear shortly. There are, in fact, about five different
methods by which insects can be used against themselves. The first consists of the release
of males rendered sterile by irradiation. The second is to employ genetic characteristics
such as sterile hybrids, using male factors such as those that have been found by Craig in
Aédes aegypti, and dominant lethals or a series of recessive lethals. Very interesting poten-
tialities exist here for changing even the behaviour pattern of insects by genetic means.
The third method calls for the use of chemicals to bring about sterilization, including
various radiomimetic and other substances which have been reported on recently, Under
this head also comes the use of hormones, to which Drs. Williams and Wigglesworth have
referred, as a means of upsetting the growth cycle, preventing diapause, and so on. The
fourth method consists of releasing parasites and pathogens along with sterile insects
themselves, which helps in the work of elimination. The fifth and last method consists of
population substitution or replacement. Hecre genetics and selection are called into play
to breed species less liable to attack man or his livestock or crops. This method is particularly
suitable for use in cases—which have arisen—where we find we are unable to eliminate
insects completely and have to find a way of living with them.

Returning to the first method, T think everybody has heard about the screwworm project,
which is undoubtedly one of the outstanding entomological accomplishments of the century.
We shall now hear something more of this in the course of the next paper.



SECTION 2

USING INSECTS AGAINST THEMSELVES






RESEARCH ON RADIATION IN INSECT CONTROL

D. E. WEIDHAAS, C. H., SCHMIDT AND W, F, CHAMBERLAIN
UNITED STATES DEPARTMENT OF AGRICULTURE, ORLANDO, FLA.
UNITED STATES OF AMERICA
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Resecarch on radiation in insect control. A summary of the development and application of the
sterile-male release technique, in which gamma-radiation was used as the sterilant, in the eradication
of the screwworm, Callitroga hominivorax (Cqrl.), is presented. Preliminary laboratory and field
results on the application of this same technique to the control or eradication of mosquitoes, Anopheles
quadrimaculatus (Say), and fruit-flies,—the Mediterranean fruit-fiy, Ceratitis capitara (Weid.),
the oriental fruit-fly, Dacus dorsalis, (Hendel) and the melon fly, Dacus curcurbitae (Coq.)—are
presented. Resulis are also given showing the lethal effects of radiation on some insects of medical
importance, including the body louse (Pediculus humarnus humanus L.), the housefly (Musca domestica
L.), the American cockroach (Periplaneta americana (L.)), the German cockrodch (Blattella germanica
(L.)), the firebrat (Thermobia domestica (Pack.)), the bed bug (Cimex lectularius L.) and the Pharaoh
ant (Monomorium pharaonis (L.)).

Recherche sur Pemploi des rayonnements dans la latte contre les insectes. Le mémoire donne un
apergu de la mise au point et de I'application de Ia méthode du licher de males stérilisés par les
rayons-gamma dans la destruction de la hcilic bouchére (Callitroga hominiverax [Cqrl.]). 11 indique
également les résultats préliminaires de recherches faites au laboratoire et dans des champs d’essai
sur l'application de la méthode pour combatire et exierminer certains moustiques (Anopheles
quadrimacnlatus [SayT), les mouches 3 fruit telles que la mouche méditerranéenne {Ceratitis capitata
[Weid.]), Ia mouche orientale (Dacus dorsalis [Hendel]} et 12 mouche du melon (Dacus cucurbitae
[Coq.)). Enfin, le mémoire contient des données qui attesient les effets 1étaux de Pirradiation sur
plusieurs insectes présentant un intérét médical, y compris le pou (Pediculus kumanus humanus [L.]),
la mouche commune (Masca domestica [L.]), la blatte américaine (Periplaneta americana [L.]), la
blatte germanique (Blattella germanica [L.)), la thermobia commune (Thermobie domestica [Pack.]),
la punaise (Cimex fectutariys [1.]) et la fourmi de Pharaon (Monomorium pharaonis [L.]).

Hecmenosanna B 0facTd NpAMeSENAA PATHORAIOTONOB B Pajmanas Jiud GopsSal ¢ HACOKOWHIVE,
B mornage maercs of30p pa3BHTHA H NPHEMEHCHES METOAA BHIMYCKA CTEDHILHAIX MYKCKEX ocobel,
OPH KOTOPOM TaMMa-DAARALMA HCHONB30BANACE B KAMECTBS CYENMIWIATODA A YHM4TOXRSHHA
xomsuesoro wepna Callitroga hominivorax (Cgrl). B nownane mpuBogares TAKRS NPSABIDHTEI b~
HEIE PE3YNLTATH NaGOPATOPHEIX. M MOMEBBIX HCCHSAOBAHME [0 MPHMERSHWIO 3TOTO METOAR &I
KOHTPOMA HIH YHWITOKCHHA MOCKUTOB Anopheles quadrimaculatus (Say) ¥ QDYRTOBRIX MyX -—
cpemuIeMHOMOpPCKOlE (pyKTOoBOY Myxu Ceratitis capitata (Weid.), Boctounoii dpyrromolt Myxm
Dacus dorsalis (Hendel) 8 npimmoit myxa Dacus curcurbitae (Co1.). B 0oRmane OPHEONATCH TAKKE
PE3YHLTATEL, CRHASTEIECTBYIONTHE O CMEPTENEHOM ASHCTENEA PAAMAIHA HA HEROTODHX HACSKOMELX,
AMEIDIIAX MENMUIHECKOS 3HAMEHME, BITIOUAS HATENbHYK Bownb (Pediculus humanus huwmanus 1..),
nomammieiQ Myxy (Musca domesrica L.), aMepuxanckoro rapaxkana (Periplaneia americana (L.)),
uHemenkoro Tapakada (Blatella germemica (L)), (Thermobia domestica (Pack)), mocTensoro xmonz
{(Cimex lectularius ..} B mypasesa-hapaona {Monomorium pharaonis (L)).

Investigaciones sobre el empleo de las radiaciones en Ia lucha contra los insectos. En la memoria se
resefia la preparacion y aplicacion de Ia técnica de suelta de machos esterilizados con radiaciones
gamma para erradicar la Calfitroga hominivorax (Cqrl.). Se indican igualmente los resultados preli-
minares obtenidos en el laboratorio y sobre el terreno acerca de la aplicacién de esta técnica para
combatir y erradicar ciertos mosquitos [Anopheles guadrimaculatus (Say)], y algunas moscas de Ia
fruta como la mosca mediterrdnea [Ceratitis capitata (Weid.)], la mosca oriental {Dacus dorsalis
(Hendel)], ¥ Ia mosca del meldén [Dacus curcurbitae (Coq.)]. Se exponen los efectos letales de las
radiaciones sobre algunos insectos de importancia médica, en especial el piojo valgar [Pediculus
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bumanus humanus (L.)], la mosca comiin [Musca domestica (L.)], 1a cucaracha americana [Periplancia
americara (L.)], 1a cucaracha alemana [Blatiella germanica (L)), la [Thermobia domestica (Pack.)],
la chinche [Cimex lectilarins (L.)] ¥ 1a hormiga faradnica [Monomorium pharaoniz (L.)].

1. Introduction

The impact of radiation and radiosiotopes on studies related to the control of insects
has been very great over the past decade. Radioactive tracers have been employed to study
the complexities of insect toxicology, physiology, behavicour, and genetics. Radioisotopes
have allowed us to advance our knowledge in these fields and have contributed. greatly to
studies on the mode of action of iasecticides, mechanism of resistance, development of
systemic insecticides, ecology of insccts, and insecticide residues. The eradication of the
screwworm (Callitroga hominivorax (Cqrl.)} from the southeastern United States of America
by rearing and releasing flies sterilized by gamma-radiation has successfully demonstrated
a new concept of insect control in which radiation is employed. Studies on the lethal effects
of radiation on insects suggest another approach in which radiation is used directly to
kill insects such as those found in stored products. The Entomology Research Division of
the United States Department of Agriculture has worked with several applications. It is
the purpose of this paper and the companion article on p. 93 to summarize the research
and development of the sterile-male release technique and the lethal effects of radiation
on some insects affecting man.

II. Eradication or control by release of sterile males

As early as 1937 KnmeLing [9] suggested the possibility of controlling insects by inducing
sterility in the male insect. He elucidated [8] the theories and applications of this concept
and emphasized the need for a thorough knowledge of the biology and behaviour of insects
considered to be controlled by this method. The development of this technique has been
made possible by the use of gamma-radiation produced by cobalt-60. For the method to
be successful, large numbers of insects must be reared, rendered sterile, and released into
a wild population so that the ratio of released sterile males to wild fertile males is snfficient
to overpower the wild population. Both the density of the wild population and its biotic
potential become extremely important factors. For example, if sufficient sterile males could
be released to reduce the overall viability of eggs from wild females to one-fifth (theoretically
a ratio of 5 sterile males to every wild male) and the biotic potential of the species were
5, then no reduction would occur since the effect of induced male-sterility would be just
batanced by the biotic potential.

With any insect one naturally appraises the situation in terms of requirements that must
be met if the technique is to be at all practical in application. The requireiments to consider
seem to be rather severe and are listed as follows:

(1} An economical method of rearing large numbers of insects must be available, or at least
the problem must be reasonably amenable to development.

{2) The insect must be of a type that can be readily dispersed by aircraft and other means,
and the males must have the ability fo search effectively for the opposite sex and mate
in competition with native males.

(3) The sterilizing procedure must not adversely affect mating behaviour or injure the males
appreciably.
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(4) The species to be controlled must have a comparatively low population or be subject
to reduction by insecticide or other means. Advantage may be taken of seasonal fluc-
tuations, since most insects are less numerous at some seasons of the year than others.

(3) The area to be treated must be reasonably well protected against reinfestation, preferably
isolated by water, mountains, or other barriers.

(6) The males to be released must not be harmful to man, animals or plants,

(7) Mechanical and low-cost means of separating the sexes before release must be available
in cases where the female is harmful. For example, to release female mosquitoes in large
numbers would create an intolerable condition for man and animals within the area.
This problem could be exceedingly difficult, although progress has been made in
mechanically separating mosquito pupae.

(8) A thorough knowledge of the habits and ecology of the insect is essential.

Research and development on the technique of releasing sterile males, with radiation as
the means of sterilization, has followed a general paitern. In cage tests with a Jaboratory
strain of insects, a species is exposed to different dosages of X- or gamma-radiation to
determine the minimum amount of radiation necessary to sterilize the insect without
impairing its vigour and longevity. Success in the preliminary phase of observation leads
to a determination of the competitive ability of sterilized and normal males. Different
ratios of sterile males, normal males, and normal females (for example, 1:1:1, 3:1:1,
5:1:1, and 10:1:1) are chosen and the insects allowed to cohabit cages; thus the
reduction in egg-viability is determined. Experiments to determine how many times males.
and females mate are also conducted. Finally, with the successful conclusion of this type of
experimentation, field trials are initiated.

III. Eradication of the screwworm from the southeastern United States of America

The screwworm proved to be ideally suited to the application of the sterile-male release
technique. A considerable amount of basic information on the biology and behaviour of
this pest was available. BUsHLAND and Horxins {3] [4] showed that males could be
sterilized with 5000 r, but adult females exposed at that dosage were still fertile. Exposure
of 5-d-old pupae proved much more satisfaciory since males could be sterilized with
2500 r and females with 5000 r. Up to the lethal dose of 20000 r there was little difference
in longevity between irradiated and normal flies.

Observations and experiments showed that the female mated only once, but that males
mated repeatedly. Only infertile eggs resulted from a mating of a fertile female and a
sterile male and the sterile male was shown to be competitive with the normal male. Sub-
sequently ficld tests were initiated.

The first of the field tests was conducted on the small island of Sanibal, 2 miles off the west
coast of Florida. Here sterilized males were released at the rate of 100/mile2 per week.
Within 8 weeks the percentage of viable egg-masses collected fell from 100 to 259 and
subsequently the original population seemed to be near estinction, However, one single
fertile egg-mass was found during the 12th week after releases had been started. Because of
the possibility of reinfestation from the mainland or nearby islands, the experiment was
moved to the completely isolated island of Curagao, with an area of 170 mile2 and lying
40 miles off the coast of Venezuela. The Netherlands Antilles Government agreed to join
in the experiment. Rearing and sterilizing of the flies were done at Orlando, Florida, and
pupae were shipped by air to Curagao. Within 24 h of emergence, flies were released by
air. Those released at the rate of 100/mile? per week during April and May of 1954 caused

17*
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15%; of the native flies to lay infertile eges. The release rate was increased to 400/mile? per
week in August 1954, The results obtained are shown in Table I.

TaABLE ]
RESULTS OF RELEASING 400 STERILE MALES PER MILEZ/WEEKX
Number of fertile Y £starile
Dute Hs‘;ﬂ:nassgs fgfxtnd es‘;“;?:;s:s found Per cent sterile
August 9—15 15 4 €
2329 17 38 69
September 6—12 7 2 36
13—19 3 23 28
20—26 o 10 100
October 4—10 o o -

The last fertile egg mass was collected during the week of September 13. Two sterile ege
masses were collected on November 4 and 11, By releasing and maintaining a dominant
population of sterile males on the island, eradication was brought about in 5 months or
in 4 generations of the insect, This experiment was summarized by BAUMHOVER ef al. [1].

In the United States of America the screwworm was present in the southeastern and
southwestern parts of the country. The population in the southeast was separate and
distinet from that in the southwest. Since that in the southeast overwintered only in
Florida, there was a good opportunity for eradication by the sterile-male release
technique. The screwworm caused losses to livestock estimated at $10 million per vear in
Florida and $20 million per year in southeastern United States. Since the atiempt at
eradication would involve an area over 300 times as large as the island of Curacao, large-
scale techniques had to be developed. A 2000-mile? test-area was marked off on the east
central coast of Florida (BAUMHOVER ef al.,, [2]). Approximately 500 sterile males were
released per square mile per week which required the rearing of 2 million flies per week.
Egg-mass collections in the treated area declined from a weekly average of 41 per station
during the first 2 months to 11 in the 12th week. At the end of 3 months, 70%; of the egg
masses were sterile. There was a continued high population in the check station north of
the test area, and a decline in those stations to the south and west.

Convinced of the applicability of the technique, the legislatures of the Federal Government
and the State of Florida appropriated the money for conducting the eradication campaign
in the southeast, For this purpose a fly-rearing factory was built at Sebring, Florida, in
a surplus aeroplane-hangar, A maximum production of 70 million flies per week was ob-
tained with an average of 50 million sustained during the campaign. A floor plan of the
assembly-line techniques used is given by JErFERSON [7]. The magnitude of the operation
is reflected in the weekly food-requirements for rearing 50 million flies, as shown below:

Ground meat 40t

Water 9600 gal
Beef blood 4500 gal
Plasma 65 gal

Honey 35 gal
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This campaign was so successful that the screwworm was eradicated completely and the
fly factory closed down less than 2 years after the start of the programme.

IV. Studies of the sterile-male technique with Anopheles quadrimaculatus (Say)

The successful development of the sterile-male technique with the screwworm fly suggested
its promise for other species. Among these would be certain anopheline mosquitoes. These
mosquitoes do not pass the winter in the egg stage, and consequently spring populations
are usually low. Even if not suitable by itself, the method might be useful in combination
with others or at a time of unfavourable biotic balance to the species. Much effort is devoted
to anti-malarial campaigns. Sterilized insects might be released to eradicate a population
already depleted by other control measures. The survivors in the native population could be
reached more certainly by the released insects than by any other means, Laboratory-rearing
procedures are available and it scems probable that mass-rearing and irradiation techniques
could be developed.

Davis et al. [6] in preliminary studies on the development of the sterile-male technique
with, guadrimaculatus showed that a Iaboratory strain of this insect could be sterilized.
Dosages of 8865 to 12900 r applied in the pupal or adult stage produced sterility in both
sexes. Sterilized females mated to normal males produced no eggs, whereas normal females
mated with sterile males produced a normal number of eggs but none hatched. When
sterile males were introduced into caged populations of normal males and normal females
at ratios of 4;1:1 or less, usually no reduction in the total number of viable eggs was pro-
duced, but at ratios of 6:1:1 and 10:1:1 there was a reduction of about 80%. With these
promising results the research programme on the sterile-male technique with guadrimaci-
latus has been expanded to include further laboratory studies and field tests. It has been
shown that motile sperm are produced and transmitted to females by sterile males. No
gross differences between normal and sterile males have been found with regard to sperm
production, sperm motility, or mating behaviour. The production of standardized, sexually
vigorous males on a largé scale is indicated to be a problem, since sexual vigour and
Iongevity have shown considerable variations in control studies. Studies of this species,
particularly with regard to mating behaviour, male behaviour and flight range, biotic
potential, and population levels and fluctuations are being conducted along with a field
experiment in which sterile males are being released into a wild population,

V. Stadics on the sterile-male technique with fruit-flies

In 1956 STEINER and CuoristensoN [11] reported studies on the lethal and sterilizing
effects of radiation on three species of fruit-flies; the oriental (Dacus dorsalis Hendel), the
Mediterranean (Ceratitis capitata Wied.), and the melon (Dacus cucurbitae Coq.).
They showed that sterility could be introduced into males when pupae were irradiated with
dosages of 2500 to 10000 r. The induced sterility was proportional to the dosage: however,
increased sterility with higher dosage levels was accompanied with increased mortality
and abnormalities. The most practical dosage was from 6700 to 8400 r. However, at this
dosage some fertile eggs were obtained from females mated to irradiated madles 24 to 44 d
old. The females of the three species named are known to mate several times; however, in
smallcage tests it was found that egg fertility was inversely proportional to the ratio of
sterile to normal males, Consequently, one can counteract multiple mating by releasing
very large numbers of sterile males. Members of the Hawaili Fruit Fly Investigations
Laboratery of the US Department of Agriculture have carried out many tests with regard
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to the development of the sterile-male technique. These include the gathering of data on the
biology of the insect, mass-rearing, sterilizing, and release methods. The entomologists at
this laboratory are now carrying out eradiction tests on islands in the southwestern Pacific.
The Mexico Fruit Fly Investigations Laboratory, USDA, in co-operation with the Mexican
government, has conducted similar developmental research on the sterilization of the
Mexican fruit-fly (Arasrrepha ludens Loew), Studies have shown results similar to those
found with the eother fruit-flies and this work has progressed to a ficld-development stage.

VL. Lethal effects of radiation on insects of medical importance

The availability of a cobalt-60 source and interest in the effect of radiation on insects led
CoLE ef al, [5] to study the lethal effects of gamma-radiation on the body louse (Pediculius
humanus humanus L.), American cockroach (Periplaneta americana 1.), German cockroach
(Biattella germanica L.), the firebrat (Thermobia domestica Pack) bed bug (Cimex
lectularius 1)), Pharaoh ant (Menomorium pharaonis 1.), and housefly (Musca domestica1..).
These research-workers exposed all the insects at different stages to gamma-radiation and
observed mortalitics after 24 and 48 h. The 24-h LD, values for adults are given in Table II.

TasLe IL
LDsp VALUES FOR INSECTS EXPOSED TO -RADIATION FOR 24h

LD+ ()

Srecies Females o Males
American cockroach 48000 50000
German cockroach 72000 76000
Fircbrat 98000 98000
Housefly HIO000 72000
Bed bug 150000 160000
Body louse 180000 170000
Pharach ant 190000 140000

A comparison of the L.D;y’s obtained with the above insects with those presented by
Proucn [10] for the hamster, 1000 r; the rabbit, 750 r; the mouse, 650 r; the dog, 550 r;
and man, 400 r demonstrates that the above-named insects are much more resistant to
radiation than the mammals. SuLLivan and GroscH [12] studied the effects of radiation
on adult wasps and noticed this difference. They pointed out that insects are less susceptible
since they have no replaceable epithelium, mucous membranes, or no hematopoietic or
lymphatic systems. Furthermore the adult-insect body is principally composed of fat,
muscle, and nerve tissues that, in mammals, are fairly radiation-resistant. In addition, the
insect is covered by a cuticle. Only tissues undergoing rapid division in insects (the gonads)
are highly susceptible to radiation. There appears to be a correlation between the size of
the insect and the amount of radiation required to kill it—the larger the insect the lower the
LDy, This correlation seems to be an anomaly in that smaller insects may absorb less of
the administered dosage than large ones. However, differences of species may be the cause.
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DISCUSSION

THE CHAIRMAN (D. W. Jenkins, United States of America): There are three questions
I should like to put to Dr. Weidhaas: first, what was the total number of screwworm flics
released in Florida ? Secondly, what were the livestock losses due to screwworm fly in the
whole southeastern area? Thirdly, what was the total cost of the entire elimination project?

D. E. WerpHaas: If my memory serves me correctly, the total number of insects released
was of the order of 6000 million. In Florida the depredations are estimated to have caused
10 million dollars’ worth of damage per year; if one includes the southeastern States, the
figure rises to $25 million/yr. The cost of the programme was of the order of $8 million. I
think 21l will agree that this represents quite a good return on the investment.

P. J. Droras (India): In the spectacular nature of the results it has achieved, the technique
which we have heard described is reminiscent of the advent of DDT in 1945. There is,
however, an important difference: we have learned from the unexpected phenomencn of
resistance-development that control is a highly complex operation and that a thorough
study of the behaviour, biology and ecology of the pest is an essential factor in achieving
good results. I feel that the success of this new technique is due in large measure to the
importance which has now been accorded to these aspects of the problem.

D. E. WErDHAAS: Indeed, for the application of this technique very many factors are
important, apart from those of total population and biotic potential. In fact, many of these
factors might also be termed limitations of the technique itself, and indicate already that
it will not be a universal panacea. We shall need to take our studies even further.

1. A. QavvuM (Pakistan): What precautions are you taking to prevent reinfestation by
screwworm fly once it has disappeared?

D). E. WEIDHAAS: A quarantine station has been set up and consignments of animals
have to go through it. A case was recently reported of screwworm detected in a greyhound
dog arriving in Florida. This case in itself did not lead to any danger of reinfestation, but in-
dicates that we have nonetheless a serious problem here.

R. M. PaTeL {(India): Do you think that the disappearance of screwworm fly could be
attributed to some factor other than the release of sterile males, i.e. to some natural factor?
There are cases of pests disappearing for several seasons and subsequently re-appearing.
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D. E. WemHAAs: No, I do not think there is any possibility of this having occurred.
During both the campaign itself and all the field trials, traps were operated throughout the
entire area to collect the fly, and measurements were made of the sterility induced in
the population. We could clearly sce the sterility pattern in the wild fly, which is pretty
conclusive, I think.

THE CHaRMAN: There is also the fact that we had an excellent natural control in the
form of the high Ievel of fly population which persisted in Texas, while the fly was eliminated
in Florida.

P. B. CornweLL (United Kingdom): I was interested in your attempts to correlate
radiation susceptibility with the size of the different species of insect. In your experiments
I agree that differences in susceptibility of species rather than of size confuse the issue. It
may be of interest fo mention that we have imported about 40 wild strains of the grain
weevil from different parts of the world, tested their susceptibility against average adult
weight, and found no significant correlation between susceptibility and size.

Turning now to another point, you indicate in your slide that the species can acquire
no immunity. Is anyone aware of research being carried out on the possible development of
resistance in insects subjected to substerilizing doses?

D. E. Wemnaas: I know of none myself. The statement about non-immunity was, of
course, made in connection with the release of completely sterile males.

P. PiregriN (France): To be effective, need the sterile-male release method be confined to
insects which mate only once? One rather gets this impression from the literature.

D. E. WEmHaAAs: No, I think on the contrary that the laboratory work with the fruit-fly
is a definite indication that the method will also work with multiple-mating insects. Fruit-
flies are, of course, known to mate many times, and yet, in the laboratory, if sterile males
are made to cohabit with normal males and normal females a reduction in egg viability
<an be shown. It seems o me—and I suppose this will have o be proved for any particular
species—that if the sperm of irradiated insects is equally competitive with that of normal
ones, then multiple-mating should really have no influence.

THE CHAIRMAN: I might add a comment on some work that has recently been done with
the tsetse fly, It has been found that, although the tsetse fly mates more than once, the sperm
that is put in the receptacle during the first mating is that which determines fertility. Thus a
normal female inseminated by a sterile male will produce only sterile offspring, even though
she has mated with other, normal males.

P. B. CorNwELL: Donnelly has presented some interesting observations (unpublished)
pertinent to this question of multiple mating. In the blow fly, Lucifia sericata he found that
insemination of sperm is apparently followed by a secretion of the male accessory glands
which coagulates to form a plug. It would certainly be of interest to see to what extent
this feature is characteristic of other species, since such plugs may well prevent the introdue-
tion of further sperm.

D. E. WEIDHAAS: We are beginning to undertake studies on the reproductive systems of
our mosquitoes, Among the interesting discoveries made is the fact that our Anopheles
mosquitoes have one spermotheca which is, of course, full when the insect is mated, while
our Aédes species mostly have three spermotheca, two of whick are full and one empty.
We have run some sterilization tesis with Aédes aegypti and found that we could obtain
partial sterilization. We have still a tremendous amount to learn about insect reproduction.
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P. PiLeGrIN: If 1 understood correctly, your insect-breeding plant has been closed down.
What would happen if the operation has to be repeated two or three years hence?

D. E. WEIDHAAS: Perhaps I did not make myself quite clear. The plant was “‘put in
moth balls”, meaning that it would be available for further use if required—either in Florida
again or elsewhere in the South-East.

I should like to make just one comment in connection with chemical sterilants, to which
Dr. Jenkins referred a while back. Assume for example that an insecticide and a sterilant
can each account for 909 of a population, the former of course by killing, the latter by
inducing sterilization in 909, of individuals. Where insecticide has been used the 10%
survivors still represent a viable population capable of reproduction, and through the develop-
ment of resistance will have becormne harder to eliminate. The 109 unaffected by the sterilant
are, however, in quite a different situation; their numbers will be still further reduced by
mating with individuals of the sterile sector, and, on the basis of the 909 sterilization
potential which we have taken as an example, the odds are 9 to 1 that mating will render
more individuals sterile. Insiead of a 909% reduction of the population, obtained with
insecticides, a 999, reduction will, in fact, have been achieved with sterilants. This again
illustrates the deadly effectiveness of the self-eradication principle.

THE CHAIRMAN: | might add that at the conference on entomology held at Atlantic City
last week one participant reported some excellent results with the use of chemical sterilants
against houseflies.
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Abstract — Résumé — AnsoTamas — Resumen

Control other than by inmsecticides. A new method of control by irradiation of the males has
recently been successfully tried in the United States. It would be very interesting—and seems
feasible—to apply this method to the Dysdercus problem in tropical countries. The breeding and
basic experimental work could be done in Metropolitan France, the effects of the irradiation could be
propagated by suitably attracting the populations and as a result of their own movements. The results,
if suecessful, would be of considerable economic value to the Overseas States.

Note sur les possibilités de lutfe aaires qae les insecticides. Une nouvelle méthode de lutie par irradia-
tion des mdles a récemment fait ses preuves aux Etats-Unis; il serait trés intéressant et il parait
possible de partir de cetie donnée pour ’appliquer au probléme des Dysdercys en pays tropicaux.
Elevage et expérimentation de base sont possibles en métropole, attractifs et mouvements des popu-
lations simplifieraient 1a mise en pratique de l'irradiation. L'intérét économique final serait consi-
dérable pour les Efats d¢’Cutre-Mer, en cas de réussite d'un tel projet.

3ameqamma 0 BOIMOKBOCTAX Gopnlal ¢ BACEKOMEIMB NOMRMO HECEKTHUHA0B. B nocienges Bpemst
5 CHIA ucnhimad HOBRIM MeToA SOPLOGEL ¢ HACEKOMEIME HDH NOMOLIM OONYYCHHA CaMIOR; GHRUIO
€bl BeCBMA METEPECAO M BO3MOXHO RCXOAMTH M3 3THX AaHHMX M IPHMEHHTE 3T0T Meron  Dys-
dercus B TPODMYECKHMX CTpaHaxX. PaspefieHMe ¥ JECTEDHMEHTH BOMMOMXHLI BO Dpamysu; IpH-
BACKAIOLHE CPEOCTRL W OBMKEHHE Dmomyimmi yopoeTid Onf OpaMeHeHae oSmydenns, Koreaunie
3KOHOMPMECKHE BHTOME! GLUTH OB 3HAMHTENRAM IJIA OPYTHE CTDaH, eciu Bnl nogobrsii mpoesT
JAKOHYRICA YCIIGOIHO,

Nota sobre la posibilidad de Iuchar confra los insectos con medios distintos de los insecticidas. La
eficacia de un mevo método de fucha contra los insectos basado en la irradiacién de los machos
ha quedado demostrada recientetnente en los Estados Unidos; seria muy interesante poder aplicarlo
al problema de los Dysdercus en los paises tropicales, donde es posible que dé buenos resultados.
Las primeras operaciones de cria y experimentacién podrian llevarse a cabo en Europa; los movi-
miéntos de las poblaciones de insectos, atraidas mediante cebos adecuados, simplificarian la irra-
diacién. En caso de que el proyecto tenga éxito, el método presentaria en definitiva considerables
ventajas econdmicas para los paises de ultramai.

Généralités

C'est un souci tenace chez certains entomologistes, et pas seulement ceux de la «vieille
écolen, d'échapper 4 Iextension tyrannique des traitements chimiques qui s’est réalisée
depuis une quinzaine d’années grice 3 la découverte des insecticides synthétiques. Sans
reprendre tous leurs arguments, citons simplement, en défaveur des traitements chimiques:
leur fréquent danger pour I’homme ¢t les vertébrés, la destruction aveugle des utiles aussi
bien que des nuisibles, et I'accoutumance plus ou moins rapide de certaines espéces 3 un
produit ou méme 3 une classe entidre de produits.

Dans les contrées tropicales «sous-développées», le prix de revient des traitements est un
autre obstacle majeur, pour des cultures de faible rendement ou de productivité économique
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marginale. Cependant, les traitements chimiques sont en voie d’extension pour quelques
cultures industrielles de bonnes conditions techniques. Méme ici, les aléas demeurent
grands: pannes d’appareils, d’avion, météorologie défavorable au moment de I’application,
mangque de personnel spécialisé, etc.

Les méthodes évoquées sous le terme général de «lutte biologiquer connaissent un
renouveau d’intérét, et les recherches ont été étendues 4 de nouveaux chapitres: ainsi,
Pétude des maladies bactériennes et & virus chez les insectes est en passe de recevoir des
applications pratiques étendues et fort prometteuses. Jusqu'alors, on recherchait des
méthodes olt I'homme, aprés avoir introduit un facteur nouveau (entomophage, maladic)
dans une région naturelte, kaissait ensuite évoluer 1’équilibre, sans intervenir continuellement.

I. Lutte par stérilisation des miles

Depuis peu sont apparues des techniques qui, s"appuyant essentiellernent sur la connaissance
des facteurs biologiques, laissent cependant opérer un facteur physique ou chimique que
I’homme maintient en permanence ou réintroduit fréquemment. Parmi quelques exemples,
le plus démonstratif est celui de la Intte contre les mouches, Callitroga hominivorax, vivant
dans les plaies des mammiféres en Amérique centrale, et causant aussi de graves pertes a
I’élevage dans le sud des Etats-Unis, au Mexique etc. Des études biologiques minuticuses
ont d’abord montré que les femelles de ces diptéres ne s’accouplaient qu*une fois. On a
ensuite envisagé de lacher des miles stériles au moment de I'accouplement. Enfin, on a mis
au point Iirradiation par une bombe an cobalt, des pupes de ces mouches, €levées en
grand nombre au Iaboratoire, afin de Jicher des adultes stériles (mais pouvant s’accoupler)
ou porteurs de «anutations chromosomiques» conduisant 4 Pavortement chez les générations
suivantes. Aprés une réussite éclatante dans I'ife de Curagao, on étudie I’extension de cette
lutte aux régions continentales.

Ce succés est certainement attribuable tout d’abord 4 Ileffort scientifique et financier
que les laboratoires des Etats«-Unis ont pu fournir, ensuite 3 certaines particularités
biologiques de I'espéce en cause, notamment le fait qu’elle parasite des animauvx vivant
pour la plupart en domestication et prés de ’homme. En conséquence, la transposition
directe de ]la méthode 4 d’autres problémes parasitaires parait étre exceptionnelle.

REPRENONS LES POINTS DELICATS

1. L’accouplement unique de la femelle, qui fut le point de départ des recherches, n’est
pas, comme on powrTait le croire, une donnée nécessaire. En effet, pourvu que les
spermatozoldes «irradiés» aient gardé une mobilité normale (ce qui peut étre ajusté
assez facilement, semble-t-il), peu importe, pour Ie but final, que 1a réducticn soit due
4 une proporiion X de femelles sans descendance dans la population des mouches, ou
4 Ia méme proportion X d'ovules voués a I'avortement dans I'ensemble des mouches.
On peut donc espérer arriver 4 des résultats pratiques dans la généralité des cas.

2. La libération d’'une quantité considérable de mdles traités (50 millions par semaine)
impose des installations énormes pour 1'élevage artificiel des mouches, et nn personnel
extrémement nombreux. Les mémies contingences, transposées 3 des parasites de végé-
taux, sembleraient impossibles a réaliser.

3. Les résultats ont &8 trés démonstratifs en raison de leur rapidité: réduction des popu-
lations de parasites en peu de semaines, éradication probablement totale en quelques
mois. Il n'est certes pas indispensable que les résultats soient aussi complets et aussi
rapides, pour étre exirémement intéressants.
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IL. Projet d’étade sur Dysdercus

Dysdereus estun hétéroptére; les nombreuses espaces du genresont répandues dansles zones
intertropicales ou subtropicales du monde entier, Le plupart d'entre elies sont plus ou moins in-
féodées aux malvales, et certaines sont extrémement nuisibles aux cultures cotonnitres, surtout
en Afrique noire et en Asietropicale. La pullulation de ces hémiptéres ’6tablit en hors-saison
sur des plantes herbacées ou arborescentes de la brousse ou de la forét, et, au moment de
la formation des capsules, on assiste 3 une migration parfois formidable des adultes vers
les champs de cotonniers. Ces insectes sont nuisibles directemént par Ieurs piqlires nutri-
ticlles, mais surtout indirectement par I'inoculation de maladies cryptogamiques {champi-
gnons du genre Nematospora et voisins, bactéries, etc.) amenant une pourriture totale du
contenu des capsules. Les dégéts peuvent étre considérables méme avec des populations
assez faibles, et ils sont d'autant plus graves qu’ils se produisent sur la récolte 2 un stade
avance, & une époque ol une nouvelle fructification ne peut plus s’établir. La lutte chimique
se réwtle parfois décevante, non pas parce que Iinsecte est spécialement résistant anx insecti-
cides (I'action directe de I'H.C.H., de la dieldrine, du parathion, etc. est excellente) mais
parce que le renouvelfement continn des flots d'invasion maintient un niveau assez élevé
pour faire des dégéts indirects considérables, bien que les migrants meurent quelques
heures aprés leur arrivée dans un champ traité de fagon convenable.

Les entomophages s’attaquant i Dysdercus sont assez rares, limités aux zones humides,
et en général peu ¢ flicaces; ils sont au moins ausst sensibles aux insecticides que Dysdercus
lui-méme. Les maladies de ces insectes ne sont pas connues, mais il n’y a pas eu Jusqu'a
présent d’épidémies observées, ni sur des plantes hétes sauvages, ni dans les populations
établies dans les cotonniers.

Ainsi, ni la lutte biologique classique ni Je renforcement des traitements chimiques ne
sont assurés d’apporter une solution toujours pleinement satisfaisante. N’y a-t-il pas une
indication intéressante pour chercher une éventuelle application de Ia lutte par irradiation
a ces insectes qui sont d*une importance économique trés grande, 4 la fois pour des vastes
régions oil la culture cotonniére ne peut supporter les frais des traitements insecticides et
pour d’autres o ces derniers n’arrivent pas A résoudre totalement ce probléme?

Un facteur favorable complémentaire réside dans P'attraction que certains extraits de
fruits de végétaux peuvent exercer sur des adultes ailés. Des essais préliminaires effectuss
4 Madagascar ont montré que les tourteaux industriels provenant de Phuilerie locale
traitant les graines de bacbab attiraient les insectes sexuellement mirs & des distances de
plusienrs centaines de métres. Au lien de créer des élevages artificiels trés onérgux, on
pourrait donc utiliser cette attraction pour obtenir de grandes quantités d’insectes venant
de la nature, qui pourraient étre traités pour ainsi dire automatiquement dans une installa-
tion comportant attractif et générateur de radiation; ils seraient ensuite relichés en temps
ntile, c’est-h-dire avant la génération qui fournira les migrants vers les cotonniers.

Enfin, signalons que les élevages sont relativement faciles 3 réaliser en climat tempéré,
et que le laboratoire d'entomologie appliquée du Muséum maintient des souches de D. fas-
ciatus depuis plusieurs années.

Il semblerait donc possible d’entreprendre un programme préliminaire portant sur les
points suivants:

1. Amélioration des techniques d’élevage en métropole, constitution d'élevage des diverses
espéces nuisibles au Iaboratoire.
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2. FBtude préliminaire des doses et modalités dirradiation riécessaire et des effets sur les
générations présentes ou ultérieures, sur le plan génétique des populations—sur ces
élevages de laboratoire.

3. Action éventuelie de Tirradiation sur les champignons et bactéries véhiculés par les
insectes (action directe et mutagéne).

4. Etude plus approfondie des attractifs, extraction et isolement des substances chimiques
responsables, ete,

5. Etude préliminaire de la dynamigue des populations dans Ia nature, sur Ies plantes de
brousse et sur les champs, étude poussée des facteurs de migration.

6. Esquisse préliminaire de I'installation de traitement automatique dans la nature, A
installer tout d’abord prés d'une station de recherches cotonniéres.
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DISCUSSION

J. E. Casipa (United States of America): Is the chemical nature of the attractant known?

P. PELEGRIN (France), who presented the paper: I think I am right in saying that the
chemical nature of the. attractant is not known at present.

P. J, Deoras (India): Some work has been done in India which indicates that chemical
attractants can be used to attract female insects for oviposition or males for mating, For
example, it was found that the chemical Indol attracted the females of Dacus cucurbitae,
and that fermenting oil-cake was an attractant for oviposition by females of Musca nehulo.
The whole question of chemical atiractants, particularly for the control of the housefly,
is extremely interesting, and I feel sure that our Chairman can throw much light on it.

THE CHaIRMaN (D, W. Jenkins, United States of America): The subject of attractants
is an enormous one, and so it is scarcely possible to go into it in detail here. Certain
attractants have been developed for houseflies and mosquitoes; in the case of the former,
for example, a certain form of peptone and similar compounds have been found to be
highly effective. In the case of mosquitoes, much work has been done on attraction; some
successful methods are, in fact, not chemical, such as the use of tuning forks and of
antmals put out as attractants. Among chemical, methods the release of carbon dioxide
from dry ice has been found to be highly attractive. Other chemicals are being studied but
none has vet been fully proven as far as I know, although there have been some promising
reports recently.

I would conclude that, in general, attractants have a great value in conjunction with
the use of radiovisotopes and radiation. 1 think it would be possible to use mobile radiation
units in the field to sterilize various types of insect which have been artifically attracted
inte the vicinity, [t may even be possible to use such mobile radiation units where mosquitoes
or houseflies are breeding in numbers, and irradiate them before using them in the sterile-
male release technique.
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P, B, CornweLL (United Kingdom): During the course of studies at Wantage we have
been interested in the possible use of sterile-male release for control of insect pests in
cotton, Suggestions have been raised with the Empire Cotton-Growing Corporation in the
United Kingdom but I think it is felt that the biology of the species, particularly Dysdercus
Jasciatus, is not really suited to this techmique.

In the paper just given, I understand that the author is suggesting that irradiation might
be carried out in the field at points where the seeds attract the insects. If this is so, I rather
doubt the feasibility of this approach; success with sterile-male rtelease, surely, depends
on the irradiation of material at a critical stage of development and with a critical dose.
Similar suggestions have been raised with other species for the use of irradiation in the
field at points where the insects accumulate; for example, rhinoceros beetle (Oryefes
rhinoceros), a pest of coconut palms, is attracted to and breeds in trash in the soil, and it.
has been suggested that radioisotopes might be poured into these trash tips and irradiation
thus carried out under field conditions. But I think this would prove an unprofitable aid
to the sterile-male technique.

E. 1. Veval (India): Dysdercus cingulatus, known as red cotton bug, is very common
in India, and I have observed that it is strongly attracted to Hibiscus esculentus and other
hibiscus species. I wonder whether this could be used as a trap crop? H certainly has one
drawback: it is a preferential host for other cotton pests.

P. PELeGrRIN: Mr. Delattre’s studies concerned Dysdercus fasciatus, and so T am unfortu-
nately unable to commment on this.
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. Abstract — Résumé — Anmoramia — Resumen

On the role of fethal mutants in the controt of populations. Population control by release of
irradiated males requires that the sperm must be damaged by radiation. The type of damage induced
by radiation imposes a restriction on which species may be controlled because if the sperm are
functionally damaged by radiation, then for effective control, the females must be monogamous.
If dominant lethality is induced in sperm then either polygamy or monogamy may prevail.

It is generally accepted that dominant lethal events are induced in sperm at doses much lower than
those required to hamper sperm function or cause sperm inactivation. With Drosophila it is possible
to test directly the effect of releasing irradiated males into an artificial population where polygamy
is the rule,

Preliminary experiments have been performed under conditions of unlimited production of
offspring.

1t appears that radiation induces dominant lethality in sperm, and the sperm that bear dominant
Iethals are able to compete successfully with normal sperm. A seiies of tests are currently under
way to ascertain the degree of induced dominant lethality and sperm inactivation at different X-ray
dosages.

A series of experiments are outlined in a general discussion of the possible use of dominant and
recessive lethals for bringing about collapse of artificial and natural populations,

Le réle des mutants lEtanx dans la Iutie contfre les insectes. Pour que Ie Iicher de miles irradiés
puisse contribuer 4 Ia Iutte contre la prolifération des insectes, il faut que le sperme ait été endommagé
par les rayonnements. Les espéces contre lesquelles on peut lutter par ce moyen dépendent du genre
de dommages radioinduits. En effet, st seule la fonction spermatique est atteinte, I'irradiation ne sera
un moyen de lutte efficace que si les femelles sont monogames; si au contraire on provoque une
létalité dominante dans le sperme, les femelles peuvent étre polygames ou monogames.

On admet généralement que les phénoménes de [étalité dominante interviennent dans le sperme
4 des doses sensiblement inférieures aux doses nécessaires pour modifier Ia fonction spermatique
ou rendre le sperme inactif. La drosophile permet de. constater directement Ies effets du lacher de
midles irradiés dans une population artificielle dans laquelle la polygamie est la régle.

Les auteurs ont fait des essais préliminaires dans des conditions de reproduction illimitée.

Il est apparu que les rayonnements provoquent une létalité dominante dans le sperme, &t que
jes spermes 4 mutants 1étaux dominants ne le cédent en rien aux spermes normaux. Les auteurs font
actuellement des essais pour déterminer le degré de létalité dominante radicinduite et le degré
d’inactivation du sperme, selon la dose de rayons X.

Le mémoire présente les résulfats des expériences faites et donne un exposé général des diverses
fagons dont on peut tirer parti des mutants 1étaux domipants ou récessifs pour décimer des popula-
tions artificielles ou naturelles,

O poan NeTANRHEIX MYTAHTOB B KOHTPOJIEe BAA BEAaMH. [IpH OCYIIECTBICHHH KOHTPOSIH HAR
BUNAMH TIPY OOMOIMY BRITYCKA OONydeHHBIX Mymckux ocobelt meofxomivo, 4robbl coepma Grina
MOBPEKICHA papuaiueli. Tun DoOBpexmeHMs, BRI3BAHHOIO paaWaNueil, HANATACT OTpDAHHICHHE
B OTHOIOEHHH BOIMOXHOCTH KOHTDONS HAN BUEAME, MOCKOILKY, 6ClIH DANUamusd BLI3BANA HADY-
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wenHe QyEKUEE coepmel, ans ofecocdeAns 3deKTUBHOCTH KOHTPONA HEoDXOomamo, 9T00H
KeHCKHe ocobn Obuni Moseramubl, Ecmi B coepMe ofpasopaHa JOMPHEPYIOMANR FEeTATRHOCTR,
TO BOIMOXHO Ipeobnamaeve mmo momravup, TG0 MOHOTAMEH.

OfLeNpH3Aan0, 9T0 CIy9dH OOMEHEpyIomell NeTansHOCTH BHIZEIBAIOTCA B CUEPME O3a&MA
IBATNTENLHO MEHBDIMME, 9eM A03bl, TpeOyeMble NS HapyleAus GyBKIWE CIepMel M
NpEKPAlISHHA ¢ JKH3HEACATENEROCTH. [IPE FCOOMEICBAHAA APO30OAIEI BOIMOXHQ HENOCpeacT-
BEHHC HCCIENORATL BIMAHNWE BHIIYCXA OONMYYSHHBIX My®cKuX ocobeli B EcKycorsensnii poik, roe
TONUTAMHEA ARIASTCA OP3BAIOM.

IIpeppapiTeLHEEe ONEITHM OHIIM OPOBENCHBI B YCNOBUAX HEOTDAHRYEHHOTC BOCOPOW3IBOACTBA
NOTOMCTBA.

OKa3anoch, 4TO PANMALRS BRISBIEACT B cOCpMaxX TOMHEHPYIOIIYIO JETANEHOCTh, M CIEPMEL,
HECYDXHE J035] MOMHNHDYIOMESH ITANEEOCTH, CHIOCOOHE! YCHEIHO KOHKYPHPOBATE C HOPMAINLHEIMA
coepmaMp, B HacTOmnee Bpems NPOBOOETCA CEPHA OUBTOBR ¢ HEMbLH YCTAHOBNEHHMA CTCOCHH
o0pysyeMoli AoMuHHpYROME ETATLHOCTH H [PEKDANEHAN JBIHEAEATCIHHOCTH COEPME PR
PAZTATHED, [03aX 06nyweHNS PERTTEHOBCKUMA JIYIZMH.

PesyIeTaTht HAIMX OMLITOB OYAYT TIPSOCTABACHET BMecTe ¢ 001iMM 0030pOM BOIMONHOIG
MCIOABIOBAHMA 03 AOMUHAPYIOMEH H YMEHPMWAIOMEHCH JNETANBHOCTH JMd  YHHUTOKEHHS
MCKYCCTBEHHBIX M eCTeCTBEHEEBIX DOEB.

Fmcion de las mutaciones letales en la Tucha coutra Ios insectos. Para que la suekta de machos irra-
diados pueda contribuir a la lucha contra la proliferacion de los insectos, es preciso que €] esperma
sufra dafios como consecuencia de la irradiacién. El tipo de dafio radioinducido limita el niimero
de las especies que pueden combatirse, porque en los casos en que la irradiacion causa dafios funcio-
nales en ¢l esperma, las hembras han de ser mondgamas para que la lucha tenga eficacia. Si se inducen
en el esperma mutaciones letales dominantes, puede predominar a poligamia o la monogamia.

Se¢ admite generalmente que Ias mutaciones letales dominantes son inducidas en el esperma mediante
dosis muy inferiores a las necesarias para entorpecer la formacion del espeima o producir su inacti-
vacion. Empleando Drosophila, es posible comprobar directamente lz influencia de la suelta de
machos irradiados sobre una poblacitn artificial en la que predomina Ia poligamia.

Se han efectuado experimentos preliminaies en condiciones que favorecian la produccién ilimitada
de progente.

Se ha comprobade que la irradiacién induce mutaciones letales dominantes en €l esperma, ¥ que
los espermas que han sufrido esas mutaciones son capaces de competir con éxito con los espermas
normales. Se estd llevando a cabo una serie de experimentos para averiguar el grado de letalidad
dominante inducida y de inactivacién del esperma con diferentes dosis de rayos X.

Se presentan los resultados de estos experimentos, junto con un estudic general de la posible
utilizacién de las mutaciones letales dominanies y recesivas destinadas a provocar el exterminio de
las poblaciones naturales y artificiales.

1. Introduction

KnN1pLING [1] has discussed the possibility of controlling insect and other animal popula-
tions through. application of the following principle: introduction of a number of sexually
vigorous, sterile males into the natural population will have a greater influence in reducing
its biotic potential than if the same number were ¢liminated by destruction or removal.
He has also discussed the need for studying physical and chemical means which may produce
sterility in various types of animals. The eradication of the screwworm from Curacao
and Florida serves to underscore the essential correctness of his principle.

One of the present authors [2] has pointed out that where males are irradiated and released
in the field, the restriction of monogamy in females of a species is not a requirement for
controlling population-size, since sterility of the males (sensu stricfo) is not necessarily
the radiation effect which causes the population decline. KaurMaN and WASSERMAN [3]
have indeed shown that dominant lethals are induced by X-rays in the screwworm. Even
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with multiple matings by every female, the population collapse would be as inevitable
and rapid as when the females are monogamous.

II. Dominant lethals and sterility

Probably the most important effect of radiation is the induction of dominant lethal
mutations in the sperm, not male sterility. For illustration, let us consider an insect popula-
tion made up of teh males and ten virgin females. Ninety irradiated males are introduced
into this population. The females mate only once. For this simple example, et us assume
that nine of the females will mate with irradiated males and produce no viable offspring,
and that one will mate with a normal male and produce normal offspring. 100%; of the
eggs from one female and 109 of the total batch of eges will survive. In this case, it will
not matter whether the sperm contain dominant lethals or the males are made sterile.

Now consider the same conditions, but let every female mate ten times. Of her ten mates,
assume nine have been irradiated and have sperm containing dominant Jethals and one
has normal sperm. 109 of the eggs from each female and therefore 10% of the batch will
survive; this result is identical to the outcome predicted from strict monogamy, even though
polygamy is the case here. On the other hand, in the polygamous case, if the irradiated
males are sterile, 1009 of the total batch of eggs survive.

It is obvious thas, if radiation primarily induces dominant lethal mutations in the sperm,
the results are jdentical whether female monogamy or promiscuity obtains. In practice,
one can, of course, imagine circumstances whereby monogamy or polygamy could influence
the rate of decline, and according to the circumstances, polygamy actuaily could be a
necessary requirement for population collapse. For instance, if selective mating of brothers
and sisters occurs when adults from one cluich emerge simultaneously (as with certain
wasp species), then further matings to irradiated non-brothers wonld be required. for
successful population-control by the irradiation-of-male method.

h is generally known that at levels of radiation of about 10 kr, dominant lethal events
are induced in over 99%; of the sperm, both in the fiy Drosophila and the wasp Habrobracon,
However, to obtain complete killing of the sperm, radiation levels of about 200 kr are
required [4] [5). Tt has been observed in Drosophila that dominant lethals are induced in
mature sperm and spermatocytes in later stages of spermatogenesis, and that after these
cells are exhausted a period of sterility sets in, from which, at doses of about 10 kr, the
flies never recover [6]. The process of sperm exhaustion following irradiation requires
about a week of continuous multiple matings, but Drosophils males that have not been
mated for 19 d after irradiation still have sperm reserves containing dominant lethals [7].
With the simple cytological procedures now available for determining, at different doses
of radiation the components of dominant lethality [8] and sterility [6], there should be
little difficulty in determining dose-effect relations for any insect.

Furthermore, it seems likely that coltapse of populations from chronic or acute irradiation
is principally a reflection of the sensitivity of the dominant lethality component of the
mutation spectrum. The general problem of eradication of populations by introduction
of irradiated males is, therefore, closely related to the problem of population collapse from
induction (by radiation) of dominant lethality within a population.

III. Experimental plan

Since the analytical and experimental procedures we are using with Drosophile populations
are applicable to almost every other insect that can be reared in the laboratory, these
methods are briefly described even though they have not yet been implemented in detail.

18%
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It is expected that a number of parameters affecting population size could be determined
and that on this basis equations could be derived that show the most efficient radiation
dose for males, the most effective time interval for the introduction of new males, and the
optimal number of males introduced. Accordingly, experiments are under way to assess
the optimal ratic of normal males to males which carry different amounts of dominant
Iethals or are sterile. Other parameters, such as the sensitivity of the gametes to radiations
(dominant and recessive lethal mutability), the effective lifetime of females, and the lifetime
of unirradiated and irradiated males, are already known or can be easily determined.

The second phase of the programme will be instituted on completion of data-processing
to find how closely the observed results fit the expected results. If unforeseen parameters
are uncovered (if population decliné is slower or more rapid than expected), these will be
studied with the second series of experiments.

The second series will consist in adjusting the parameters (radiation dose, number of
males released, and intervals of release) so that the number of fertile flies will become
constant and remain stabilized.

From this study it is expected that formal equations can be established from which one
could learn many basic genetic features of natural populations on the verge of extinction;
these equations also could serve as a basis for estimating parameters necessary for the
eradication of any insect pest.

The third phase of the programme will be to use the data revealed by eradication from
irradiation and release of males to estimate the effects of acute and chronic radiation
directly upon populations of D. melanogaster without the introduction of irradiated males.

This programme could then fit in neatly with a separate programme being initiated to
determine the effects of the high doses of radiation necessary for exterminating populations
without the addition of individuals from outside. The components of the mutation spectrum
that are effective in such an extermination (radiation-induced dominant lethality, recessive
lethality, and subvital mutations) will be computed. Fhese data will be used to aid in
estimating radiation hazards to human populations.

IV. Recessive lethality and female sterilify

It is of interest to consider briefly the possible consequences of introducing recessive
lethal genes or female sterility genes into a natural population. With the successive introduc-
tion of large numbers of males, heterozygous at several loci for these genes or types of similar
genetic character, it is inevitable that the repreducing population size would be depressed.
Elimination of the population by this type of control-measure would proceed more slowly
than after the introduction of males containing dominant lethals, and would reach equilibrium
after each group of genetic defectives had been introduced. Final collapse of the population
could not result directly from interference with its genetic structure but would depend
upon extraneous factors such as the inability of mating pairs to find one another after the
population declines to a certain critical size.

V. Distortion of segregation ratios

Several genetic and physiological situations are known which have one characteristic
in common, namely that of distorting the normal, mendelizing, 1:1 ratio of gametes or
of altering zygotic ratios. Two examples will be discussed which might possibly be used
for the control and eradication of natural populations, once their characteristics become
fully understood.



LETHAL MUTANTS IN CONTROL OF POPULATION 277

The first example concerns the existence of aberrant sex ratios in the genus Drosophila,
caused by factors inherited in the cytoplasm [9] [£0] or nucleus [11] [12). Disproportionate
segregation should eventually result in the population becoming either all male or all
female; extermination would follow. Of such cases discovered in nature, small micro-
environmental differences [13] or genetic factors working in the opposite direction [12] [14]
tend to keep the sex-ratio factors from obliterating a population. For a population to
survive, and thus for the condition to have been discovered in the first place, the sex-ratio
factors must, of course, be mild and subject to selection pressures.

It is possible that sex-ratio distorters coming by chance into a genotype have been
powerful enough to cause the extinction of a species. When better understood, sex-ratio
distorters could bécome a useful weapon for the control of economically undesirable species.
that could not otherwise be touched.

The second example is that of distortion of segregation, which does not necessarily
involve the production of unequal numbers of gametes deriving from nuclei at the
opposite ends of the spindle (meiotic-drive chromosomes [15]). This provides a mechanism
whereby a few individuals introduced into a population will have their chromosomes pass
into the genetic make-up of the entire population without necessarily harming it. If, on
the other hand, recessive genes for female sterility were on the chromosome exhibiting
meiotic drive, then, as this chromosome sweeps through the population, the homozygous
females would be useless for further propagation, but the males would still be produced
in disproportionate numbers and eventually every female would become sterile. At
present not enough is known about the characteristics of the meiotic-drive chromosomes
to construct them at will, but meiotic-drive phenomena are being investigated vigorously [16].
It is possible that meiotic drive has been a potent evolutionary force [15] which could be
controlled in order to exterminate economically undesirable populations.

VI. Summary

Radiation induces dominant lethal mutations in sperm. It therefore can be shown that
monogamy i$ not requisite for eradicating a population through the introduction of
irradiated males.

An outline is presented for experimental analysis of population collapse by the irradiation-
of-male method where females mate more than once.

Possible effects on populations of release of males containing recessive lethal mutations
or mutations for female sterility are briefly discussed. The possibility of genetic induction
of population extinction is explored.
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The scope of the use of radioisotopes and radiation sources in entomology in Pakistan. In Pakistan,
as in many other countries, there is a growing realization of the benefits which may be derived from
the application of radicisotopes and radiation sources in different branches of agricultare. The com-
plete eradication of the screwworm fly which was estimated to cost the cattle breeders in the United
States of America 20 million dollars each year has definitely given stimulus to the application of
nuclear energy in the field of entomology. In Pakistan work has not, so far, been taken up in this
direction. But it is hoped that with the establishment of two Agricultural Research Centres at Lahore
and Dacca by the middle of next year, the use of radioisotopes in entomological research and the
eradication of insects to protect crops and farm animals will be started. Some of the problems which
deserve the special attention of entomologists in Pakistan are the conditions required for the effective
use of insecticides, and the possibility of using radioactive methods in toxicological studies on
insects and rodents. At present there is a irend in Pakistan as ¢lsewhere to concentrate on the
chemical control of different insects. For this purpose all the newly manufactured non-systemic and
systemic insecticides are being brought into use, The use of radioisotopes can greatly assist in studies
on the mode. of action of all such insecticides, as, for instance, their penetration and decomposition
in different organs and tissues of insects. In addition, sirnilar radioactive techniques may be used to
measure the time lag between the application of a lethal dose of ar insecticide and its effects on
insects and rodents.

The study of migratory habits of insects like Sylepta derogata F., Apis dorsate F. and Apis
indica F. can also be made effectively and efficiently with the help of radioisotopes.

Tt would be of particular interest if radiation sources could be used to control crop borers, fruit-
flies and stored-grain pests.

Perspectives d’emploi des radicisotopes ef des sources de rayonnements en entomologie an Pakistan.
Au Pakistan, comme dans beaucoup d’autres pays, on se rend de mieux n mienx compie des avantages
que I"on peut tirer de emploi des radicisotopes et des sources de rayonnemenis dans divers secteurs
de P"agriculture. L’extermination de la lucilie bouchére, dont les ravages entrainaient pour les éleveurs
américains des pertes annuelles évaluées a 20 millions de dollars, a donné une nette impulsion a
Pemploi de Iénergie atomigue en entomologie. Le Pakistan n'a pas encore entrepris de travaux dans
ce sens. L’auteur espére cependant quaprés la création de deux centres de recherches agricoles 4
Lahore et 4 Dacca, dont I'achévement est préva pour le milieu de I’année prochaine, il sera possible
d’employer les radioisotopes dans les recherches entomologiques et dans la lutte contre les insectes
qui nuisent aux récoltes et au bétail. Parmi les questions qui doévent retenir tout spécialement I"atten-
tion des entomologistes pakistanais, Pauteur signale, d'une part, les conditions nécessaires 4 I'emploi
efficace des insecticides et, d’autre part, la possibilité d’appliquer la radioactivité dans les dtudes
toxicologiques sur les insectes et les rongeurs. A *heure actuelle, on observe au Pakistan, comme dans
de nombreux autres pays, une tendence 4 s’attacher surtout a la lutte contre divers jnsectes par des
moyens chimigues. A cet effet, on a mis en cuvre tous les nouveaux insecticides, systémiques ou
autres. L'emploi des radioisotopes peut grandement faciliter ’étude du mode d’action des divers
insecticides, notamment de leur pénétration et de leur décomposition dans certains organes et tissus
des insectes. En outre, on peut utiliser des méthodes analogues pour mesurer Ie décalage dans le
temps entre Papplication d’une dose 1étale 4'un insecticide et ses effets sur les insectes et les rongeurs.

On peut également étudier efficacement, 3 I'aide des radioisotopes, les habitudes migratoires
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d'insectes tels que Sylepra derogaia F., Apis dorsata F. et Apis indica F.
Il serait particulitrement intéressant de pouvoir utiliser Ies sources de rayonnements dans fa lutte
contre les artisons des cultures, les mouches A fruits et les calandres du blé en silo,

Macirratsl HCHONBEZOBAHRA PANKOHMOTONOE B PAABANRCHALIX BLTOTHRKOBR B SHTOMOOrHHA B [lakacrane.
B ITakucrade, XaK K BO MHOTHX OPYTHX CTpaHax, pacreT NOHMMAHAE TOTO, Kakwe Oilara MOIYT
OelTh DONYYCHBI B DE3YIILTATE UPHMEHCHWI DATHOW3OTOUNOB H PaJMalMOHHEIN HCTOIHHKOBE B
PAITAYHEEX OTPAC/MX CANTbCKOFO Xo3alicTea. IlONHO® YHAYTOKEHHE MYXU KONBIEEOFO WepBid,
KOTOpas, XaK TOJCUATAHO, eXeromHo o0xomunacs weeoTHoBoaaM CIIHA B 20 mnu. nonn., onpege-
JIEHHO CTHMYITHDPORAIC HCOONL30BARKE anepHOH 3Hepruu g o0NacTd 3uromonorud. o HaCTOAINENO
spevern B ITakucrane paGoTa B ATOM HANPABICHUK €1t He HayHHAnach. OaHaKO OPEATIOIATaETCs,
9TO DOCHES CO3NAHNA ABYX HCCNESOBATENBCKUX CRMBCKOX03ARCTBEHHEIX NEHTPOR B JlaXxope n Jlakke
B CEPEOMEES CISNYIOWEre roja OyHer MONOMeAd HAYANO HCOOML30BAAWIO PAZUOR3OTONOB UK
AHTOMONOTHICCKHX WCCNEAOBAHMYE W YHHYTOXCHHMA HACCKOMEIX C IENBIO 3alOWMTH DNOCEBEOR M
AOMAITHEX KUMBOTHHX. YCROBHS, HeolOxonpmble Ad 3dbeKTHBHOTO MCIONEIOBAHHA CPEACTE
HpOTRE HACCKOMAX, H BOIMONRHOCTL WHCHOABL3OEAHEY PANMOAKTABHLIX METOAO0B B TOKCHEQNOTH-
MECKHX WCCHSHOBAHMAX HACEKOMLIX W IPEIIYHOR #BASIOTCH WacThio OpobneM, xoTopme
ACTYXRABA0T COCIHMAIBROTO BHHMANHA SHTOMONOros 8 ITakucrane. B zacTosmee spema B Iaxa-
CTaHe, KAK H BO MHOIMX APYFHX CTDAHAX, CYIMECTBYET TEHICHHMS COCPEAOTOIHTE YCHIHA Hi
XAMHIECKOM KOHTPONE PasiMIHLIR HACEKOMBIX, C 3TOH Ieibiy NDpHMERSIOTCH BCE BHOBB IIPO-
H3BEIEHNBIE HECHCTEMATHICCKHE H CHCTEMATHIECKAES CPEACTBA IIPOTHB HacekoMbIX, Vcrronsi0Bamme
PASFOH30TONCB MOMET OEA3ATE GONMbIIYI0 HOMOINIE B MCCNCHOBAHMAX XApAakTepa: BoigelicTBasn
BCEX ITHX CPEACTE NPOTHS HACCKOMBIN, HANpHMep, B TOM, Y0 KAcAeTcd HX NPOHHKHOECHHS M
PAIONEHNA B PA3MWYHEIX Oprafax # THKAHAX HaceKOMBIX. Bonee TOro, amanorHdMHBE DaiHo-
AKTHBRHBIE METOAL MOTYT OHITh HCOONMB30OBAHE JUIA H3MEPEHWUS TIPOMEXYTKA BPeMEHR MexIy
BBEINCHHEM JHETANBHOH HO3M CPEeACcTBa NPOTHE HACEKOMOTO H €TO BO3delicTBieM Ha EaceKOMEIX
H TPLI3YHOB.

C noMOUEIC PAagAOH30OTONCE MOXET OBITh NPOBEAEHO MPHCKTHEHOC B NCHCTECHHOE ACCHEN0-
BAHAE MUTPALMOHREIX HHCTHEKTOB TAKHX HACCKOMEIX, Xak Sylepta derogata F., Apis dorsata F. u
Apis indica F.

Ocofrifl AHTEpec DpeAcTARTATA. OB BOIMOKHOCTE MCHONLIOBANMS PAMMAMOHHEIX HCTOUHUKOB
1A KOHTPOASK TOYHIBLIAKOE HOCEBDB, MYX-BPSIHTEICH GDYKTOBLIX NEPEBLEE M BpomUTeRei,
BOJSIOAXCA B 3CPHOXPAHHIHINAX.

Alcance de las aplicaciones entomologicas de los radioisitopos y de las fuentes de radiacion en el
Pakistdan. En el Pakistdn, como en otros muchos paises, se- perciben mejor cada dia fos beneficios
que puede reportar la aplicacién de los radioisotopos y de fuentes de radiacion en distintas ramas de
la agricaltura. La erradicacion completa de fa mosca Callitroga hominivorax, que, segun algunos cil-
culos, causaba anualmente a los ganaderos de los Estados Unidos dafios por valor de 20 miltones de
dotares, ha dado un firme impulso a Ia uiilizacion de 1a energia nuclear en la esfera de k1 entomologia.
En el Pakistin no se ha iniciado hasta ahora trabajo alguno en ese sentido. No obstante, se espera
que, con Ia creacion de dos centros de investigaciones agrondmicas en Lahore y Dacca, prevista para
mediados del afio proxime, comenzari el empleo de los radiois6topos en las investigaciones entomo-
logicas ¥ la erradicacion de insectos con objeto de proteger las cosechas y los animales de granja.
Entre las cuestiones que merecen especial atencidn por parte de los entomdblogos del Pakistdn,
figuran las condiciones necesarias para utilizar con eficacia los insecticidas y la posibilidad de emplear
indicadores radiactivos en los estudios toxicolégicos sobre insectos ¥ roedores. En la actualidad,
tanto en el Pakistin como en otros muchos paises, se tiende a dar preponderancia a la Iucha contra
distintos insectos mediante productos quimicos. Con este objeto se estin aplicando todos los insec-
ticidas de fabricacién reciente, tanto sistémicos como no sistémicos. El empleo de los radioisdtopos
puede facilitar considerablemente los estudios sobre el modo de accion de todos estos insecticidas,
por ejemplo, su penetracidn y descomposicion en distintos organos y tejidos de insectos. Ademas,
pueden utilizarse técnicas similares para medir el intervalo que transcurre entre la aplicacion de
una dosis letal de un insecticida ¥ €l momento en que empieza a ejercer sus efectos sobre los insectos
¥ roedores.



RADIOISOTOPES AND RADIATION IN ENTOMOLOGY IN PAKISTAN 283

También es posible estudiar eficazmente, con ayuda de los radioisdtopos, los habitos migratorios
de insectos tales como la Sylepta derogata F., 1a Apis dorsaia F. y 1a Apis indica F.

Serfa muy interesante poder utilizar fuentes de radiacion para Iuchar contra el barrenillo de Ias
cosechas, ]a mosca de Jos frutales y el gorgojo de los cereales almacenados.

Pakistan is predominantly an agricultural country, and more than 809 of the population
derives its livelihood either directly or indirectly from agriculture. With the rapid increase
in population there is a great need to increase the vield of food crops, and all-round efforts
are being made to increase the food production by adopting modern scientific methods in
agriculture, The most immediate need is to take care of what is already being produced in
the country. According to conservative estimates 10 to 159 of the damage to the agricultural
produce in Pakistan is being caused by insect pests. This loss sometimes goes up to 80%
or even more in areas where the pests appear in epidemic form. Every possible effort is being
made to keep these pests under control by keeping abreast of the. latest control measures
but intensive and continuous research is essential to meet the growing needs of an expanding
agricultural economy. Asin many other countries there is a growing realization in Pakistan
of the benefits which may be derived from the application of radioisotopes and radiation
sources in different branches of agriculture. The tangible results achieved in the United
States of America in completely eradicating pests like the screwworm fly has given a definite
stimudus to the application of nuclear energy in the field of entomology.

In Pakistan no work has, so far, been taken up in this direction but the Pakistan Atomic
Energy Commission is making every effort to encourage the application of atomic science
to agricultural research. The training of a sufficient number of agriculturists in basic isotope
techniques and agricultural isotope experimentation is being arranged in the United States
of America, the United Kingdom and at the CENTOQ Institute of Nuclear Science, Teheran,
(Tran), with a view to enabling them to undertake serious research on problems dealing with
different aspects of agriculture including entomology. In addition, a reactor is being built near
Rawalpindi along with supporting laboratories, and its completion is expected by the end
of next year. It is also hoped that two research centres at Lahore and Dacea will be established
by the middle of next year to facilitate further resezrch work with radioisotopes, The Pakistan
Atomic Energy Comission has further decided to establish a well equipped laboratory
and a gamma-garden at the Punjab Agricultural College, Lyallpur, to initiate the use
of radioisotopes in agricultural research.

Asg far as the subject of entomology is concerned, the application of atomic science is
likely to take two main forms: one using radioisotopes and the radiological technique as
a research tool, the other using radiation techniques for the control of insect pests. At this
stage it is rather difficult to evaluate the economic potentialities for Pakistan of the use of
radioisotopes as a research tool in entomology; judging by the progress achieved in some
countries such research would by very worthwhile.

The problems which deserve to be investigated by entomologists in Pakistan with the
help of radioisotopes include a study of the migratory habits of insects like Sylepta dero-
gata F., Apis dorsata F. and Apis indica F.

Sylepta derogata F. is encountered abundantly in the Daphar forest plantation (Gujrat
district), and is a constant threat to the adjoining cotton crop to which it migrates from the
forest during the rainy season. The population fluctuations and the migration of the pest
from the forest area to the cotton fields and back can be followed more effectively by labelling
the insects with a suitable radioisotope. Migration of Apis dorsata F. from the sub-
mountainous tracts of West Pakistan to the plains during spring and their return in the
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summer, and that of Apis indica F. from high altitudes to lower altitudes during the winter
still remain to be investigated.

At present, there is a trend in Pakistan as in many other couatries to concentrate upon
the chemical control of various insects, and all newly manufactured synthetic and systemic
insecticides are therefore being brought into use. The use of radioisotopes can go a long
way in studying the mode of action of all such insecticides, and their penetration and
decomposition in different insect organs and tissues, etc, Furthermore, the time taken by
the various insecticides after administration of their lethal doses to produce certain effects
on the different systems of insects and rodents can easily be studied with radioisotopes.

On the control side there is great scope for the use of radioisotopes in the sterilization
of stored grain pests. The total annual production of cereals in Pakistan was estimated at
about 13.4 million tons in 1958—59. If, during storage, 59 is consumed by insects it
would entail a wastage of 6700001, amounting to one crore rupees. As such, the problen: is
of great economic importance, and detailed studies are necessary to determine the extent
to which radiation sources might be employed for its solution. It would also be worthwhile
trying to control crop borers and fruit-flies by means of radioisotopes and radiation sources.
For instance, the rice-stem borer (Schoenobius incertellus Wik.) alone. is responsible for
destroying an average of about 0.8 million tons of rice per year in Pakistan and if only this
pest could be eradicated by means of the sterile-male technique it would indeed represent
a great achievement.

Summary and conclusions

There is considerable scope for the application of radioisotopes and radiation sources
in entomological research in Pakistan. Such research should be considered as practical,
and of potential productive interest since it may ultimately contribute towards a saving of
millions of rupees by eradicating certain crop pests from Pakistan. The Pakistan Atomic
Encrgy Commission is fully alive to the situation and is making every effort to ensure the
success of this programme.

DISCUSSION

P. J. Deoras (India): 1 should like to hear participants’ views on the doses necessary for
disinfesting stored products under Indian conditions.

P. B. CornwELL (United Kingdom): Yesterday I mentioned a dose of 16500 rep (i.e.
16000 rad) as being adequate for sterilization of large populations of grain weevils. We have
every reason to believe that this dose will be equally efficient against most other pests
infesting grains, rice and perhaps pulses. We have done a considerable amount of work in
the United Kingdom on the effects of doses up to one million rad on wheat, and there is every
indication that we have a very large safety margin before the onset of adverse effects on
baking and manufacturing properties. I must emphasize, however, that one cannot generalize
about the effects of radiation on food products. Each case must be individually tested.

P. J. DEorAS: Thank you very much for this valuable information. The only thing that
still worries me a little is the adequacy of these doses under our local conditions, where we
normally have no siles and must store grain either in bulk in ordinary godowns or in bags.

P. B. CornwerL: In determining the general applicability of doses we are primarily
concerned with the susceptibility of the insect. It is obviously important to test not only
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laboratory in-bred strains, ideal for research purposes, but also wild strains from storage
in various parts of the world. As I said during previous discussions, we have in fact ex-
perimented with about 40 strains of grain weevil. While there are slight differences in their
susceptibility to the lethal effect of gamma-radiation, we have no indication at the moment
that they differ in their response to sterilization.

R. M. Parer (India): In India much damage and loss are caused by stem borers, for
which no effective method of control has yet been found. I should therefore like to appeal
to radiation and radioisotope research-workers to give some attention to this problem.
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The future of radicisotopes in insect-control investigations im the Philippines. Agriculture is the
major industry in the Philippines, vet the production of the staple food and other basic necessities
is very low, and insufficient to meet the local demand. As a result, the conntry imports annually
millions of pesos’ worth of rice, corn and other agricultural products,

One of the major causes of the low production of agricultural crops in the Philippines is the enor-
mous damage caused by insect pests on both the standing erop and the stored product. Tt is estimated
that about 15 % of the product is ost to insects, which amounted to more than 269372000 pesos for
the six major crops of the country in the 1958—1959 season.

Not a single insect pest affecting Philippine agriculture has been studied thoroughly, The bulk of
investigations on insect pests in this couniry bears on life-history, morphology, host survey, and control,
Controt measures employed at present, particularly the use of chemicals, are based mainly on results
of investigations in foreign countries, which may account for protection being ineffective, so far. Much
essential information regarding pests, particularly their ecology, is needed. The difficulties of
undertaking investigations on ecology of insects in this country, prior to the advent of radicisotopes,
are mainly responsible for the almost complete lack of knowledge in this field.

The use of insecticides in insect control in the Philippines is limited not only by inadequate in-
formation on the bionomics of the pests but also by the toxicity of these chemicals to humans.
Detection and assay of insecticide residues on treated foodstuffs with the use of tagged insecticides
will enable the formulation of effective control measures in order to protect the consumer.

In the light of present knowledge, the use of radiation for the control of insects affecting Philippine
agriculture can be investigated. In the Philippines, shelled corn, clean rice, mango, and other food-
stuffs cannot be stored longer than three months without extensive damage by stored-product insects,
The use of radiation-sterilized males as a possible means of control in this country can also be in-
vesiigated.

Perspectives d’emploi des radioisotopes dans les étodes sar Ia Jutie conire Jes insectes anx Philippines.
L’agriculture est la principale activité des Philippines; cependani, la production des aliments de
premiére nécessité et autres produits de base est trés faible et insuffisante pour satisfaire les besoins
du pays. De ce fait, le pays importe chaque année du riz, du mais et d’autres produits agricoles
pour une valeur de plusieurs millions de pesos.

L’insuffisance de la production aux Philippines est due surtout aux énormes dégats causés aux
récoltes sur pied ou en stlo par les insectes nuisibles. Les pertes correspondantes pour la saison de
1958/59 sont estimées & environ 15%; de.la production, soit plus de 269372000 pesos pour les six
cultures principales du pays.

Aucun des insectes qui nuisent & I"agriculture philippine n’a encore été étudié A fond. La majeure
partic des études que les Philippines ont faites sur ces insectes portent sur leur développement,
leur morphologie, leurs hites et les mesures de lutte. La campagne menée actuellement, notamment
T'emploi de produits chimiques, s'inspire avant tout des ré&sultats d’enquétes faites & I'étranger, ce
qui explique peut-étre pourquoi cette protection est inefficace. On a encore besoin de beaucoup de
renscignements essentiels sur les insectes nuisibles, particulitrement sur leur écologie. Ce sont
principalement les diffieultés auxquelles se heurtaient les étaudes sur I'écologie des insectes aux
Philippines, avant I'invention des radioisotopes, qui expliquent "absence presque compléte de données
dans ce domaine.

Si 'on n'emploie les insecticides que dans une mesuare limitée aux Philippines, ¢’est non seulement
en raison de l'insuffisance de renseignements sur la bionomie des insectes, mais aussi parce que ces
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produits sont toxiques pour les éres humains. Gréce 4 I'emploi d’insecticides marqués, Ja détection
et le dosage des résidus d’insecticides sur les aliments traités permettront d’exercer un contréle efficace
en vue de protéger le consommateur,

A 1a lumigre des connaissances actuclles, il est possible d’envisager 'emploi des rayonnements dans
la lutte contre les insectes qui nuisent 4 Pagriculture aux Philippines. Dans ce pays, on ne peut
emmagasiner du mais égrené, du riz décortiqué, des mangues ou d'autres produits alimentaires
pendant plus de 3 mois sans risquer que ces produits ne soient trés endommagés par les parasites.
Dans cet ordre d’idées, on peut également envisager d'utiliser des males stérilisés par irradiation
pour combattre la prolifération des insectes aux Philippines.

BymEymee PR AORIOTONOB B RCCACADERHAAX N0 Sophle ¢ CommCKOXOIKHCTBEARLIME BRSTHTE/ISME Ba
Ormmmmax, Centckoe X03aicTeo HA PUIHMINMHAX ABEACTCH BeAYNIeH oTpacnbio, HO FPOH3IBOICTRO
TH4BHEIX LPOAYKTOB THTAHAA K OCHOBHBIX IPEAMETOB OepBoil HeoOXONMMOCTH HAXOAUTCA HA
OueHh HU3KOM YPOBHE ¥ HE YOOBIETBOPEET B AOCTATOTHOM KONWHECTBE MECTHRIX Hyxx. B
PE3YABTATE FTOTO CTPAHA CKETOOHC PACKOAYET MM/UTHOHEL IECO K4 BEO3 PHCA, 3epHA H APYTHX
CENBLCKOXO3AACTBCHHBIX OPOINYKTOB.

Opuoil M3 OCHOBHLIX NPHYHMH DONYICHUH HUIKOTO YPOXRAA CEMbCKOXOIMNCTBEHHBIX TPOAYKIOB
Ha OUNMINMHEAX SBIACTCH HAHECEHWe OTPOMHOrO BPEAA CEeNBCEOXO3AHCTBCHHMMM BPEeIHTC/ILMKE
KAK DacTeHHAM HA KOPHIO, TAK M COGpAHHOMY ypokaro. IIoncyMTaAs, YTO 38 CENBbCKOXO3aHCTECHHEIH
cezon 1958-—59 Topa norepaHo ypoxkasn oxono 15%, u3-3a ppenATenel, HIUTMIHE KOTOPHIX NPEBLICHIIC
P 269, 372, 000 o OICCTH OCHOBHRIM CGNbOKOXO3SHCTBEHHEIM KYILTYDAM.

HH OIMH U3 CENbCKOXO3AHCTREHHEIX BpeauTereli Ba Drmwmmnax He OB DOCTATOYHO M3YYEH.
HanGomsuas 4acTs ACCSHOBPaHnit B OfIACTH CE/IbCKOXO3ANCTBCHHEIX BpeoRT2ek B sroé cTpase
TIPOBOANTCA 1O OHOKOMOTHH, MODPHONOrHH, HCCIEOOBAMMIC pacTeduil, H1 KOTODHX JKHBYT
DApASHTHPYIOMIME OPraHMH3MBL, 4 TaKke 00 MmepaM Oope0el. Meomonniyemile Mepn GOpsbm, B
0cOBERHOCTH ¢ OPMMEHEHHEM XAMHEATOE, OCHOBAHEI INIABHHM 00Pa30M HA PEIYILETATAX ACCIeno-
BAHMH B APYTHX CTPAHAX; JTH XWMHUKATH, BOIMOKHO, HE TPEACTABMEOT coboil apdexTmHOR
sanuTeL. ‘TpebyroTce GoMee CYILECTBEHHBIE JAHHBIC OTHOCHTE/RHO BPEAHTENCH, B OCOBEHHOCTH
0o skonorad. TpyAHOCTH NPOBSKERRST HCCNGHOBAHMI IO 2KONOrHA BpeguTened Ha Qmpmmmmax
[0 BBEIEHHS PAZMOMIOTONOB ODBACHAIOTCH B OCHOBHOM HOYTH HOMHEIM OTCYTCTRAEM Jmanuil
B 3T0# obnacra.

Hemomssosaine HHCEXTHIMAOR Wi Gops6H ¢ BpemuTersMy Ha DHIHIIHAHAX OrPAHHICHC HE
TONEKO W3-33 HEZOCTATOYHAIX CBGICHHN OTHOCHTENLHO JKONOTHHM BpeOguTened, HO TAKkKe H3-33
TOKCHYECKOTO BO3ACHCTBHA STHX XMMHKATOB Ha Yenoscri, OnpefencAve H onpodoBaHie OCTATROB
MHCEKTHIHOOB HAa oOpafOTAHNEIX NHINEBRIX HPOJAYKTAX IpPH MOMOINH AHCEKTHIHMAOR IACT BO3-
MOEHOCTE chOpMynmpoBaTh ek TRRREEE Mepsl [0 3aIHTe HOTPeOATEN 3THX OPOAYKTOB.

HCOoNE30BAHAE DAAMANEH ITO 60phbe ¢ BPeaNTENAME, OOPAXKAIMHA ypoxal Ba $unmmmmrax,
MORHO HCCIEN0BATSL M IPH CYMECTAYIommX 3aaHuax. Ha OWmnnmeax Hexbist XPAHHTH HA CRIANAX
HEOYHIIEHAOS 3EPHO, OTHILCHHEI PUC, MAHYO H JPYTHE MPOOYKTEL Boxee Tpex Mecauges fes rToro,
wroBb STH NPOAYETM B 3HAYHTENRHON CTEleHR He NONIEDINIACE YHWITOKERHIO amMOapHEIMY
BpequrenaMn, Ha OuAMNTHHAX B KA9eCTBe BOIMOXHEIX CPeficTR GOPLOEI MOXAO HOCNEAOBATH
ofinyyense My®RcKax ocobeit BpeanTenel Ha OpenMer HX CTCPHIH3AIMM.

Porvenir de los radioisdtopos ea las investigaciones sobre Iz hucha contra los insectos realizadas en
las Filipinas. Si bien la agricultura constituye la base de la economia filipina, la produccién de ali-
mentos ¥ otros articulos de primera necesidad es muy escasa y no alcanza a satisfacer la demanda
nacional. Como consecuencia de este hecho, el pais debe importar anualmente arroz, trige ¥ otros
productos agricolas por valor de varios millones de pesos filipinos.

El bajo rendimiento de los caltivos en las Filipinas se debe ante todo a los enormes dafios causados
por las plagas de insectos en las cosechas, tanto en €l campo como almacenadas. Se estima que las
pérdidas ocasionadas por los insectos en el curso de la ternporada 1958—1959 se elevaron a cerca del
15%, o sea, a mas de 269 372 000 pesos para los seis cultivos principales del pals.

Atin no se ha estudiado a fondo ninguno de los insectos que afectan a la agricultura de las Filipinas.
La mayor parte de las investigaciones realizadas en este pais sobre los insectos dafiinos han versado
sobre su evolucién v morfologiz, asi como sobre Ias plantas huéspedes y los métodos de lucha mas



RADIDISOTOPES IN INSECT-CONTROL IN THE PHILIFPINES 289

adecuados. Los procedimientos empleados en la actualidad para combatir los insectos, especialmente
los que utilizan productos quimicos, estin basados ante todo en los resultados de las investigaciones
efectuadas en otros paises, 1o cual puede ser la causa de que las medidas de proteccidn hayan resultado
tan ineficaces hasta ahora. Es preciso obtener ntuchos datoes esenciales sobre los pardsitos y especial-
mente sobre su ecologia. Las dificultades con que tropezaban las investigaciones sobre la ecologia de
los insectos en este pais, anies de descubrirse los radioisOtopos, explican la falta casi absoluta de
conocimientos en esta esfera.

El emplec de insecticidas en las campafias de lucha conira los insectos realizadas en las Filipinas
se ve restringido no sdlo por la insuficiencia de informaciones sobre la bionomia de Ios insectos, sino
también por la toxicidad que esos productos quimicos presentan para los seres humanos. La deteccion
y andlisis, con ayuda de insecticidas marcados, de los residuos de insecticidas en los productos
alimenticios tratados permitird elaborar procedimientos eficaces de lacha contra los insectos, con
obijeto de proteger al consumidor,

Partiendo de los conocimientos que se poseen en la actualidad, es posible estudiar el empleo de
las radiaciones en la lucha conira los insectos v sus consecuencias en la agricuftura de Ias Filipinas.
En este pais ¥a no es posible almacenar durante mds de tres meses mafz desgranado, arroz pulido,
garbanzos ¥ otros articulos alimenticios sin correr el riesgo de que las plagas agricolas dafien seriamen-
te los productos almacenados. También se puede investigar la posibilidad de utilizar machos esterili-
zados por irradiacién como posible medio de lucha contra 1a proliferacion de los insectos.

Introduction

The economy of the Philippines is mainly geared to the agriculture of the country. The
Government as well as the people are largely dependent upon agricultural parsuits for their
support. Of the total area of the Philippines under cultivation (7003600 hectares), about
809 is devoted to the production of the staple crops and the major export products, namely,
rice, corn, coco-nut, sugar cane, abaca, and tobacco, [1] [2], (Table I). The remaining 209,
is planted to fruit trees, root crops, vegetables, ramie and other fibre plants, and other
minopr crops.

The production of the basic agricultural necessities of the people is very low and
insufficient to meet the local demand. As a result, the country imports annually millions
of pesos’ worth of rice and corn, the staple food of the people, to ward off starvation,
Other agricultural products, such as onion, potato, garlic, tobacco, fruits, etc., which could
also be produced commercially in this country are also imported in large quantities.

One of the important causes of the low production of crops in the Philippines is the
damage inflicted on these crops by insect pests. A conservative estimate of the annual
damage to crops by insect pests is about 15%,. Many of these insects are so destructive that
they constituie a constant threat to production. The more important insect pests of the
major and some of the minor crops and the extent of the damage they cause will be reviewed
below to allow a better appreciation of the need for effective control measures so as to prevent
or at least reduce to the minimum their ravages, and thereby increase production.

Rice

Rice 1s the most important crop of the country. It is the staple food of over three-quarters
of the population. The Philippines, however, is among the countries with the lowest yield,
producing an average of only about 27.5 cavans of palay per hectare, compared to 32 for
Thailand, 61 for Taiwan, 36 for Java, and 120 for Italy {1]. Because of this low production,

the country imports millions of pesos’ worth of rice annually. In 1957, the total rice-import
amounted to 120834 t (metric) or 2 157 750 cavans of clean rice [2].
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The low production of rice is attributed partly to ravages caused by insect pests, the most
destructive being the stem borers of which there are four species; the oriental migratory
locust, Locusia migratoria manilensis (Meyen); the rice armyworm, Spodoptera mawritia
(Bois); and the rice bug, Leptocorisa acuta (Thunb.). Two species of leafhoppers, Nephotettix
apicalis (Motsch.) and N. bipunctatus (Fabr.), and about half a dozen other specics at times
cause serious injury to the rice plant but are ordinarily minor pests. The migratory locust
is only a threat to crops in arcas near its permanent breeding ground and within range of
the migrating adults, On the basis of the latest available statistics (Table T), a conservative
estimate of the damage by insects to the 1958—1959 rice crop amounted to about 650205
t (metric) of palay, valued at 124479741 pesos. Various estimates, some as high as 309 or
more, have been reported particularly during serious outbreaks of these insects. For the
last three vears the situation has become aggravated by outbreaks of rats in some sections
of the country, particularly in Mindanao, which consume whatever is left by the insects.

TamE I

AREA PLANTED, PRODUCTION, VALUE OF PRODUCE, AND ESTIMATED LOSS DUE
TO INSECTS, CORRESPONDING TO THE 1958—1959 CROP SEASON OF THE MAJOR
AND FOOD CROPS

Area Production Valus Loss due to insects
Crep (hectares) (metric tons) (pesos) {metric tons) (pesos)
Rice 2970770 36845031 705385200 650205 124479741
Corn 1335860 10159112 132516300 179278 23385229
Coco-nut 1006100 11219933 255382500 197998 45066852
Sugar Cane 252160 18067774 344851100 318843 60856076
Abaca 192540 111453 39435600 12383 4381766
Tobacco 50990 517195 63482200 9127 11202741
Fruitsé 366330 672575 96160600 118690 16969518
Root Crops$ 291700 1292000 80384600 228000 14185518
Vepetablest 175660 231300 63016200 40818 11120506
1 Palay 4 Centrifugal and raw sugar

2 Shefled corn
3 Copra and desiccated coco-nut

5 Virginia and native tobacco
6 Based on the 1957 figures

Stemn borers are perenmnial pests of rice in the Philippines. Four species are known to
infest the crap in this country, namely, Schoenobius incertulas (Walker), Chilo suppressalis
(Walker), Sesamia inferens (Walker), and Scirpophaga innotata (Walker). The first two
species are those most commonly encountered in the field, and the most destructive. It is
difficult to give an accurate estimate of the damage caused by these insects because of the
growth characteristics of the rice plant and the nature of the injury caused by the insects.
When rice plants are infested, the affected tillers are killed and replaced by new ones. This
sets back and impairs the development of the plant considerably. Repeated attacks by
various generations of insects, therefore, will have a telling effect on the yield. Late infes-
tations, particularly those occuring immediately before the bolting stage are rendered visible
by the appearance of “white heads” or empty panicles. This damage represents only part
of the total injury to the plants. Very often the *‘white head™ is used as the sole basis for
estimating damage caused by rice stem-borers.
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Present knowledge about the rice stem-borers in the Philippines is very limited. With the
exception of a few published studies [4] [7] [18] [19] [23], and the incidental inclusion in
reports of fragmentary data or references to these insects, no thorough study has been
published. Basic knowledge of the ecology of these pests is badly needed for a better under-
standing of the seasonal abundance, population trends, dispersion, migration, feeding,
mating and oviposition habits, and the number of broods and generations per year. A
thorough understanding of the nutritional requirements of the insects may shed light on
the cause of varietal susceptibility of rice to the different species of stemn borers. It is hoped
that radioisotopes will contribute a great deal in the solution of these problems.

Milted rice is susceptible to stored-grain insects, particularly to the rice weevil, Sitophilus
oryza {L.) and the rice moth, Corcyra cephalonica (Staint.). However, the damage caused
by these insects is greatly minimized by storing uncleaned rice or palay, and milling it only
as the demand warrants.

Com

Corn is the staple food of about 219, of the population. It grows in all regions of the
archipelago. The most destructive pests of this crop are the corn borer, Pyrausta salentialis
(Sn.) and the corn earworm, Heliothis armigera (Hubner) [25] [26]. The corn borer is the
more destructive of the two species. During heavy infestations, as much as 50 % of the crop
‘is destroyed. In some localities complete destruction of the crop has been reported during
seasons of extremely severe infestation. At other times, almost complete absence of the
insect has been noted. The biology of the ¢orn borer has been studied by BuLican [3].
The corn earworm has been reported more numerous on the dry-season crop than on the
wel-season in some sections of the couatry. This could be due, at least in part, to the crop
coinciding with the growing season of the other major hosts of this pest, such as tomato,
cabbage, eggplant, cotton, and other crops.

The enormous damage caused by these insects on corn every year deserves careful con-
sideration. No extensive ecological investigation has been conducted in this country on
these Insects. Investigations to determine the causes of population fluctuations, extent of
dispersion and migration, and other factors affecting the insects will greatly conftribute
to the formulation of effective control measures against these insects. Radiotracers will be
invaluable in such investigations. Studies on the effects of irradiation on the reproduction
of the species may throw light on the possible use of radivisotopes in the biological control
of these and other species of insect pests.

One of the major factors responsible for the wide fluctuation in the price of shelled corn
in the Philippines is the susceptibility of the grain to the ravages of insects, so that the produce
could not be stored for any length of time without extensive damage to the grain. According
to LaBapaN and VIADo [6], a conservative estimate of at least 5% of the grain is lost to
insects in three months of storage. After six months, the shelled corn lost about 17 wt, %,
as a result of insect damage, and 759 of the remaining grains were already damaged.
The most destructive of these species are the rice weevil, Sitophilus oryza (1..), the lesser
grain borer, Rhizopertha dominica (F.), and the rice moth, Corcyra cephalonica (Staint.).
Viapo and LaBapan [24] investigated the use of DDT-treated containers for the control of
storage insects of corn. The use of irradiation for the control of these pests and the appli-
cation of radiotracers in studies of their bionomics will open a new field of research on
the control of these destructive pests,
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Coco-nut

For many years the coco-nut has been the principal dollar-earning crop of the country.
In recent years, this crop has been threatened by the coco-nut cadang-cadang, a yellowing
disease which has been killing many thousands of trees in the Bicol area during the last few
years. The disease appears to be spreading to other localities. Its cause is still unknown but
a possibly viral origin or malnutrition have been suggested, There appears to be more sup-
port for the viral nature of the disease. Studies on the physiology and nutrition of the coco-
nut with the use of tracer atoms may eventually lead to correct diagnosis and control of the
disease. If it is caused by a virus, it may be transmitted to healthy trees by vectors which are,
most likely, insects or other arthropods. Transmission studies with suspected vectors will
be facilitated with the use of radiotracers.

The black or rhinoceros beetle, Oryctes rhinoceros (L.), and the Asiatic palm weevil,
Rbynchophorus ferrugineus (Olivier) are very destructive to coco-nut in some sections of the
country. Trees attacked by the Asiatic palm weevil seldom recover. The coco-nut leaf miner,
Promecotheca cumingii (Baly) and the Florida red scale, Chrysomphalus aonidum (Linn.),
which are ordinarily minor pests of the coco-nut, at times become major pests. UicHanco
[10] [13] {14], and Viapo and Bicornia [21] conducted studies on coco-nut insécts.
Investigations on the ecology of these insects may contribute immensely to the formulation
of measures for their control.

Copra constitutes the bulk of the coco-nut export of the Philippines. The market for this
product abroad has been threatened by the copra beetle, Necrobia rufipes (De G.). The
declining reputation of Philippine copra on the world market as reflected in the low grade
of copra exported during the past few years has been blamed on this destructive pest. This
insect seems to prefer copra with a high moisture content, characteristic of copra obtained
from insufficien'ly mature nuts and/or copra which has not been thoroughly dried. Very little is
known about the bionomics of this insect particularly with regard toits flight range, dispersion,
migration, seasonal abundance, etc. Other copra pests which at times become numerous and
destructive, and deserve study are Dermestes sp., Ephestia cautelia (Wk.), Oryzacphilus
surinamensis (Linn.), and Tribolium castaneum (Herbst.).

Sugar cane

Sugar is one of the principal ¢xports, and a major dollar-earner for the country. The
sugar industry is the most highly developed of the agricultural industries of the Philippines.
It is, however, faced with perennial insect problems which hold no promise of an early
solution. The more important of these insect problems are the gray borer, Argyroploce
schistaceana (Snellen), which bores into and kills the young shoots of the plant; the leaf-
hopper, Perkinsiella vastatrix (Breddin}, which is a vector of the sugar-cane mosaic; the white
grubs, which feed on the underground portions of the plant, of which Leacopholis irrorata
(Chevr.), and Lepidiota bianchardi (Dalla Torre) are the most important; and a score of
other insects. UrzINo [15], Uicranco {117 [12], and Viano [16] conducted studies on major
sugar-cane insects. It is estimated that these insects cause the industry an anmual loss of
millions of pesos. Radioisotopes will play a major role in the ecological studies of these
insects.

Abaca

The abaca industry is one of the four major dollar-earning industries of the country,
1t is, however, declining rapidly. The most destructive disease of the abaca plant and the
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factor responsible for the rapid decline of the industry after the last war, is the abaca mosaic.
It is the consensus of opinion among abaca planters that, unless something is done, the
disease will ruin the industry completely, This disease is transmitted from diseased to healthy
abaca plants by such insect vectors as Aphis gossypii (Glover), Rhopalosiphum nymphaeae
(Linn.), R. prunifoliae (Fitch), and Proutista moeesta (Westwood). Another species of aphid,
Aphis maidis (Fitch) transmits corn mosaic to abaca. Kent [3] reviewed the investigations on
this disease in the Philippines. There are other insects which affect the abaca but their
injury to the plant is relatively small, Studies on the feeding and other habits of these vectors
will be facilitated with the use of radiotracers, thereby making possible the formulation of
mere effective control measures.

Tobacco

Tobacco is one of the major dollar-carning crops in the Philippines and a major source
of revenue for the government. In 1956 alone the government collected 105151 513.68 pesos in
the form of specific taxes from locally produced tobacco and its products. The production
of native varieties for cigar and Virginia varieties for cigarette manufacture is low, con-
sidering the large amount of cigarette and leaf tobacco imports into the country.

The low production of this crop and the poor quality of the product is attributed in part
to the damage caused by several species of insects, the tobacco budworm, Heliothis armigera
(Hubnen), the semi-looper, Plusia chaleytes (Esper), and the cutworm Prodernia litura (Fabr.),
all of which are leaf feeders, being the most destructive. Viapo et al. [29] investigated the control
of these insects with organic insecticides. These insects constitute a limiting factor in the
culture of wrapper tobacco. At times, the stem borer Grorimoschema heliopa (Low) and
Phaneroptera furcifera (Stal) cause damage of serious proportions. Stored tobacco leaves
and manufactured prodocts are damaged and rendered unmarketable by the cigarette
beetle, Lasioderma serricorne (Fabr.).

With the use of radioisotopes, present knowledge of the bionomics of these insects,
particularly those of ecology, will be considerably enriched, thereby contributing to the
specdy solution of the problem of controlling these pests. Radioisotopes will also allow
investigations to be made on the use of irradiation for the control of the cigarette beetle
and other tobacco insects.

Other crops

Banana, mango, pincapple, jackfruit, citrus, lanzon, and papaya are the commercially
grown fruits of the country. The most widely grown fruit which is still without any insect
pest of economic importance, is the banana. The twig borers, Niphonoclea albata (Newm.)
and N. capite (Pascoe) and the mango hopper, Idiccerus clypealis (Lethiery) are the mango
insect-pests of econemic importance. White grubs, particularly those of Lencopholis irrorata
(Chev.), Lepidiota blanchardi (Burm.), and Holotrichia spp. are the most destructive insect
pests of pineapple in the Philippines. The damage caused by these soil-inhabiting insects is
detected late, at a stage when the affected plants can usually no longer be saved. The worst
insect enemy of the jackfruit is the frit fly, Dacus umbrosus (Fabr.). Citrus has two common
destructive insects, the rind borer, Prays sp. and the green bug, Rhynchocoris longirostris
(Stal.). San Juan [8] and Viapo et al. [28] conducted studies on the rind borer. Two species
of bark torers, Prasinoxena sp. and Cossus sp. are very detructive to lanzon [20]. The
formeer is the more common, hence the more destructive of the two species. Many trees are
killed during heavy infestation. Papaya is grown both for vegetable and for table fruit. It
has no insect pest of economic importance.
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Sweet potato, cassava, and gabi are the most important root crops in the Philippines.
They are used to supplement rice and corn in places where production of the staple
crops is low or limited by environmental factors.

The most destructive insect of sweet potato in this country is the sweet-potato weevil,
Cylas formicarius (Fabr.). During heavy infestation, as much as 75 to 100% of the harvest
is infested. Infested roots are unsuitable for human consumption or animal feed. Not much
is known about this most destructive pest of sweet potato or its control. The cassava has
no known pest of economic importance in this couniry,

Tomato, mango, eggplant, beans, cabbage, Irish potato, onions, pechay and gourds
{squash, upo, ampalaya) are the common vegetables grown in the Philippines. Each of
these crops has its insect pests, Of the polyphagous species infesting most of these crops, the
cutworm, Prodenia litura (Fabr.), and the tomato worm, Heliothis armigera (Hbn.) are the
most destructive and most common. Viapo [17] and Viapo and Estioko [22] conducted
investigations on insects infesting tomato and eggplants. The most destructive pest of cabbage
and pechay at high elevations is the imported cabbage worm, Pieris canidia (Sparrman) [25].
This species is confined only to the higher altitudes (Mountain Province). On the lowland
the most destructive pests of these two crops is the cabbage moth, Crocidolomia binotalis
(Zeller). Prodenia litura (Fabr.) and Heliothis armigera (Hbn.) are also important pests of
these crops in the lowlands.

The most destructive insects of beans, peas, and mango in addition to P. lifwra and
H. armigera, are various species of bugs, which feed on the young pods and shoots. The
dried seeds in storage are very susceptible to the ravages of the bean weevil, Bruchus chinensis
(Linn.). The onion thrips, Thrips tabaci (Lind.} is the most destructive insect of onicn in the
Philippines. Young plants when severely affected fail to reach maturity. Late crops are most
badly affected by this insect.

Gourds (squash, upo and ampalaya) are subject to the depredations of the fruit-fly Dacus
cucurbitae (Coq.), the most economically important insect pest of these crops. During severe
infestations, an entire crop may be wiped out.

Insect pesis have been causing tremendous losses to crops since the advent of Philippine
agriculture. The progress of our knowledge on the effective control of these pests is limited
by inadequate information on their bionomics. Conventional methods used in the study
of the bionomics of insect pests are not only tedious but also give unreliable results, so
that other methods must be sought. With the advent of radioisotopes, many investigations
which might only be undertaken with extreme difficulty or not at all by conventional
methods, could be pursued with relative ease by means of these new research-tcols.

One of the principal drawbacks in the use of insecticides for the control of insect pests
on food crops is the fact that insecticides are toxic not only to insects but also to humans.
The amount of toxic residues present on the edible portions of those food crops treated
with insecticides to control insects is a hazard to health. Investigations using insecticides
tagged or labelled with radioisotopes will make possible the formulation of schedules of
insecticide application which will avoid the accumulation of toxic amounts of the poison on
the crop at harvest, whilst at the same time ensuring effective control of the pests.

The discovery of the use of irradiation for the control of insect pests opens a new field
of investigation. Sublethal doses of irradiation which render insects sterile have found
successful application in the control of the screwworm in the United States.

It is hoped that with the use of radioisotopes a better understanding of these pests in the
Philippines will be reached so that more effective control-measures may be formulated.
Radioisotopes will open a new horizon for entomological research in the Philippines.
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DISCUSSION

P. J. Deoras (India): This interesting enumeration of the various types of damage done
to different crops in the Philippines suggests the question whether any work is being done
anywhere on the use of isotopes for estimating and analysing damage cansed by insects and
rodents to growing crops or to stored products,

J. DE WiLDE (Netherlands): At the Plant Breeding Institute of the German Democratic
Republic’s Academy of Agricultural Sciences, ¥ have seen a very interesting arrangement
using a Co0 source to measure crop density, crop growth and loss by defoliators. The source
was placed in the centre of a circular experimental ficld, and counter tubes were arranged
so that they could be moved along the periphery, For cases where one wants to keep the
living plant in sirw and still make measurements, this seems a very interesting idea.

A. R. GoraL-AYENGAR (India): T think it is well to bear in mind that radioisotopes are
not a universal panacea. Where a better method of doing a job exists, that method should
be used, and the temptation to bring in isotopes at all costs resisted.

Tee CHAIRMAN (K. K. Nair, India): I think Dr. Gopal-Ayengar’s remark is most apposite.






TRAVAUX DE RECHERCHES UTILISANT LES ISO-
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LES PAYS ASSOCIES

P. PessoN
INSTITUT NATIONAL AGRONOMIQUE, PARIS
FRANCE

Abstract — Résumé — Ammoramps — Resumen

Applied entomology research using isotopes and nuclear radiations in France and the associated
countries. The paper is in two parts. The first part deals with work done or being done in Upper Volta,
on the Ivory Coast, at Buares-sur-Yvette (S. et Q.) and at Bondy, using radioisotopes for labelling
sand-flies, anis Apis mellifica and Aphis leguminosae and secondly, with research projects in tropical
regions, in tropical Africa and in France in connection with the labelling of Perkinsiella, Tricho-
gramma, Locusta migratoria and certain mosquitoes or their predators.

The second part is concerned with research on the sterilization of insects (Apis mellifica, Ephestia
kithniella, Calandra gremaria, C. oryzae, Trogoderma, Acanmthoscelldes obtectus, Rhizophertha,
Gnathocerus, Tenebrio and Sitotroga cereglella) and the cytological effects of ionizing radiations on
the gonads of Calandra granaria.

Travaux de recherches utilisant les isofopes et les rayonnements nucléaires en entomeologie appliquée
en France et dans les pays associés. Dans une premiére partie, 'anteur passe en revue les travaux,
effectués ou en cours en Haute-Volta, en Cote-d’Ivoire, & Bures-sur-Yvette (5. & 0.) et 2 Bondy,
qui utilisent des radioisotopes pour le marquage de simulies, de fourmis, &’ Apis mellifica et d"Aphis
leguminosae, ainsi que les projets de recherches en régions tropicales, Afrique tropicale et en
France pour le marquage de Perkinsiella, de trichogrammes, de Locusta migratoria et de certains
moustiques ou de leurs prédateurs.

Dans Ia seconde partie, il mentionne les études poursuivies sur la stérilisation des insectes (Apis
mellifica, Ephestia kithniells, Calandra granaria, C. oryzae, Trogoderma, Acanthoscelides obtectus,
Rhizopertha, Gnathocerus, Tenebrio et Sitotroga cerealelld) et Taction cytologique des radiations
ionisantes sur les gonades de Calendra granaria.

IThay secaeaoBATEILCKKX PAGOT ¢ NOMONEIC KIOTONOB H SACPHONO ALIYICHEE, KOTODhIE MOTYT
GLiTe Hpopencl B oBJIACTH NPEXAAHOE IETOMOMONME Bo DPANIFE R B CTPAEAX HPARENYICKOTO
coolimectpa. JOKIAN COCTOHT M3 ABYX pasacnos. B paigene A omickBalores paboTst, NPOBSICHHEIS
HIH mpopogmmnecs B Bepxweit Bonsre, Bepere Crnonoso#t xocts, B Brop-ciop-Heerr (pemapra-
MerT Cena B ¥aza) n p Boras ¢ noMonmo paa#on3I0oTONCE WA MEUSHHA COOTBETCTECHHO MOILEK,
MYpABEEB, ODLIKHOBEHHMX MeNOHOCHBX [muen (Apis mellificd) n Tnelt (Aphis Leguminosae), a Takxe
HCCEAORATENECKEE  HPOCKTH B TPOIMYCCKEX palionax, Tpommdeckol Adpuxe u no Ppaslmu ana
meuenns Perkinsiella, tpuxorpamM, asmatcxolf capamsm (Locusia migratoria) B HEEOTOPRIX
KOMADPOB HIM MxX Hcerpebureneif.

B pasmene B OMHcHBAIOTCA ACCIEAOBATENBCKAE PAGOTHE N0 CTEPHIH3ALME BacekomMblX {06nKHO-
BEHHEIE MEIOROCHBIE TN, Ephestia kilkniella, ambapHble JONTOHOCHKH, PHIQBHE NOTCHOCHKH,
Trogoderma, Acanthoscelides obtectus, Rhizopertha, Grathocerus, XpyIRaku M 38pHOBas MOB),
a TAKKE MCCNeOOBATENECKHE PA0OTH 110 IMTOMOTUMECKOMY NCHCTBHIO KOHW3IHDYIOWEH DAXAAINH
HAa FOHAAH! aMGapHOTO AMNIICHOCHRE.

Plan de las investigaciones de entomologia aplicada, basadas en el empleo de los isbtopos y las
radiaciones nucleares, susceplibles de emprenderse en Francia ¥ en los paises asociados. El presente
trabajo se divide en dos partes. La seccidén A se refiere en primer término a los trabajos terminados
o en curso de ejecucion en el Alto Volta, sobre la Costa del Marfil, en Bures sobre el Yvette (Departa-
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mento de Seine et Oise) ¥ en Bondy, en los que se utilizan radioisOtopos para marcar insectos tales
como 1a mosca negra (Simulies), hormigas, Apis meliifica y Aphis leguminosae, Tespectivamente, vy,
en segundo término, a proyectos de investigacion en regiones tropicales, en el Africa Tropical ¥ en
Francia, basados en la marcacion de los insectos Perkinsiella, Trichogramma, Locusta migratoria y
de clertos mosquitos o de sus entomofagos.

La seccion B irata de estudios relacionados con la esterilizacion de insectos (Apis mellifica, Ephestia
kiihniella, Calandra granaria, C. oryzae, Trogoderma, Acanthoscelides obtecius, Rhizoperiha, Gnatho-
cerus, Tenebrio y Sitoiroga cerealella) y de estudios sobre los efectos citoldgicos de las radiaciones
ionizantes sobre las gbnadas de la Calandra granaria.

El autor cita los nombres de los investigadores ¥ las publicaciones correspondientes a cada grupo.

Utilisation des isotopes
TRAVAUX EFFECTUES OU EN COURS
Haute-Volta

Utilisation du phosphore~-32 pour le marquage de simulies (diptéres nématocéres),
vecteur en Afrique tropicale de filarioses {(onchocercose). Lichers expérimentaux d'insectes,
en vue de contrdler leur zone de dispersion.

Dans le cadre de I'Office de 1a recherche scientifique ¢t technique d’outre-mer (ORSTOM),
Section d’entomologie médicale: Centre Muraz (Bobodioulasso). Chercheur: M. Mortrenil.

Cote=d’ Ivoire

Utilisation du phosphore-32 pour le marquage de fourmis qui, en Afrique tropicale,
interviennent pour la protection et la diffusion de cochenilles (Pseudococcus brevipes),
vecteur d’une maladie 4 virus de I'ananas (Wilt de ’ananas). Recherches entreprises en
Cote-d'Ivoire en vue de préciser la zone d'activité des fourmis de diverses espéces, et leur
zone de dispersion & partir de la fourmiliére.

Dans le cadre de 'ORSTOM. Centres de I'Institut d’études et de recherches tropicales
(IDERT) (Adiopodoumé) et de 'IFAC (station de I’Anguedou). Chercheurs: M. Mortreuil,
Mille Brader.

Bures-sur-Yvette (Seine-et-Oise)

Utilisation de ’or-198 pour le marquage d’abeilles domestiques (Apis mellifira) en vue
de préciser les conditions de pollinisation et de la rumination sociale.

Dans Ie cadre de I'Institut national de la recherche agronomique (INRA) ¢t du Commis-
sariat 4 1’énergie atomique (CEA): Centre de recherches apicoles de Bures-sur-Yvette.
Chercheurs: MM. Lecomte et Courtois. Publication: €. R. Acad. Sci. (Paris) 247 (1938)
147—9.

Bondy (Seine)

Utilisation du phosphore-32 pour le marquage de pucerons (Apkis leguminosae), vecteurs
en Afrique tropicale d’une maladie 4 virus de Parachide (rosette de I'arachide). Essais
préliminaires dans un laboratoire métropolitain (afin de préciser les doses utilisables,
durées, rémanence). Dans le cadre de PORSTOM: Institut d'études et de recherches
tropicales (IDERT). Chercheurs: MM. Mortreuil et Réal (entomologiste).
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PrOJETS DE RECHERCHES
Madagascor

Dans le cadre de 'ORSTOM et de 'IRAM (Institut de recherches agronomiques tropicales
de Madagascar).

4) Utilisation d’isotopes pour le marquage de Perkinsiella (homoptéres), insecte vecteur
d’une maladie & virus de la canne & sucre (maladie de Fidji). Recherches en vue de préciser
les conditions de dispersion du vecteur, et les modalités de I'infection. Recherches
biologiques préalables en cours. Ce probléme peut intéresser Flle Maurice, Ja Réunion,
Chercheur: M, Sigwalt.

b) Utilisation disotopes pour le marquage de trichogrammes (hyménoptéres), parasite
des ceufs d’un papilion dont la chenille est mineuse de la canne 4 sucre (Borer de la canne
4 sucre). Recherches en vue de préciser les conditions de dispersion et de survie des
hyménoptéres auxiliaires utilisés industricllement dans la lutte biologique contre le
borer. Recherches biologiques en cours et trés avancées. Chercheurs entomologistes:
MM. Caresche, Breniére, Ravelojoana.

¢) Utilisation d'isotopes pour le marquage d’acridiens migrateurs (Locusta migratoria)
dans la zone des aires grégarigénes du sud de Madagascar. Recherches en vie de préciser,
en dehors des périodes de pullulation, le comportement et la diffusion des larves et
adultes de la forme solitaire. Marquage des adultes avant la ponte en vue d’observer
la diffusion des Iarves et des adultes de la génération qui en découle. Centre de recherches
anti-acridien de Betioky-Sud. Chercheur entomologiste: M. Tétefort.

Afrigque tropicale

Problémes non suffisamment précisés, mais pouvant éire envisagés.

Etudes concernant Ia biologie de certains moustiques ou de leurs prédateurs.

Etudes concéernant la biologie des insectes supposés vecteurs d'une maladie a virus du
cocotier au Togo (maladie 4 Kaincopé).

Etudes concernant la biologie de fourmis Magnans.

Etudes concernant 1a biologie de certains insectes dans le cadre de recherche écologique
de la vofite forestiére.

France

Ftudes concernant le marquage du puceron (spécialement Myzodes persicae), vecteurs de
viroses de la pomme de terre. Recherches biologiques récentes sur ce probléme. Dans le
cadre de 'INRA. Entomologiste: M. Cairaschi.

Stérilisation des insectes

&) FEtudes de doses stérilisantes sur Apis mellifica (Abeille domestique). Dans le cadre
de I'INRA (laboratoire de recherches agricoles de Bures-sur-Yvette), Chercheurs: MM. Cour-
tois et Lecomte. Publications: Rapport CEA n® 1377, (1959) 285—290.

) Etudes sur les doses stérilisantes 3 ’égard d” insectes des denrées (Teigne de la farine
(Ephestia kiikniella)y, Calandra granaria et C. oryzae, Trogoderma, Bruche du haricot
(Acanthoscelides obtectus), Rhyzopertha, Gnathocerus, Tenebrio, Sitotroga cercaleila).
Recherches en vue de préciser les doses minima utiles pour assurer la protection des
denrées stockées. Dans le cadre INA (Paris) et Conservatome (Lyon). Chercheurs:
MM. Pesson, Vidal et Brunelet.
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¢) Etudes sur Paction cytologique des radiations ionisantes sur les gonades de Calandra
granaria. Dans le cadre INA (laboratoire de zoologie, Paris). Chercheurs: MM. Pesson
et Vernier,

DISCUSSION

W. KLoFr (Federal Republic of Germany): I should like to add that Mme Alibert-
Berthot is carrying out radioisotope studies on the biology of various termites in the
laboratory of Professor Grassé in Paris. Mme Alibert-Berthot began her studies in our
laboratory at Wiirzburg and is now continuing them in Paris.

P. PiLEGRIN (France), who presented the paper: Thank you for this addition to our list.



CONCLUDING DISCUSSION
Cuamman: J, HaLeperstADT (JAEA, Scientific Secretary)

The CHATRMAN: Ladies and gentlemen, we have come to the end of our work here. But
before we close the proceedings 1 should like to ask some of the participants to summarize
the salient points of the week’s activities, I will first call on Dr, Winteringham to give a brief
résumé of what we have been discussing in the fields of insect physiology and biochemistry
and resistance problems.

F. P. W. WiNTERINGHAM (United Kingdom): We have heard about two distinct types
of application of radioactive Isotopes at this most interesting Symposium. One type comprises
the more direct apphlication to problems of control, as in ecological studies, and the other the
more fundamental applications at laboratorylevel to problems of research, and it is not possible
in a few words to do justice to the great effort which has obviously been made by several of
the individual speakers, I will, therefore, just attempt to catalogue some of the salient points.

We heard from J, E. Casida how OP-compounds labelled with P32 and other isotopes
were being used very effectively for studying metabolism in plants. B. W. Arthur similarly
discussed and reviewed the use of labelled OP-compounds, particularly Dipterex, for studying
their metabolism in insects, and in both cases this work has led to some important conclu-
sions about the persistence and effective toxicity of these substances when used in the feld.
D. F. Heath described some pretiminary work with Cl36-labelled insecticides of the Dieldrin
type. and showed how this technique was being used effectively for studying the all-important
problems of mammalian toxicology. T. L. Hopkins discussed briefly the significance of the
metabolism of the insecticide Dipterex in resistant and susceptible strains, and how such
studies are giving us important information on the mechanisms of resistance—in
many cases an essential step in the development of effective counter-measures. I explained
the technique developed by my colleagues, particularly in England, known as the labelled
pool technique, by which effects of poisons, and possibly ecological factors, can be studied
on the insect by labelling the insect and its various metabolic pools. J. E. Treherne explamed
how radioactive isotopes are being used for studying the central nervous system in the insect,
which we know to be so important in the action of many insecticides. R. G. Bridges explained
how P32 was used in studying lipid metabolism, a comparatively new field in insect bio-
chemistry, and mentioned briefly some results which may prove to be highly relevant to the
problems of resistance. Next we had, also under the same heading, a paper by H, Huque
on the persistence of P32 in cockroaches representing a very important series of measure-
ments, for if we are going to use P32 for studying the behaviour of these insects we mmst
kenow how pérsistent the label itself is going to be. Then W. Kloft described how important
it is to consider the various geometrical and physical factors in interpreting the relation
between the amount of radioactive isotope present in an insect and the actual response one
gets on the detector. I think many of us were particularly pleased to hear this, because too
often it is assumed that a particular radioactive isotope administered to an insect will give the.
same sort of response irrespective of the various physical conditions involved — and nothing
could be further from the truth. C. J, Banks gave us an extremely interesting account of his
field-work in studying the behaviour of aphids, their food intake, excretion and s0 on, and
lastly, a similar paper was given by W. Kloft on the uptake of phloem sap by aphidsin the
field and in the laboratory.

I think we were all very sorry that our friends from Japan, T.Fukuda and C.Tomizawa,
were absent and, also, that the paper by Karlson and his colleagues could not be presented at
the Symposium. Nevertheless, I think that as far as biochemistry and physiology are concerned,
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we have had convincing evidence of how effectively radioisotopes can be used, especially at
the research level. However, I would be the last to say — and I think we have heard several
speakers express the same sentiment — that they are a universal panacea in the research
laboratory. They are not. These tools are most effectively used in conjunction with other
methods. Even since radioisotopes have been introduced — and they have sometimes been
used, say, for solving particular analytical problems — other methods have been evolved
which do not call for the use of radioisotopes, but which are even more effective. 1 can think
of one illustration. For some time we in England used the method of labelled pools for
determining relative concentrations of ATP in insects. Two of my younger colleagues are
now using the firefly enzyme lysepherine-lysepherase complex for determining ATP with,
I should say, many times the sensitivity of the radioactive-tracer technique. We must
recognize this sort of development.

Well, Mr. Chairman and ladies and gentlemen, at all events I feel that this has been a
very instructive Symposium, and as far as insect biochemistry is concerned, I consider it has
been a very representative one.

The CHAIRMAN: Thank you very much, Dr. Winteringham. 1 am particularly happy that
you mentioned the potentialities of other techniques as I consider it to be one of the purposes
of this type of meeting to compare the merits of the various techniques available.

May I now ask Dr. Cornwell to summarize the situation as far as disinfestation of stored
products is concerned.

P. B. CorNwELL (United Kingdom): The actual number of papers on radiation dis-
infestation has been comparatively small, but indirectly, through the discussions, we have
received ample evidence of the need for improving our present methods of controlling
insects in stored commoditiecs. We have heard from J. A. Qayyum, G. B. Viado and
P. J. Deoras of losses in various parts of the world, We have been given an insight into. the
nature and operation of radiation disinfestation plants that may soon be available,
L. E. Brownell, in particular, giving us a detailed account of ideas on this subject in the
United States, and we have had contributions on radiation susceptibility studies from
K. X. Nair and from myself, The Symposium has done much to indicate what can and what
cannot. be done in the field of radiation disinfestation; we have come to recognize that
radiation disinfestation is an claborately conceived technique which requires the concurrence
of various favourable factors for it to be applied in practice. Instead of becoming infected
with excessive enthusiasm and optimism regarding the future of radiation disinfestation,
T believe that we should take the view that, for the moment at least, we are likely to achieve
better control measures by concentrating on more efficient application of conventional
insecticides and on improving storage facilitics for our commodities in varipus parts of the
world. Where large losses to commodities occur, it is often the problem of reinfestation
which is of vital importance and here, as we well know, radiation offers no solution, whereas
insecticides giving residual protection are available. This, of course, is not to say that we
should run to the opposite extreme and allow our research to become infused with a spirit
of pessimism. The study of radiation disinfestation is a comparatively new subject. At this
stage our attitude should be one of sound realism, bearing in mind that irradiation may
have its place as an adjunct to existing control measurements but niot as a replacement for
them. We are all aware of the need for improved methods, and one of the things the Sym-
posium has indicated is that there are in different parts of the world a number of people
very interested in the subject who will actively pursue their investigations on it. The fact that
we have now met and know one another will be a powerful stimulus to such work. 1 would
perhaps point out here that we may have the possibility of combining a number of the
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techniques which we have been discussing: disinfestation with the principle of sterile-male
release with a view to preventing reinfestation, and the possibility of tracer techniques to deter-
mine the distribution of sterile insects in relation to the probability of insects with residual
fertility mating and thus bringing about reinfestation.

We realise also that, when radiation disinfestation is applied commercially we shall be
treating commodities which will pass from one part of the world to another in internationat
trade. The problem will therefore arise of international clearance of irradiated foods for
human consumption, and it is, I think, the duty of international organizations such as OEEC,
FAQ and the TAEA to lend their aid in this respect.

In conclusion, then, I feel that this has been a very successful Symposium and one from
which participants have derived the maximum benefit. This happy result is due in large
measure to the excellence of the organization for the meeting.

The CHAIRMAN: Thank you, Dr. Cornwell, May I also ask you, Dr. Jenkins, to summarize for
us your impressions of the meeting, especially in the fields of particular interest to yourself.

D. W. Jenkins (United States of America): A few years ago, when residual insecticides
were introduced we thought that we had gained the upper hand in the struggle against
insects; however, species at first susceptible to given insecticides developed resistance, new
species replaced others that had been effectively controlled, and the present situation seems
to be that all our moves are met by countermoves on the part of the insects.

The field of ecology is an enormously wide one, and an enormous number of studies are
required. 1 do not think that there is, as yet, sufficient general recognition of the fact that,
in these ecological studies, extremely thorough basic researchis required before it is possible to
carry out field-work effectively and accurately. F. P.W. Winteringham has stressed theneed for
basic research in his own field, and I would emphasize the importance of this in ecology alsc.

We have heard, during the Symposium, of the value of radioisotopes in connection with
insecticides; of particular further interest were the contributions dealing with the new
“self-eradication™ approach, making insects act against themselves. The paper introduced
by D. E. Weidhaas on the use of the sterile-male technique in the United States concerned
a successfully completed project, thus positively proving the efficacy of this method. 1 believe
that in the firture we shall hear a great deal about the other four “self-eradication™ methods,
genetics and so on, to which reference has been made. I would enter a very strong plea that
before these are actually applied on a large scale, ecological studies be carried out in some
detail ; otherwise we shall have a repetition of what has occurred in the case of parasites and
predators, when release of the latter has been followed by nil results, beceause we do not
know enough about either the parasites and predators or the host insect to be controlled.

We heard very briefly about the subject of genetics. This is one which is going to be
extremely important, and radiation will be of great value here. I am indeed very sorry that
A. A, Buzzati-Traverso and R. C. von Borstel were not able to attend because the subject
of dominant lethals and related topics is one which I feel has a great potential, and 1 know
that very stimulating discussions would have taken place had they been here.

We did not take np certain very interesting items such as the possibility of increasing
the resistance to cold of insects for release, thus rendering them better capable of competing
with the insects to be controlled. Another aspect which deserves more attention, as
P. B. Cornwell has just saggested, is the possibility of combining a number of techniques
such as insecticide control to reduce the population to a low level and the sterile-male
technique or genetic factors to eliminate the residue.

Finally, we have heard some extremely interesting reports by 8. V. Andreev of work
being done in the USSR,
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I feel that one of the most successful features of the meeting has been the opportunity it
has afforded specialists from all over the world to meet one another personally, and to
assist one another’s work by the direct exchange of ideas. | am convinced that this contact,
now established, will bear even richer fruit in the future, and the International Atomic
Energy Agency has rendered us all a great service in sponsoring the meeting.

In conclusion, as the last among the visitors to speak, I should like to express my own
appreciation, and that of the other participants, of the excellent facilities, the hospitality
and the co-operation which have been offered to us by everyone here in India.

A. R. GoraL-AYENGAR (India): Mr. Chairman, ladies and gentlemen: T should just like
to say how much I, as representing the host Government, have enjoyed participating in this
Symposium and how effectively, 1 feel, the diverse aspects of radiation and radioisotopes
in relation to entomology have been brought into relief by all the participants. From among
those manifold aspects I will single out only one: 1 was very pleased to hear P, B, Cornwell
stressing the need to take into account a wide variety of factors before we can make any
aitempt to solve the disinfestation problem or indeed many of the other entomological
problems that are confronting us. I am reminded in this connection of the solution facetiously
proposed by Sir William Bragg, many years ago now, for the problem of whether the nature
of light should be considered in terms of waves or in terms of corpuscles; if 1 remember
aright, he suggested that we should follow the wave theory on Mondays, Wednesdays and
Fridays and the corpuscular theory on Tuesdays, Thursdays and Saturdays. Although
meant as a joke, this was rather wise counsel I think, and one which we may follow to some
exfent by synthesizing and integrating various approaches to the problems of entomology.

On behalf of the Government of India and the Indian Atomic Energy Commission I should
like to express our deep gratitude and thanks to the International Atomic Energy Agency
and to the participants who came from far and near to make this Symposium such an
outstanding success.

K. K. Nar (India): On behalf of the Atomic Energy Establishment, Trombay, I should
like to thank the International Atomic Energy Agency for having held the Symposium in
Bombay, and, in particular, to-express our gratitude to J. Halberstadt, our Scientific
Secretary, for his untiring labours before and during the proceedings. To us in this country,
the Symposium has given an excellent opportunity of coming into closer contact with eminent
scientists from various parts of the world, and of discussing our problems with them. We
are all agreed, 1 am sure, that the Symposium has done much to define and clarify the
potentialities of radioisotopes and radiation in entomology.

The CHaIRMAN: Before closing the meeting I should like to thank the Government of
India and the Indian Atomic Energy Commission for their kind invitation to hold the
Symposium in India and for everything they have done for us. Qur thanks are due in the
first place to Dr. Bhabha as Chairran of the Commission; to A, R. Gopal-Ayengar, for the
great interest he has shown in the meeting, and to Mr. Gulrajani to whom we owe the smooth
organization which has been such a help to us. In this I include, of course, Mr. Gulrajani’s
entire staff, and those who volunteered their assistance in some capacity. We are grateful
to the participants for the papers they have contributed and for their active participation
in the discussions, and to all Chairmen of sessions for their work as discussion leaders. The
discussions were, I think, extremely stimulating. I hope that in perhaps th:e: or four years’
time we may be able to meet again to discuss what has been achieved in the meantime,
achieved perhaps through studies prompted by our exchanges here this week, and to talk
over the fresh problems that will have arisen in the interval.

I thank you one and all, and I now declare the meeting closed.
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