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INTRODUCTION.

Under favourable conditions, fumigation is one of the most success-
ful chemical methods for controlling insects in stored foodstuffs in ware-
houses, flour mills and holds of ships etc., provided such places can be
sealed to prevent pas leakage. The fumigant selected must be able to .
penetrate adequately into piles of goods, cracks in buildings and other
hidden spaces which may harbour the pests without significantly damagiqg the
commodities. .

Fumigants have been used against a wide variety of pest species
and against all stages of insects. The toxicity of a fumigant to a partic-
ular stage of a given insect species is different for different individuals
of a population whilst there is usually a difference also which varies with
the age of each individual within the stage.

The occurrence of individual variation presents the possibility
that specially resistant strains may be selected by repeated treatment of
survivors but although such selection has been effected in the laboratory it
has not yet taken place in practical control.

Although the differential levels of different stages of many
insects to various fumigants have often been determined, comparatively little
is known about the degree of variation of susceptibility in different ages
of a single stage, such as the egg stage, which is very often the most -
susceptible or the most resistant stage in the life cycle.

Several workers have attempted to show that insect eggs of various
ages show different patterns of susceptibility.

The object of the present study is to find out the degree of
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variation in susceptibility to fumigants of insect eggs of different ages,
and to relate such variations with developmental changes.

It is hoped that such a study may be useful, in a few cases, as a
guide in practical treatments but, more particularly, that it may elucidate
the mode of action of fumigants on insect eggs.

The toxicity of hydrogen cyanide to eggs of the flour beetle,

Tribolium confusum Duval, was chosen for the first tests because the order

of the relative susceptibility of different stages of T.confusum Duv, to
hydrogen cyanide was egh, larva, adult and pupa, and the difference in
susceptibility at different ages was found to be that young eggs of
T.confusum were more susceptible to hydrogen cyanide than older eggs (Gough
1939).

The second investigation was concerned with determining the felat—

ive susceptibility of desert locust eggs Schistocerca gregaria (Forsk8]) of

different ages to hydrogen cyanide.

Hydrogen cyanide is convenient for this work because it can readily
be determined on a micro-scale (Lubatti 1935) and is of special intereét
because its action in inhibiting respiration in insects is well established
(Bond 1959).

An attempt was made to correlate differences in the toxicity of a
fumigant to eggs of variable ages with embryonic development. This attempt
was not successful owing to lack of time and to technical difficulties,

The available literature concerned with the present study has been

reviewed,



REVIEW OF LITERATURE

Some work has been carried out on the toxicity of fumigants to the
insect eghs, to indicate that the susceptibility or the resistance of an
insect egg to a toxic material may vary with the age of the egg in many
different species of insects, The following is a brief account of the
previous work. I shall exclude any survey of the very extensive work on the

effect of any other insecticide than fumigants on insect eggs.

The effect of fumigants on insect eggs.

Gough (1939) studied the relative resistance of different stages of

Tribolium confusum and found that the 0-2L hour-old eggs were more susceptible

to hydrogen cyanide than 3-4 day-old eggs at 27°C. and 60% Relative Humidity
for 1} hours treatment.

On the other hand the same author found that the susceptibility of
the eggs of the bed-bug to sulphur dioxide decreases with age, the L.D,50
for eggs O-48 hours old being 17 mg./litre and for eggs 8-9 days old 9 mg./
litre, when fumigated for 2} hours at 23°C.

Gunderson and Strand (1939) determined the effect of hydrogen
cyanide, ethylene oxide and chloropicrin to 2 day-old eggs, 2nd and 3rq

instar nymphs and adults of various ages of the bed-bug, Cimex lectularius.

Various concentrations were used for 5 hours at 25°C. The results sh@wed
that the eggs were more susceptible to hydrogen cyanide and ethylene oxide
than the nymphs and adults, but were more resistant to chloropicrin.

Sun (1947) studied the effect of stage as a factor affecting the

results of fumigation and found that the susceptibility of Tribolium confusum
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eggs to carbon disulphide increased consistently with age from 1 to 7 days,
thus the L,D.50 for 1 day-old eggs is 220 mg./litre, for 5 day-old eggs liémg.
/litre and for the 7 day-old group 95 mg./litre. These experiments were
performed at 2500. for 5 hours exposure and the results clearly show a
decline 1in resistance with age.

Stone (1946) found that & day-old eggs of Pediculus humanus were

more susceptible to methyl bromide than those which were 2, 3, 4 or 5 days
old.

Balock (1951) has tested the effect of 53 fumigants or mixtures of
fumigants for their toxicity to the naked eggs and third instar larvae.of

the oriental fruit fly Dacus ferrugineus dorsalis Hend. He found that

methyl bromide and hydrogen cyanide were more toxic to the larvae than to
the eggs, and that a mixture of methyl bromide, ethylene dichloride and
carbon tetrachloride was more toxic to the eggs than to the larwae. Some
compbunds were extremely toxic to both stages. In most instances older eggs
were more resistant to fumigation than younger ones. With hydrogen cyanide
the L.D.50 for egge 0.5 to 2 hours old was 3.5 mg./litre and for eggs 23 to
26 hours old 10 mg./litre. The figures for methyl bromide were 5.7 and 15mg.
/litre respectively.

Bletchly (1953) reported that complete mortality of eggs of the

common furniture beetle, Anobium punctatum, resulted from exposure to

hydrogen cyanide at & concentration of 4.25 mg./litre at 25°C. and 70%
Relative Humidity.
Richards (1945) found that the vapour of mercury was very toxic to

eggs of Sitophilus granarium when these were exposed to an atmosphere satur-
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ated with mercury vapour. It was found that the eggs which have undergone
some development become more susceptible and the vapour has in part a
delaying action on embryonic development.

This work was repeated when Blackith (1953) investigated the effect
of mercury vapour as a fumigant to the eggs of S.granarium with particular
reference to the difference in the level of resistance of different strains.
The median lethal doses for eggs laid by 6 wild populations ranged froa
55 mg.hr./cubic metre to less than 1.0 mg.hr./cubic metre. The egq stage
of a particular strain which had been reared in the laboratory developed
resistance which appeared to be associated with reduced chorion permeability
rather than enhanced metabolic activity.

H.Shepard (1932) reported that the eggs of Tribolium spp. in which
embryonic development is rather advanced (5 days old) are more easily killed
by chloropicrin than those only one day old.

Sylvester (1958) studied the effect of age on the resistance of

Tribolium confusum to ethylene dichloride. Eight groups of known age were

fumigated at 25°C. and 70% Relative Humidity, end at 2 concentration of

100 mg./litre and exposures varving from 27 mins. to 39 hours. The résults
showed that resistance to fumigation increases from a low level to a

maximum at 3 - 4 days, after which it decreases sharply.

The same author determined the toxicity of ethylene dibromide to
eight groups of known age, to within 24 hours. It was found that resistance
to the fumigant reaches a peak at 1 - 2 days of age after which it decreases
sharply as the incubation period progresses.

Krohne (1958) found, in experiments in which batches of eggs of
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Sitophilus oryzae were fumigated at different rates for 2 hours at 25°C,,

that the resulting L.D.95's showed that the eggs appeared to be relatively
susceptible to acrylonitrile, ethylene dibromide and hydrogen cyanide, quite
resistant to carbon bisulphide and to a lesser degree to methyl bromide,
Ethylene dichloride was much less effective than the other fumigants and its
L.D.95's were not reached in these experiments hut must have exceedad 270mg.
per litre for ail stages. The =ge of the eggs used was plus or minus l%
days old.

Benschoter (1960) found that the naked 1 day old eggs of Anastropha
budens (Loew) fumigated for 2 hours with ethylene chlorobromide (l-bromo-2-
chloroethane) at a dose of (0.25 - 3.0) at a temperatuie of 37.5 and in air
of uncontrolled humidity less susceptible to an increcse of dose than the!
other stages.

Loschiovo (1960) found that 1 day old eggs of the flour beetle

Tribolium confusum hatched normelly after fumigation with ethylene dibromide

at 0.5 mg, per litre for 5 hours at 27°C. and 704 Relative Humidity. At a
dose of 1.0 mg. per litre the percentage hatch was reduced to 44. The
emergent larvae developed normally whilst at both doses the 4 day old eggs
failed to hatch,

Bond (1961) studied the toxicity of various fumigants to the cadelle

Tenebroides mauritanicus and found that when eggs of different ages were

exposed for 5 hours at 25°C, and 70% Relative Humidity to methyl bromide the
oldest eggs were found to be the most resistant requiring treatment at 7 mg./
litre for a complete kill., The younger eggs were the less resistant with a

minimum of 4 mg. per litre at 4 - 5 days, whilst treatment at 6 mg. per litre
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was required to give a complete kill of eggs which were 3 days old.
Some previous workers have found that the egg stage is the most
resistant whilst others have fecund it to be the most susceptible phase 6f the

life cycle: Shepard (1938) found that Tribolium confusum eggs are considerably

less resistant to methyl bromide than adults, the L.D.50 at 25°C. and 5 hours
exposure being 5.3 to 5.9 mg. per litre,

The effects of Relative Humidity on the toxicity of fumigants to insecteggs

and other stages of inseccts.

As regards the effect of humidity on the susceptibility of insect
eggs, no general statement can ke made since a2 considerable variation in the
relative humidity during fumigation may have a large or small effect upon the
toxicity according to the species being treated. Some workers have found
that different developmental stages respond differently to variations in
Relative Humidity during fumigation.

Lindgren and Shepard (1932), fumigeted 2 day old eggs and adults of

Tribolium confusum with ethylene oxide, carbeon disulphide and chloropicrin in

moist air, 50 - 70% Relative Humidity &znd in dry air for 5 hours exposuie at
25°C.  The results showed that in moist air ethylene oxide was more effective
against the eggs, and the toxicity of 2ll three fumigants to eggs was increased
whereas their toxicity to adults was not affected by these humidity changes.

On the other hand dry air conditions reduce materially the effect
of chloropicrin and carbon disulphide on eggs. However, moisture apparently
does not affect the toxicity of ethylene oxide to the eyggs of the flour beetle.

Sylvester (1959) fumigated groups of Tribolium confusum eggs of

different ages with ethylene dichloride at a concentration of 100 mg./litre



8.

at times ranging from 27 mins. to 39 hours at 25°C., and 40% and 70% relative
humidity. It wes found that the relative humidity had no significant effect
uponvthe toxicity of the fumigant.

Lindgren (1935) found that under conditions of low humidity in the

developmental stages of Tribolium confusum, the order of susceptibility to

carbon disulphide was larva € adult ¢ pupa ¥ egg, and the order of resistance
under conditions of high humidity was pupa » egg » adult > larva.

Sun (1947) found that eggs of Tribolium confusum were more suscept-

ible when exposed to carbon disulphide at high and low humidities (100 and
'15% relative humidity) and that they were more resistent ot intermediate
humicities (30 and 90% relative humidity).

Some evidence is put forward to show that when poisons are applied
to insect eggs, changes in susceptibility are related to embrycnic development,
metebolic rate end physiological znd biochemicel chenges that occur during
the incubation period.

Very little is known of the mcde of action of particuler poisons.
The Agriculture Resesrch Council unit at Cambridoe, under the lesdership of
Professor Wigglesworth, has investigcted some deteils of structure and function
of insect eyy shell which wes found to be very complex comprising as mzny as
eignt chemically different layers (see Fig.l).

Studies of the e¢gy shell of Rhodnius spp., Heteroptera, nroved that
the chorion consists of seven layers of different chemical compositions.
Inside the cherion there is & thin paraffinic wex layer vhich has water

proofing properties. The chsrion is quite resistsnt to chemical attack snd
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Fig.l. An enlarged section of an insect egg, with its cap (used for
emergence) displaced.

a. respiratory openings; b. respiratory sponge; c. outer opening of
"micropyle; d. inner opening of micropyle; e. waterproofing wax layer;

f. lipoprotein main barrier of the shell; g. lipoprotein main barrier
of the cap.

(After Beament)

VR —
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is itself permeable to water and also to most gases. Beament (1949) stated
that "It must be one of the most efficicnt poison barriers which nature has
ever contrived.”

The wax layer is a barrier to the inward passage of water-soluble
poisons., Fertilization takes place in the overy and through the micropyle
which is open at both ends so as to allow the sperm to pass. It is of
interest to describe the respiratory system of the insect egg through which
the poiscn ges will penetrate,

As far as is known the rate of ingress of oxygen is regulated to
meet the requirements of the developing embryo. The respiratory pores in
the chorion lead into & minutely fine "spocnge" layer (Fig.l), which encloses
the egg immediately inside the wax layer, and oxygen cen diffuse throughout
the sponge and across the whole area of the wax.

Corrosive poisons, such 2s formic acid, also penetrate slowly
through unspecialised parts including the egg cep. Through the micropyle
a wide range of materials can penetrate and it is by this route that most of
the commonly used poisons travel. Such poisons as penetrate through the
chorion itself, and the wax layer, msy become inactiveted in the endochorion,
the chemical-composition cf which differs from that of the layers outside it.

Llterations in structure occur during embryonic development.
Mukerjea (1953), "Beament studied the properties and permeability of sub-

chorial membranes during the development 5f Rhodnius prelixus St81. He

used eggs 1 - 4 days, 5 - 7 days, 6 - 12 days and 13, 14 and 15 days old and
found that when first formed the fertilisation membrane of the egg is semi-

permeable to salts and larger water-solukle particles; it is more permeable
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to lipophilic liquids but not to larger oil-soluble molecules. During the
first five to six days of incubation the epembryonic membrazne, lying outside
the normal living structure derived from the embryo, is added to the
fertilisation membrane.

The epembryonic ring and membrane constitute considerable barriers
to the penetration of both lipophilic and hydrcphilic substances. During
the sixth and seventh days of incubation, a secondary wex layer is produced
on the inside of the epembryonic membrane which further reduces the perm-
eability to nil, and the embrvo continues to develop until the twelfth day.
Blastokinesis takes place and the embryo grows rapidly until it occupies the
whole shell. On the 13th day the embryo apparently begins to prepare for
emergence by partially dissolving the epembryonic membrane and on the day
before the egg hatches, the embryonic material is completely surrounded by
a clear fluid which contains the waxy material derived from the secondary
wax layer. At this stage changes in permeability of the epembryonic
membrane start again and from this point until eclosion, the egg becomes
readily permeable."

Some evidence points to the fect that eggs are easiest to kill when
they are less than 1 day old. The reason being that such an egg has only
its shell and a thin layer of wax as protection, the specialised inner
membrznes not having developed. Yhen the wax layer is laid down it is
visible in certain eggs as a colouration.

...The resistance of the eyg to meny water-soluble poisons often rises
sharply until the middle period of developmsnt and this rise may be attribut-

ed to increasing impermeability provided by the wex layer. 1In the later
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stages of development the rate of breathing is reduced and this reduction
may be accompanied by a reduction in penetration of fumigants.

Prior to hetching some of the membranes bresk down, and the young
larva assists in their dissolution by cutting through them with its mandibles.
When most of the subchorizl membranes have been absorbed water scluble
poisons in solution can readily penetrate to the larva.

All these statements are generzlisations.

Finally I append Beament's statement on this topic: "such remains
to be discovered about the variety of eggs, even of the economicelly
important insect alone, but these basic principles will certainly serve as

a guide to future work."
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EXPERIMENTAL METHODS.

The materials used are given below, Special care was taken to
maintain & high standard of cleanliness espetially in the apparatus used
for micro-determination of hydrogen cyanide.

Temperature and humidity control.

A constant temperature of 25°C., f 0.5°C. was maintained in a small
incubator and controlled thermostaticezlly.

A relative humidity of 70 per cent. wes controlled by solutions
in desiccators which were checked frequently by colorimetric estimation by
means of c¢obalt thiocyenate papers. These papers were exposed for one hour
and their colour matched with coloured glass standards (Solomon 1957) and
with papers suspended in air of known humidity in equilikrium with solutions
of sulphuric acid of appropriate specific gravity Solomon (1951).

Viater in pyrex dishes inside the incubstor mzintained the atmospher-
ic humidity zbout the level of 70% relative humidity with an accuracy of
about ¥ 10% es & rough estimation,zs chgcked with ¢ conductivity hygrometer
element, and an Edney paper hygrometer.

The temperature variation and humidity fluctuation in the desiccat-
ors were negligible.

A1l the experiments were performed at a temperature of 25°C, and a
relative humidity of 70 per cent. (unless otherwise stated).

The eggs.
During the course of this work the eggs of the fcllowing species

of insects have been used:
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Coleoptera
Tenebrionideae

Tribolium confusum Duval.

Arthopters
fLcrididae

Schistocerca gregeria Forsk®1

Rearing and feeding method.

The confused flour beetle Tribolium confusum Duval was chosen for

this test because it is one of the most szrious pests on wholemeal flour and
similar foodstuffs. The pre-adult steges of development lzst only 6 - 7
weeks at 25°C., and the eggs can easily be nbtoined by sieving them from the
flour on vhich it feeds.

The culture of this insect will now be briefly described:

The original cultures were obtzined from the Silwood insectary
stock. The food was wholemeal flour, the temperature 25°C,, and the humidity
70% R.H. The fully grown larvae weré sieved out and when the pupae formed
they were inspected daily to determine the exact age of newly emerged adults.
This procedure permitted the provision fcr the fumigation experiments of
adults of accurately known age. Mnst of the experiments were donz with
eggs derived from adults 3 - 4 weeks old but preliminary observations were
made on the resistance to hydrogen cyanide of eggs derived from adults which'
were 2 - 3 months old. The sex of this insect can be determined during the
pupal stage and checked in the adults (Hinton 1942),

It was found very easy to sort the sexes either by gently squeezing

the end of the abdomen with @ pair of forceps and examining thc extruded
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genitalia under a binocular microscope or even with the naked eye, or by
examining the elytral declivity of the adult (Hope 1953).
The food.

The standard flour used was ¢ fine vhezt feed obteined by grinding
the wheat grain twice and sieving with 2 sieve of 60 meshes to the inch,
The flour was first sterilized in an oven at 90°C, for 1 hour and was then
conditioned to the requisite moisturc content by exposing it in a thin layer
on shallow trays for 4 weeks in desiccators contzining potassium hydroxide
solutions giving the desired relative humidity of 25°C. The stock of flour
was kept in a large glass jar and covered with muslin to prevent reinfest-
ation.

Technigue of obtaining and handling eggs.

The following technique was employed to obtain the egg stage at
a known age:

About 200 adults (3 - 4 weeks o0ld), a number which maintains the
sex ratio at the standard level, 1 : 1, were placed on standard flour in a
4 inch diameter crystallizing dish one third full and kept in & dessiceator.
Eygs obtained from the a2dults after 6 = 9 hours were segregated from the
adults, with the minimum of disturbance, by removing the latter pieces »f
filter paper to which they readily cling. The flour can then be sieved
through a sieve of 60 meshes to the inch which retains the eggs.

Another method of securing eygs free from flour, with the minimum
of disturbance was tried without success. Adults which had started to lay

eggs in flour were separated from it and pleced in a sieve of 60 meshes to the

inch standing on a filter paper cnvered with a layer of flour and resting on
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another sieve which itsclf fitted into the pan of the set, the upper sicve
being covered with the lid. The apparatus, complete, was kept at 25°C., and
70% relative humidity for 3 days before examination. No egygs were laid during
this period although laying recommenced on replacing the adults directly in 2
layer of flour. Evidently any clfactery stimulus which may be provided by
flour does not, by itself, induce laying.

Batches of 20 eggs were selected at random from the sieve with a
wetted fine squirrel hair krush, size Nn.3, and placed in z plastic petri dish
on block filter paper for ease in counting and observing hatching. Within
each petri dish was a rubber cup containing potassium hydroxide snlution in
equilibrium with 702 relztive humidity.

The adults were replaced in the flour which was changed once every
day, new cultures being set up every 6 weeks.

The eggs were laid leosely in the flour. Their colour was white
and owing tc their inconspicucus appearance end their being covered with
flour adhering tu a sticky secretion, they are difficult to distinguish from
the flour in which they are depcsited.

The characteristic shape is broadly oval and the size is smell, the
eggs ranging in length from 0.57 to 0.75 mm. (see Fig..). At a relative
humidity of 70% and a temperature of 25°C., the duration of the egg staege has
been found te be 8 days in the contrcl batches and the percentage hatch to be
high. Strictly speaking the humidity 2ffects neither the duration of the egg
stage nor the percentage of hatchebility (Howe 1960).

It has been observed that cn the dezd control eygs, there were diseass

organisms. These oryganisms heve been identified in the Plant Pathclogy Dept.
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as follows:
1. Blue growth of Penicillium spp.
2, Pure white grewth of Paecilomyces spp.
3. Vhite growih of Fusarium spp.
No further studies were carried out to find whether these moulds
were really parasitic or whether the attack was secondary.
The development of Acridid egys has been the subject of recent
investigation. The present investigation has been confined to a study of

the toxicity of hydrogen cyanide tc the eggs of the desert locust Schisto-

cerca gregaria (Forsk.) and their reletive susceptibility at different ages.

The adults of Schistccerca gregaria Were reared in the insectary

at Silwood Park from a strain obtained from the Anti-locust Research Centre,
South Kensihgton. Meles and females were kept in cages maintained at 25°C.
The eggs were deposited in moist soil in pots. Eggs laid within a few hours
were collected from cages and the age of the eggs was determined to within a
day. Eggs for treatment were taken when 7, 14 or 21 days old. The egg
pods were cleaned with distilled water and the egys brushed free from sand
by & fine wetted squirrel-haired brush. Only eggs of completely healthy
appearance were selected, all shrunken or otherwise unhealthy locking egys
being removed. Eggs from the same pod were taken at random and placed on
slightly wetted black filter paper, in batches of twenty five, in plastic
petri dishes which contained a solution, in the rubber cup, giving the
desired relative humidity of 804.

The incubation period of control eggs of S.gregeria at 25°C, was

21 days t 2 and the percentage hatch was high. 7 day old eggs had under gone
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one~third of their development and were about to accomplish katatatrepsis
and no lonyger needed to be kept in wet soil or in contact with a film of
water.

It was observed that some eggs had become infected by Fusarium spp.
vhich is parasitic on the desert locust embryo. Therefore, to ensure as
far as possible, that all the eggs used in comparative tests were healthy
and at the same stage of development, they were treated with the preservative
antiseptic Nipagin M. This was used at a concentration of 0.02% and gave a
satisfactory control of the fungus without any effect on the centrol hatech-
ability; Both treated and untrezted eggs were quickly brushed with this

solution before the experiment started.

Histological techniques.

4 different techniques were tried: (1) Fixation by immersion for
6 - 12 hours in hot aqueous Bouin's fluid; (2) Fixation in alcoholic
Bouin's fluid for 2 hours; (3) Fixation in Smith's formol-bichromate
solution for 24 hours. In each method dehydration was effected by passing
the eggs through a graded series of alcohols from 304 to 95% leaving them for
30 minutes in each alcohol. The material was cleared in methyl benzoate
for 1 hour and in benzene for 10 minutes, and was then embedded in paraffin
wax, m.p. 55°C.  Sections were cut at a thickness of 5y and stained with
Ehrlich's haematoxylin. The results were unsatisfactory on account of
tearing of the chorion and of uneven staining. The tearing may have arisen

from poor penetration of the fixative or from imprcper embedding; (4) Fixat-

ion by immersing the eggs for 2 hours in 1% solution of osmium tetroxide and
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dehydration in an alcoholic series, 255 - 1005 slcohol, for 3 hours, overall,
with a further period of 17 hours in absolute zlcohcl. The eggs were then
passed through the following mixtures of alcohol and methyl methacrylate,

25% methyl methacrylate 75% alcohol, 507 methyl methacrylate 507 alcohol, and
75% methyl methacrylate 255 alcchol, 100% methyl methacrylate, 30 minﬁtes in
each mixture. The eggs were embedded in partly polymerised methyl methacry-
late in gelatin capsules and kept at 60°C. for 17 hours to complete polymer-
isation., Sections lp in thickness were cut on 2 Porter-Blum ultramicrctome
and mounted in a mixture of 1 part methyl methacrylate and 4 parts butyl
methacrylate. This method showed scme promise and might have proved quite
satisfactory had morc time been available to discover the best conditions

for fixation and embedding for this particular material. Alternatively,
fixation with Carnoy's fixative and embedding in a harder wax might have been
successful. Ancther approach would have been to kill the eggs in Bouin's
fluid, dissect out the embryo and examine it under & binocular stereoscopic
microscope. Pctter et al. (1957) removed the churion and yolk of certain
lepidopterous egys and embedded the embryo using Peterfer's celloidin-paraffin
method. The embedded material wes then sectioned and stained satisfactorily.

It is possible that this procedure might also succeed with Tribolium confusum.

Fumigation.
Fumigant.
The fumigant hydrogen cyanide was obtained as a commercial liquid

98 ~ 995 pure in steel cylinders from Imperial Chemical Industries.
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The measurement of the dose.

A small guantity of liquid hydrogen cyanide was poured into a2 small
bottle and transfcrred to a 0.2 ml. micro burette by air pressure. A tower
which contained soda lime was connected to the top of the micro burette
(see Fig.34). The required volume of hydrogen cyanide, calculated from the
density,was measured, with feir accuracy,into a weighed single-necked ampoule
which was kept during filling in a besker containing ice (see Fig.3B). The
ampoule was sealed by means of a2 small gas jet and the exact quantity of
fumigant determined by weighing.

Containers used for egygs during fumigation.

Two types of containers were used to hold the eggs during fumigat-
ion, small bags made of Bolting silk (100 mesh) and perforsted celluloid
trays,the bottom of vwhich was covered with bolting silk to retain the eggs.
The silk was dyed bLlack for ease in examining the eggs.

The fumigetion chamber.

AL steel bin of 200 litres cubic capacity as illustrated in Figs.d4A
and 5. The walls of the chamber were 3/16 inch thick and painted with a
special paint supplied by Thomas House Ltd, Birmingham, to minimise sorption
of the fumigant. The pump (Fig.5, k) used for aerating the chamber is an
Edwerd's Speedivac Rotary pump, Model RB4 type, which is driven by 2 1/3 h.p.
electric motor. The pump has a capacity of 70 litre per minute at atmos-
pheric pressure. The exhaust pipe (Fig.5, j) leads to the open air. The
system of pipes connecting the chamber with the pump is arranged so that
recirculation of the fumigant-air mixture can be effected if required. The

door of the chamber (Fig.5, b) carried a gasket of soft ribber 7/16 inch
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thick and 1.2 inches wide. The inside of the door has a flanged rim
protruding into the chamber when it is closed. Thus only a very narrow
area of the rubber surface is exposed to the fumigant and sorption of gas

by this gasket 1s kept to a minimum. This chamber is kept in an insulated
room in which the temperature was maintained at 25°C. with a maximum
veriation of ¥ 1°C.  The relative humidity was maintaeined at a fairly
constant level of 503 * 57 in the room. The humidity established within
the chamber is normally c¢qualised with that in the room whenever the chamber
door is opened. After the door is closed the same relative humidity will
persist inside the chamber for several hours. The humidity in this chamber
can be adjusted to any higher value by circulating air over water contained
in herizontal towers (Fig.5, i). The humidity of the chamber is determined
by a "Gregory" conductivity meter. Vith the system adopted a relative
humidity of 70% was attained after 7 minutes circulation. After checking
the humidity the circulation was discontinued end the chamber isolated. The
air within the chamber is stirred by means of an electrically driven fan
(Fig.5, g) to ensure even distribution of water vapour and fumigant in the
air,

Ampoule breaker (Fig.5, d).

This consists of a rod plunger with a handle which passes through
a rubber stopper in a steel tube welded to the chamber and terminating within
the chamber in a perforated end. The glass ampoule of liquid hydrogen
cyanide wes placed in the steel tube and the stopper replaced. When the
fumigetion is to be started the ampoule is crushed by depressing the plunger,

whercupon the liquid hydrogen cyanide is liberasted and evaporated and the
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vapour distributed by means of the fan.

Humidity estimation tube.

This tube is of glass, 3 inches long and connected by a butt joint
and rubber tubing to & steel tube welded to the chamber. The upper end
of the glass tube is closed by a rubber stopper carrying a brass rod,
supporting at its lower end @ small strip of cobelt thiocysnate paper. By
sliding the rod through the stopper this test paper could be lowered into
the chamber and allowed to come intc equilibrium with the a2ir within. It
could then be raised intoc the glass tube for comparison of the colour
devcloped with a set of standezrd colours.

Gas sampling.

Two lengths of lead capillary tubing of 0.5 mm. bore were used to
sample the gas. They pass through a rubber stopper closing a steel tube
(Fig.5, e) welded to the chamber.

There is 2 manometer (Fig.5, m) which is connected to the chamber
by capillary lead tube ani used to facilitate regulation of the air pressure
so as to avoid damaging the eggs.

Fumigation procedure.

The test eggs of Tribelium confusum were selected at random in

batches of 20 in triplicate, of Schistucerca gregaria in batches of 25 eggs

in duplicate. The eggs were transferred to labelled fumigation containers

by means of & fine damp brush. The eggs of Tribolium confusum were coated

with a small variable amount of flour. Controls were treated similarly
except for exposure to the fumigant. Batches of test eggs were kept in

desiccators until required for fumigation. For treatment they were
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suspended by means of 2 thread and hook near the centre of the exposure chamb-
er, this suspension allowing free access of the fumigant to all sides of the
test material. The door was closed tightly end the humidity checked. It

was approximately 507 relative humidity ¥ 5 in all these experiments. The
valves on the chamber were all closed and the hydrogen cyanide introduced

into the chamber. The atmosphere within was stirred throughout the fumigat-
ion. The duration of exposure wes 30 minutes and three tests were made at
each concentration,

Collection of gas samples and determination of fumigant,

At 7, 14 and 28 minutes from the stert of fumigstion samples of
the gas were taken by Page's method (1935) from sampling points near the eggs.
The sampling flask is shown in Fig.4B. It is a cylindrical glass vessel
about 3 cm. in diameter and a capacity of 60 ml., It is sealed at the lower
end and provided with two tubes at the upper end. The narrcwer tube was not
required in this method of sampling and was closed with 2 tap, connected by
rubber tubing and @ butt joint.  The wider tube was also closed similarly
and the tep connected to the lead capillaery sampling tubes which led into
the chamber. The flask was prepared by cleaning thoroughly in chromic acid
cleaning mixture, washing, drying, greasing the teps with the minimum amount
of grease. Care wes taken to avoid any excess of the castor oil used to
lubricate the rubber joints,such an excess would react with the iodine solut-
ion used in the hydrogen cyanide determination. The flasks were evacuated
to a pressure of 20 mm. of mercury and the teps closed. The samples were

withdrawn, two gas samples being collected at the same time and the vessels
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Fig.5. Plan of the fumigation apparatus.

a. the exposure chamber; b. the door of the chamber; c¢. air inlet valve;
d. ampoule brezker; €. sampling outlet; f. humidity estimation tube;
g. fan; h.valve controlling the air circulation in the bin; 1i. air

conditioning tower; Jj. exhaust or recirculation; k. rotary vacuum pump;
m. manometer.
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cooled in ice water. As soon as possible 0.5 ml. of 0.2 N-sodium hydroxide
was introduced in each flask from 2 drawn-out pipette by the use of a small
funnel attached to the tap by a short tube.

Chemical determination of hydrogen cyznide in the gas samples.

The hydrogen cyanide was determined by the iodine titrétion method
described by Lubatti (1935). 0.4 ml. of a 7% solution of sodium bicarbonate
was added, followed by 0.3 ml. of A.R.Benzene as indicator. The titration
was carried out in the sampling tube using 0.01 N iodine solution which was
added gradually with shaking until the end-point was reached, at this point
the benzene which was 2llowed to form a distinct layer after shaking, assumed
a pale purple colour. This colouratiocn is best detected by looking along
the benzene water interface and should last about 5 minutes. The reagents
were of A.R. purity. The iodine solution wes standardised agsinst a sclution
of sodium arsenite prepared from A.R, arsenious oxide, and sodium hydroxide
of 99.9% purity. The reaction of iodine with hydrogen cyanide proczeds
according to the equation HCN + I, = ICN + HI.

Thus 1 ml. N. Icdine = 13.5 mg. HCN.

and 1 ml. 0,001 N.I. = 0.0135 mg.HCN.
The volume of the sampling vessels was found by weighing them empty and when
full of water, at a definite temperature, the volume of the wate; was
calculated with the help of temperature-density tables.

If v internal volume of the sampling vessel in ml.

and p atmospheric pressure in mm. of mercury,

then volume of gis sample = v X (p - 20)/p
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If m = weight of hydrogen cyanide in gas sample

the concentration of hydrogen cyanide = m.p X 1000 mg./litre.
vEp—ZOj

A typical curve showing determined concentrations of hydrogen cyanide is
shown in Fig.6. The actual concentrations were slightly less than the
values derived from the weight of hydrogen cyanide in the ampoules and the
capacity of the chamber. The difference arises mainly from losses of
fumigant from the gas space by absorption in the pcint and gasket of the
chamber.

At the end of the exposure which lasted 30 minutes * 1 minute,
the rotary pump valve was turned to the position for a2iring the chamber, the
exhaust being connected to the open air. Substantially all the residual
fumigant was removed within five minutes. At the expiration of this time
the chamber was opened and the egg containers were removed and returned to
the desiccator. The eggs were carefully removed from the container by
means of a fine wetted brush, placed in lebelled petri dishes and examined
with the minimum delay under the binocular microscope and the number of eggs
killed or changed were observed and recorded.

Usually the treated and control katches were examined daily over
the period of hatching, The larvae were removed as soon as possible to

prevent their eating the egys or the very recently emerged larvae.
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Example of determined hydrogen
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cyanide concentrations in the

fumigation chamber.
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RESULTS.

Tribolium confusum eggs.

Seven age groups, O - 1 day, 1 - 2 days, 2 - 3 days etc., eggs of
known age to within 9 hours in each group, were treated at various concen-
trations of hydrogen cyanide for 30 minutes. The percentage mortalities
are shown in Table 1. The incubation period at 25°C, and 7074 relative
humidity was found to be 8 days for the control eggs. For treated eggs the
incubation period occasionally lasted as long as 12 days. Very few larvae
emerged on the 12th day, so it wes decided that eggs failing to hatch by
the 12th day should be counted as killed. Eggs remaining unhatched on the
12th day had nearly always developed a brown colouvation which was followed
by shrinkage.

Usually in the age group 0 - 1 day, no embryonic development took
place in the eggs which had been killed by fumigation. 5 - 6 day old egys
which were killed by fumigation became brown in colour and slightly elongated
in shape before finally shrinking, showing that the fumigant affects even
highly developed embryos. Control eggs remained white and shining during
development and did not become elongated until 2 days before hetching when
the colour changed to pale yellow and the larvae became faintly visible,

It is thought that the fumigant upsets the normal embryology in
the treated eggs which are going to die, causing elongation, so that upon
death the embryo loses water and shrinks. Some of the highly developed
embryos which were treated at a higher concentration time product,died as the

larvae emerged from the egg shells and were found hanging from the latter.
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It was observed that occasionally, efter fumigation at low concentrations,
more e€gys survived among those fumigated than amony the controls. No
attempts have been made to breed frem the larvee which emerged from treated
€ggs.

Schistocerca gregeria eggs.

Eggs of three age groups, 7 days, 14 days and 21 days, and of
known age within & day in each group, viere treated with a series of concen-
trations of hydrogen cyanide. The percentzge mortalities are shown in
Table 2.

Contrel eggs kept at 25°C. and 805 relative humidity, hatched after
21 days Y 2,  There was often 2 delay «f 3 - 4 days in hatching amongst
the fumigated eggs. From the 7 and 14 day groups after fumigotion, those
eggs which had been irretrievably damaged developed a puncture in the chorion
from which the yolk was exuded, At this stage the egg was considered to
be dead. From those that survived, nymphs eventually emerged but these
nymphs did not live as longy as the control nymphs despite having been provided
with grass and water.

Some nymphs from the 21 day group of egys, although partially
emerged from the eyyg shell, did not fully free themselves, while cothers
hatched completely. They showed a colour variation of the body especially
the femur which wes coloured scarlet and yellow in the treated ones, instead
of green and black in the contrcl specimens.

It was further found that nymphs developed from treated eggs did
not live as long as the control ones when both were fed., Attempts were

made to study the distinguishing morphological cheracteristics especially



those visible after removal of the chorion of the three different age groups.
After fixing treated and untrcated egys, the youngir ones in hot alcoholic
Bouin's fluid, and the older in Carnoy's fluid; it wes found that develop-
ment stopped at once, aftcr exposure to hydrogen cyanide at lethal concen-
tration time products.

A certain percentage of the control eygs failed to hatch; an
average of 9% Tribolium eggs and 6% locust eggs. The results were corrected
for this natural mortality by Abbott's formula:

P, = P-C X 100

100-C
Where Py = the corrected response to a treatment
P = observed mortality
C = contrsl mortality.

The corrected values were subjected to angular transformation, Fisher & Yates
statistical tebles (1948), and wereplotted against dose, which in the graphs
(Figs.7-16) is the product of determined concentration in mg. per litre and
the duration of the exposure in hours, i.e. as the concentretion time product
(abbreviated C.T. product). The mortelity on dose is in nearly cvery case

clearly linear. For Tribolium cunfusum each pcint on the graph is the mean

of three experiments and for Schistocerca gregaria the mean of two experiments

The L.D.50 values, at which 50 per cent. of the specimens are
killed, and the slopes of the lines, b, as well as the figures for position,
a, where a and b are the parameters in the eguation of each line, were read

from the graph and arce shown in the following table.
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Insect spp. £.ge group L.D.50. Slope (b) Position (a)
in days (D=C.T.product)

Tribolium 0-1 0.05 0.53 40
confusum

1 -2 0.59 0.40 -3

2-3 0.72 0.52 =30

3 -4 0.82 0.55 -48

4-5 0.72 0.31 0.0

Schistocerca 7 0.77 0.29 6

gregaria

A histogram demonstrating the estimates of the L.D.50 for the age

group tested of egys of Tribolium confusum are presented in Fig.17, and for

Schistocerca gregariaz in Fig.l8.
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Fig.7. Tribolium confusum O - 1 day old eggs fumigated with hydrogen cyanide.
Regression of kill on dose. See Table 3.
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Tribolium confusum 1-2 day old eggs fumigated with hydrogen cyanide.

Fig.8.
Regression of kill on dose. (See Table 4).
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Fig.9. Tribolium confusum 2-3 day old eggs fumigated with hydrogen cyanide.
Regression of kill on dose. (See Table 5).
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Fig.1l0. Tribolium confusum 3-4 day old eggs fumigated with hydrogen cyanide.
Regression of kill on dose. (See Table 6).
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Fig.ll.

Tribolium confusum 4-5 day old eggs fumigated with hydrogen cyanide.
Regression of kill on dose. (See Table 7).
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Fig.12.

Tribolium confusum 5-6 day old eggs fumigated with hydrogen cyanide.
Regression of kill on dose. (See Table 8).
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Fig.1l3. Tribolium confusum 6-7 day old eggs fumigated with hydrogen cyanide.
Regression of kill on dose. (See Table 9).
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Fig.l4.

Schistocerca gregsarisa 7 day old eggs fumigated with hydrogen cyanide.
Regression of kill on dose. (See Table 10).
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Fig.15. Schistocerca gregaria 14 day old eggs fumigated with hydrogen cyanide
Regression of kill on dose. (See Table 11).
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Fig.16. Schistocerca gregaria 21 day old eggs fumigated with
Regression of kill on dose. (See Table 12).
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DISCUSSION.

Vhen seven egg groups of Tribulium confusum of different ages were

fumigzated with hydrogen cyanide, it wes found that the freshly lzid eggs 0 - 1
days old were most susceptible. The eggs 3 - 4 days old being the least
susceptible, after which the susceptibility increased to a maximum near the
end of the incubation period.

On the other hand Sylvester (1958) fumigeted eight age groups of

the egys of Tribolium confusum with ethylene dibromide and found that the

lowest susceptibility was in the 1 - 2 day old eggs and the highest in the
6 - 7 day old egys, the difference in susceptibility being very marked.
The variation «f susceptibility in three sge groups of eggs of

Schistocerca gregaric was as follows:

The egys were most susceptible at 7 days old and increased in
resistance until the end of the incubaticn period.

Sun (1947) found that the susceptibility of Tribslium confusum eggs

to cerbon disulphide increesed with age.

In this work Tribolium confusum eggs were found to be most resistant

at.the age group of 3 - 4 days, and the L.D.50 estimated from the graph, is
0.82 mg;hr./litre for an exposure period of 30 minutes. This result compares
quite well with that of Gough (1939) viz. 0.326 mg./1. for 1} hours, which

is equivélent to a C.T. product of 0.49 mg.hr./litre; thus the level of
resistance of Gough'!s eggs was(%)= 0.6 times the level of resistance of
the present population of eggs. & factor of this order is of common occuif—

ence and is often attributed to a difference in virility,
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Particularly when fumigents are eapplied at high C.T. products, it
is necessary to continue to oblserve the emerged larvee for some time because
a considerable proportion of them die without feeding. Some larvie fail to
emerge completely and are found drooping across the broken egg shell.

The mode of action of hydrogen cyanide is not closely associated
with respiratory inhibition in meny species of insects (Bond 1959). 1t is
generzlly thought to affect a large number of enzymes either directly or by
modifying coenzymes or substretes.

Hydrogen cyanide often produces anoxia conditions in insects but
these may be tolerated for long periods end may appear to be unimportant in
the main poisoning process. Indeed Bond (1962) has shown that the attempt
to offset anoxia by administering oxygyen to an insect during treatment with
hydrogen cyanide incrcases the effective toxicity of the fumigant,

There are changes in permeability of the egg shell which are caused
by changes in the development as described by Beament (1949). These changes
can be corrclated with variation in susceptibility %o particular poisons, as
well as with the oxygen uptake. Salkeld and Potter (1953) measured the

respiration rate of eggs of Diataraxia aleracea, poisoned with the

Triethanolamine salt of 3 : 5 dinitro-ortho-cresol, and found a greater
increcase in respiration in the 1 - 2 and 5 day old cggs than in the 3 - 4

day old eggs. Thus differences in susceptibility that occur in the eggs

of different zges are associated with chenges in the permeability of the egg
shell which presumably allows more or less poison to reach the embryo. In
this case the poison is in solution. Potter et al. (1957) in a study of the

mode of action of TEPP in solution on egys of Pieris brassicae concluded that
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the poison penetrates rapidly to the site of action and that the degree of
poisoning arises from the proportion and number of enzyme systems inactivated.
It was thought that the changes of the serosal membranes during the develop-

ment of the embryc of Tribolium confusum may be correlated with changes in

susceptibility to hydrogen cyanide as described in this work.

Cotton has pointed out that an increase in susceptibility generally
follows an increase in metabolic rate and Busvine (1938) stated that: "The
action of 2 poison is to dislocate the normal metabolism of an organism and
therefore it is not surprising that the degree of poisoning is closely bound
up with the physiological condition of the organism."

In the absence of detailed knowledge of the anatomical reorganis-
ation, the physioloéical, biochemical and morphological changes that occur
during development of the embryo, and of the mechanism of action of the
poison, it is difficult tc assess the relative importance of these changes
in changing the susceptibility of the eygg to the fumigant. The only clue
provided by the present work is the change in slope and position of the
dosage response regression lines for eggs of the two species studied in the

different age groups. The slopes of the lines for Schistocerca gregeria

are all low and there is a very simple pattern in the change of resistance
with age namely a steady increase over the range studied. This increase is
associated with some decrease in slope and with a change in position of the
line. The low value of the slope and this simple pattern of resistance
suggest that in this species, the aveilability of hydrogen cyanide to the
important sites of action is so low, that other changes within the embryo

whether organisation or bischemicel etc. are of minor importence in affecting



resistance,

The eggs of Tribolium confusum on the other hand, show 2 complex

pattern in the changz of resistance with age. This pattern appears to be
well established since changes found in the present work agree closely with
those found by Gough.

The slopes of the dosage response lines are all considerably higher
than those cf the lines for S.gregariz and this incresse in slope may reason-
ably be taken to indicate an increase in availability and the greater avail-
ability probably allows the effect of changes other than permeability to
manifest themselves in marked changes in resistance.

Whilst it is unwise to speculate much from the kind of information
available, attention may be called to the occurrence of a considerable
decrease in slope in passing from the line for the 3 - 4 day old to that
for 4 - 5 day old eggs, and to suggest that the decrease in availability
of fumigant to the sites of action which is thereby indicated, may arise
from changes in the serosal membranes, which in some insect species are known
to reach their full development at about this age of the egg.

Work along such lines will be¢ needed in order to elucidate the
problem further. The development of the egg as it ages must first be
properly established and later the normal physiology and the physiology under

conditions of controlled fumigation must be carefully investigated.
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Suggestions for further work.

1.

Measurement of rates of mortality and development of eggs laid by
treated and untreated parents.

Determination of the toxicity of fumigants to eggs in species from
which a resistant strain has become selected and the enhanced resistance
of stages other than the egg stage is so high that the treatment required
to control them is not tolerated by the substrate.

Effect of fumigation of embryo systems in eggs and in particular on
respiratery enzymes.

The relation of toxicity to the amounts of fumigant abscrbed by and

recovered from fumigated eggs.
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SUMMARY .

The toxicity of hydrogen cyanide to eggs of different ages of

]
Tribolium confusum Duvel and Schistocerca gregarie Forskal at 25°C. and

epproximately 50 per cent. relative humidity t 5 per cent. has been studied.
Egys of T.confusum of known age were fumigated in seven age groups
and those of S.gregaria in three age groups. Estimates of the L.D.50 in
mg.hrs.per litre for the separate age groups are shown in a histogram. It
was found that the susceptibility of Tribolium eggs to fumigation decreases
from eggs of O - 1 day to a minimum at 3 - 4 days after which it increases
to a maximum near the end of the incubation period. On the other hand the
resistance of S.gregaria eggs to hydrogen cyanide increases continuously with
age.
The slope of the lines representing the regression of kill on dose -

for the different age groups for Tribclium confusum has three turning points,

minima at the age groups 1 - 2 and 4 - 5 day; old, and a maximum at the age
group 3 ~ 4 days old.

The slopes of lines for Schistocerca gregaria are much lower than

those for Tribolium confusum and decrease continuously with age.

These results are discussed in the light of the known developmental

stages of certain eggs and of the penetration of pcisons in solution.
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4PPENDIX.

Table 1. Percentage mortality values for fumigated eggs of Tribolium

confusum Duval, which have been corrected for natural mortality.

Concentration-Time product The age at time of fumigation in days

mg./litre of HCN/hour. 0-11-2 2-3 3-4 L-55-6 6-17
0.075 54.3 - - - - - -
0.125 66.3 - - - - - -
0.150 77.9 6.9 - - 5.0 1.7 -
0.225 86.5 7.0 - - - 6.9 9.6
0.250 90.0 - - - - - -
0.300 9L.5 12.7 1.7 5.0 10.3 7.5 13.7
0.415 97.8 13.5 - - - - -
0.450 100.0 21.5 8.1 - 17.8 21.2 22.7
0.525 26.4 20.0 - - 30.0 30.0
0.565 53.4 26.3 9.0 22,1 52.0 54.2
0.600 - - 10.3 - - 60.0
0.675 66.9 37.0 25.5 39.3 6%.0 82.1
0.750 - 52.6 - 55.8 - -
0.787 - k2.1 - - -
0.900 69.0 57.2  65.5 91.4 100.0
1,085 100.0  84.4 91.1
1,200 100.0

Table 2. Percentage mortality values for fumigated eggs of Schistocerca

gregaria Forsk,, which have been corrected for natural mortality.

Concentration-Time Product The age at time of fumigation in days

mg./litre of HCN/hour. 7 1, 21

0.150 4.0 - 0.0
0.225 6.1 0.0 2.0
0.300 1.8 2.0 4.0
0.450 - 6.1 -

0.600 L1.6 8.3 8.0
0.7% L8.9 15.1 8.3
0,900 59.1 37.5 14.2
1.085 71.1 46.9 2.l
1,200 81.2 65.2 32.6
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Table 3. _Tribolium confusum eggs fumigated with hydrogen cyanide at 25%C.
(See Graph 1).

The age at time of Concentration~-Time Product Mortality-Angle
fumigation in days mg./1litre of HCN/hour
0-1 0.075 L7.4
' 0.125 . Shob
0,150 62.0
0,225 68.0
0.250 7L.6
0.300 76.3
0.415 81.0
0.450 90.0

Correction made for control mortality.

Table L. Tribolium confusum eggs fumigated with hydrogen cyanide at 25°C.
{See Graph 2).

The age at time of . Concentration-Time Product Angle
fumigation in days mg./litre of HCN/hour
1-2 0.150 15.1
0.225 15.3
0.300 20.8
0.415 21,6
0.450 26,6
0.525 30.9
0.565 16.9
0.675 54.7

Correction made for control mortalities,

Table 5. Tribolium confusum eggs fumigated with hydrogen cyanide at 25°C.
(See Graph 3).

The age at time of Concentration-Time Product Angle
fumigation in days mg./1litre of HCN/hour

2 -3 0.300
0.450
0.525
0.565
0,675
0.750
0.900
1,085

Correction made for control mortalities.
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Table 6. Tribolium confusum sggs fumigated with hydrogen cvanide at 25°C.
(See Graph L).

The age at time of Concentration-Time Product Angle
fumigation in days mg./litre of HCN/ hour
3-4 0.300 12.9

0.565 17.5
0.600 18. 4
0.675 30.3
0.787 LO. L
0.900 9.1
1.085 , 66.7
1,200 90.0

Correction made for control mortalities,

Table 7. Tribolium confusum eggs fumigated with hydrogen cyanide at 25°C.
(See Graph 5).

The age at time of Concentration-Time Product
fumigation in days mg./1litre of HCN/hour

=3
=]
m
~
o]

L-5 0,150
0.300
0. 450
0.565
0.675
0.750
0.900
1.085

Vit O N ~2 OO E O

2w ww =

Correction made for control mortality.

Table 8. Tribolium confusum egegs fumigated with hydrogen cyanide at 2500.
(See Graph 6).

The age at time of Concentration-Time Product Angle
fumigation in days mg./litre of HCN/hour
5-6 0.150 7.3
0.225 15.1
0.300 15.8
0.450 27. 4
0.525 33.2
0.565 L6.1
0.675 56.2
0.900 72.9

Correction made for control mortality.
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Table 9. Tribolium confusum epggs fumigated with hydrogen cyvanide at 25°C.
(See Graph 7).

The age at time of Concentration-Time Product Angle
fumigation in days mg./litre of HCN/hour
6 -7 0,225 18.0

0.300 21,6
0.450 28.2
0,525 33.2
0.565 Kl.4
0,600 50.8
0.675 64.9
0.900 90.0

Correction made for control mortality.

Table 10. Schistocerca gregaria eggs fumigated with hydrogen cyanide at
ZSUCn (See GraDh 8)0

The age at time of Concentration-Time Product Angle
fumigation in days mg./litre of HCN/hour
7 0.150 11.5

0.225 14.2
0.300 22,6
0.600 40.1
0.750 Lhyoly
0.900 50.2
1,085 57.4
1,200 64.2.

Correction made for control mortality.

Table 11, Schistocerca gregaria epggs fumigated with hydrogen cyanide at 25°C.
(See Graph 9).

The age at time of Concentration-Time Product Angle
fumigation in days mg./litre of HCN/hour
14 0.225 8.1
' 0.300 14,2
0.420 16.7
0,600 3,.8
0.750 36.3
0.900 L3.3
1.085 53.7

1.200



Table 12, Schistocerca gregaria eggs fumigated with hydrogen cyanide at 25°C.

. (See Graph 10).

The age at time of Concentration-Time Product Angle
fumigation in days mg./litre of HCN/hour

Al 0.150
0,225
0.300
0.600
0.750
0.900
1.085
1,200

W NN
O N0\0\||jmp
OWnHFE 2N RHO

Correction made for control mortality.
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