INFLUENCE OF REDUCED PRESSURES ON
CAIANDRA SPEQIES, WITH SPECIAL
REFERENCE TO FUMIGATION.

A Thesis gubmitted for the
Degree of Dogctor of Philosophy
in the Paoculty of Science,
University of ILondon.

by

Ho Jo BIAMEHANI,
BeSo., Ass0oc.I.AR.I,

Impexrial College Field Station,
Sunninghill,




GONTENTS

Genﬂr‘l INntroduction ecescocoscecocssvecenconssonssne

Part I.

Part II.

Part III.

Effect of reduced pressures on the
- insects.

Introduation eceecsecsccoccresssecsscocvnse
Review of Iiteratul'® sceescvevecveevecenss
Materials and Method ececesccevsserconce
Design of the Experiment ecccccccescoces
Prol nary Experiments eccecesscccocvecse
Results of the Experiment ecceccecvosscoceecs
DisousSsion ceccoeveconvosvsssvccsvccssoce

Summary 00 E 0000000030060 008 002000 cen000s 0

Fumigetion under reduced pressures.

Introduction eesecsccosnscssoncscvasassnsnse
Review Oof lltoXratulre esesccvevsvescscces
Materials and Mothod eccecsccccccccsvccse
Pr’llminﬂry Exporiments sceccscecccoccces
Deﬂisn of the Experiment ceccecccecencss
Results of the Experiment ccccecscvccccee
D18cusaion ecovevcossccnsensecccecescccee

SUMMAI'Y secvosvvvccesvsssccsscscsscnsosas

Subsidiary Experiments.
Retention of hydrogen oyanide by the

:n.‘ﬂt. af ter umlsatIan evvsones
Sorﬁtion and reoovor*-ot %;drogen

Q e from ) & Nneecvs .
Introduction eceeevecscscvevcsscsscccccnes
Review of Ifterature ccecccecccccsvccece
daterials and Method ceesecvvcccrvrccscce

Pr.liminary Exp‘rlmﬂnt' eteev0eeonssssose
Sorption of hydrogen oyanide bty

CegranArif seccescecsss
Sorption and recovery of E?drOgen
cyanide from the ingects eceseccccess

DigcugBion ceccvvvccsvccsssnontesvcssscone
Summary e a0 00000000 00E00000 00000 R0s0n0e

Paseo
l -3

4 -5
6 - 12
13 - 19

2l - B3

24 - 456
46 -~ 61

66 ~ 61
- 99
101 - 122

123 - 132
133 - 135

136 - 148.

149 - 180
161
162 = 189
160 - 163

165 - 166
166 - 171

172 - 177
178



Part IV. Fumigation under reduced Ereuurol

w same concentration-time products.

Introductlion ceceesccansssnsscessasoncsne
Review of Literature eccecceccccscessssece
laterials and AMethOG eccecccceccecsescene
Deﬂign of the exporimﬁnt Qecccsecessesnes
Prellminax'y Experiments eccceccevccccscces
Resultg of the Experiment eescscecsesces
Digoug8lon ececevccovocsrevesenssessssnne

Summﬁry 00000 0atoeesesstetNseEP sl
General DIiscuSsion eccevesscccvcccscscsssscccrsacoes
SUMMAYY escesecesssscsotssssssocsssossevosssacsnssas

Appendix 06060 ¢T QPP TIORGOS ECSOITPOSEPORIOOERRgOesY e

Aoknowledgment

References I - vI.

PEEO.

179 - 180
181 - 183
184 - 186
186
187 - 188
188 - 203
204 - 209
210

211 - 217
218 - g1
222 - 224



X

ABSTRACT

This Thesis desoribes work done to investigate the
effect of reduced pressures on the insects. (Calandrs
granaria and Calandra oryzae). The water loss from the
insects and their mortality depend not only on the pressure
maintainsd in the chamber in which the experiments were
done but also on the humidity of the atmosphere swurrounding
the ingecta. The greatest reasponse produced is at £ cm.

. pressure, but at much lower prennureal(a - 4hpm.) the

i‘.tnmmt:s show & much reduced response.
" The hydrogen oyanide sorbed and the mortality have
been shown to depend on the air pressure in the chamber.

. More hydrogen oyanide 1s recovered from fumigated insects

by crushing them before distillation and also by distilling
them in the solution of FH 3.E instead of FH 1.2,

There is practically no difference in the amount of
hydrogen oyanide sorbed and in the amount recovered
immediately after fumigetion if the modifled method (in-
cluding crushing and lower acidity) is adopted when
fumigation periocds are small, like 1 - 4 hours, but when
fumigation pericd is longer (12 hours) there appears to ve
some difference. C.granaria are found continuously to
aordb hyarogen cyanids when the fumigation period 1is

i
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inoreased from ¢ to 16 howrs. The rate of sorption is
greater during the firgst hour, and subsequently decreases
as the period of exposure inoresses.

Some hydrogen cyanide is retained in the inseots'
bodles, whigh could be recovered up to as long as 70 days
after fumigation.

At the same dosage, as messursd by the concentration-
time produnt, when the insects are fumigated, it is found
that high congentrations combined with short exposure
periods produce greater sorption of fumigant than low
congentrations for longer periods. The response produced
under reduced pressure fumigation is greater than at

atmospheric pressure.



QENERAL INTRODUCTIOR

Funigation of stored products to control insect pests,
ig a gommon practice throughout the world. But fumigation
umder reduced pressures is practiced mainly in america and
Frange where it has spread slowly over the past 35 years,
Most of the previous work on fumigation under reduced
pressure 1s gonfined to the application of a dose under
reduced pressure, with the objeet of finding sconditions
ﬁndor whioh complete mortality is obtained. Very short
periods of fumigation have been shown to be suffioclent
to produse gomplete control under certain gonditions,
whereas comparatively long periocds are raquired, if the
pressure is not reduced. The insects in fumigation under
reduged presaure are really subjected to two treatments
name ly, (1) & reduction of pressure and (2) a funigation.
It ia of course likely that the treatments interact.

Some workers have studied the effect of resduced pressures
alone on the ingects and most of them have taken as the-
responge mortality, which may be assooiated with a variety
of gonditions of which loss of water from the 1nnec£l may
be one of the more important,

Part I of this thesls deals with the effect of
reduged pressures at various humidities on the ingeots,
taking water loss and mortality aa the responges.

Part II deals with fumigation under reduced pressures,
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taking sorption of hydrogen cyanide as determined from

the amount recovered from fumigated insects, &nd mortality
as the responses. Since fumigation under reduced pressure
hag been oclaimed t0 be superior to fumigation at atmos~
pheric fumigation, it was hoped that this kind of investi-
getion would confirm oxr disprove this olaim &nd would
help to illuminate the mode of action of fumigation under
reduced pressure. Part III deals with the sorption of
hydrogen cyapido by the insects and its regovery from them.
As the recovery of hydrogen oyanide from the insects
immediately after fumigation provides an indirect measure
of the amount sorbed by the insects during fumigation,
some experiments are oarried out in gmall, specislly
designed, fumigation apparatus to find the amount of
hydrogen oyanide sorbed and the amount recgcovered and the
difference, if any. In this part, some experiments are

carried out with Galandra granaris with the object of

determining the rate of sorption of hydrogen oyanide.
Part IV deals with the recovery of hydrogen cyanide from
batches of ingects, fumigated at the same goncentration-
time products, but with different gombinations of
concentration and time. These experiments were oarried
out at three different pressures so as to study the

influence of presaure on the insects under thege gonditions.



3o

In this way, it has been possible to throw light
on some: of the fundamental problems connected with

fumigation under reduced pressures.



PART I. EFFECT OF REDUCED PRESSURES
ON THE INSECTS
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4.
- INTRODUCT ION

Some experiments on the effect 6: reduced pressure on
insects were carried out as early &s 1670 by Robert Boyle
but it was only recently, in 1929, that Lutz first demon-
strated that insects, when subjected to reduced pressure,
lose water. vkdny workers have subjected insects to
reduced pressures, &nd obtalned mortality responses dbut,
except Idvlngiton and Reed (1940), nobody has even attempted
to t1n§ out the water loss from the treated insects. It
is generally agreed that undir reduced pressure, there 1is
an oxygen dotioiency, whigh acts as some kind of stimulus,
the ro:piratory rato or the 1nnact- is increased, and
there is increased ovaporatlon of water from their bodles
through the spiracles. This excessive loss of water 1is
one of the factors rdspOnaiblo for death,

It 1s, ihoretoro, very important to determine the
water loss from insects subjected to various reduced
'pressurea.

- Some experiments were carried out in all glass vessels
of 1075-1150 ml. oapacity, by subjecting the ingects to an
ebgolute pressure of 2 om. of meroury. It was found that
the water loss trom th.Ainsocts was sufficient to change
the humidity in the ohnmher, as shown by the change in
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golour of ooﬁalt-thiocyanato paper put into the chamber.

It was suspected therefore, that the lnsects would probably
"regulate" their water loss as the alr in the chamber
became more and more humid. Henge it was decided to
control the humidity in the chamber, to subjeot the

inseots to reduped pressures at various humidities, and to
£ind out the magnitude of the water loss from them and
also determine the mortality response of the treated

inseots.
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REVIEW_OF THE LITERATURE.

A gearch in the literature shows that as early as
1670, some experiments on the effect of reduced pressure
on the insects were ocarried out by Robert Boyle. He was
the first werkpr to note that if the exposures were long
enocugh and the preasure reduced sufficliently, some specles
of insects were killed, FNearly 160 years later, Huber in
1814 carried out some oxpofimsntn to investigate the
ability of bees t0o survive low pressures and found that
bees gould withstand very low pressures. Jansette de
Belleseme (1880) studied the ralative ability of insects
to survive in a'vacuum. He found that insects belonging
to the group Hymenoptera gould survive in a vacuum 5-6
hours at a temperature of £20°C, but eookrosches
(Blattidme) for only 2 hours at 18°C. Cols (1905) was
the first worksr tc show the importance of moisture to
insects when subjected to reduced pressure. He found

from two experiments that when adults of Calandra oryszae

were subjected to a vacuum, in which the “meroury of
the gauge was reduced to 5 inches®, 50 per cent of the
ingects lived nhd fed up to 23 days when a digh of water

wag placed in an evacuated vessel, whereas INXENBEREH
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in another experiment without water, all the ingects

died within 7 days. He concluded from his two experi-
ments that the deatha in the insects weroe due to severe
desicoation. Roller (1906) while, observing the effect
of gradually lowering the pressure upon the rsgpiratory
movements in gragehoppers, noted that the activity of

the ingects increaged at first when the pressure was
reduced and that congiderabls aexpangion of ths abdomen
occwurred, the normal dimensions being regained when the
vacuum was maintained for same time. At the end of the
treatment the heart of the insect was found to be beating,
though resplration had stopped. In November grasshoppers,
however, respiratory movements ceagsed as the vacuum was
produced. Tho insects swrvived the vaguum for 7 hours,
but 8 hours proved fatal to them. Greenwood (1906)
econcluded that the ability of the ingects to withstand
extreme pressure ghanges was conferred by their tracheal.
mode of respiration. Babak and Foustka (1907) goncluded
that lagk of oxygen was in some way & stimulus which
promoted respiratory movements in the larvee of dragonfly.
Magkie (1516) observed that the effect of & vacuum of

"g7% inchea™ on all the stages of tobacco heetle L.serricorne

was fo expand the celluler tissues, and greatly to distend

the bodies. Whén-thc”lnsectl wore returned to atmospherie



8¢
pressure after 3 hours, wany of them became active again.
uuokia (1917) was the first worker to try a thermal-yacuun
process for the control of L.serricorns infesting cigars.
He suggested that the process in question caused the water
content of all the insects comprehended therein, to change
to gaseous form, thus all the insects were killled.

Nagel (1921) reported that the larvae of Anobinn Striafum

oliv. were unharmed by &n exposure to & partial vacuum
for 24 hours. Brassler (1925) reported that the storage
of furs in sn evacuated chamber was sald to protect them
from inseots such &3 e¢lothes moths, but Moll (1926)
reportpd that the firus found that the vacuum alone was
insufficlient in practice, and bad therefore combined 1t
with heating at 40«50°C (104~1229".) Cotton (1925) carried
out an extensive plece of work on the relative ability of
various stages of 20 insects to withstand & "vaouum of
£8-29 inchea" . He found that in gensral, adult and pupal
stages were more susceptible to the effect of vacuum than
were the laval gtages. Treated specimens of the larvae of
the ingectis were siliff and britile and appeared to have
been thoroughly dried out by the process. He fuxrther
observed that when the lngects were subjected to "29 inch
vacuu", all movement ceased in all stages of all species
tr;ed wlthin a few minutes after the pump was started. |

If the air was reastored in a ghort time, the ingects
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regained their normal activity. Iuts (1929) demonstrated
that insects subjected to roduéud pressures, lost moisture
by cvaporttion.more,réadily than at normal atmospheric
pressure, Cotton (1932) found that the reduction of
oxygen content of the atmosphere in a chamber, had a
marked effect on the respiration of the insaotu and
rendered them more susceptible to the effest of the
fumigant, He concluded that oxygen deficiency associated
‘  with & reduced air pressure rather than the reduced
prensuri of itself was the factol affecting the insects.
Wigglesworth (1935) found that with the inseots kept

in the mixtures of oxygen and nitrogen at atmospheric
proliure, when the proportion of oxygen was reduced

t0 one per cent, the spiracles of the insects were
‘kbptfp;rmanontly open. Cotton (1938) eoncluded from

hiﬁ experimonﬁ. that reduced oxygen content produced by
reducing the atmospheric pressure inoreased the respiratory
metabolism, but Woodworth (1836) got opposite results.

He found that generally the redustion in pressure reduces
respiratory metabolisme. He explained the gontradictory
results by postulating two effects, opposite in nature,
resulting from reduction in pressure. The first, a
sudden inocrease in metabolism, and the uécond, a subge-

quent decrease in metabolism. Both effects were the
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direot result of the change of presswe. Since redused
metabolism ia the final and lasting effect of reduced
pressure, ha'nuggested that this wmetaboliam should be
ealled the "redused-pressure metabolism". The ingreased
metabolism on the other hand, singe it is tewporary, and
varies with tququgd or 4ogree of the 6hange of pressure
'should be oallqé»ﬁhe "reduqed pressure compensatory
metsbollsu" . soore and Carptenter (1938) cbserved that
when the air prosauré in the chamber was reduced below
that of the atmoaphora,‘oortain lpénian,nf ingsacts first
becane veiy active and then slowly their activity decreased
P@nﬁilmthey were rendered insctive, at a pressure of
?id;ﬁﬁ.‘of meroury or less. Fisk and shepard (1938)
obtainsd 16-20 per cent mortality of T.confusum adults
when subjected to an absolute pressure of 30 mm, of
merocwry for 90 minutes, when there was no water in the
flask, but the mortality decreased to less than 1 per cent
when a small amount of water was first added to the flask,
indicating that the water loss from the inseots' bodies
in & dry atmosphere was congiderable and could be fatal,
Livingstone and Reed (1940) were the first workers to
measure the water loss from the inseots, subjected to
vacuume They found that the water loss and the mortality

of the larvae and adults of L.perricorno. kept for 8 hours
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at an air pressure of £ inches of mercury wers considerably
greater in dry than in water-saturated air. They also
found that an 1ncrgaao in the total amount of oxygen in
the chamber prolonged the life of the insects, and, in
the d4ry air, reduced the evaporation of water from their
bodles. In moist air at a pressure of 2 inches of mercury
no particular injuriocus effeot was observed so that nsither
water loss nor lasck of oxygen was important under these
eonditions. Reed and Vinsant (1942) reported treatment
with the steam after reducing the air pressure raised
the temperature in tobacco, in commercial packages, to
about 160°F, and all the insects present were killed by
this "thermal-vaguun™ process. Bare, Tenhet and Reed

,(1946} while work1n3~wiﬁhluserricorne and HE.clutella

suggested that in the thermal-vaguum treatment, the
inaeoct mortality appeared to be caused by heat and
yaguum gombined, since & "very high vacuum of over

29 inches", alone, produced only negligible mortality.
Wellington (1946) has reviewed the work done by other
workers on the effects of low pressures on the insects
and eoncludes as follows - "Extremely low pressure has
only an indirectly adverse effeat upon the ingects, with
the consequent reduction of oxygen, and the inereased
rate of evaporation playing roles of almost equal
importance &s the directly lethal factors. With ingects
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iz.
that ordinarily elose their spiracles in dry air at
normal pressure, the increased respiratory rate induced
by oxygen-defislent alyr at low pressurs results in a
more rapid rate of evaporation through the opened spiracles.
Insects that lack & closing mechanism for the spiracles
will be subjected to increased evaporation at low pressure
from the beginning. However, it does not necessarily
follow that evaporation plays the most important part in
hastening death under the unnatural conditions of extremely
low presaure, itnoo the time at whioh the fatal 1limit of
aesicoation is reached will be partly dependent upon the
amount of free water egontained within the insects.
Gonsequently, 1t must be wssumed that any mortality at a
greatly reduced pressure is due to the effects of oxygen
ptarvation cocmbined with the effects of desioccation, and
is not diregtly roferable to the agtion of low pressure
alone". Bare (1948) found that the redused pressures,
%above 28 inches on the meroury gauge", at the temperature
of about 759F produced a 100 per cent mortality of all
the stages of E.elutella sonfined to a depth of 9 inches

in the bales of Turkish tobasco, after an exposure period

of 72 hours. The same treatment produced almost as great

a mortality of all the stages, except the eggs of

Leserricorne whish required an exposure of as long as

10 days to "high vacuun" to produgse 100 per gent mortality.
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MATERIALS AND METHOD.

In thease experiments, adults of Calandra granaria

end Oalandra oryzae were used. GC. granaris wag bred on
English wheat at 85°C and 60-70 per eent R.He. in a

constant tcmperatureéhuml@ity room, but C.orysas was bred
in an incubator at 22°C and 6070 per cent R.H.

About 200 adults were placed in a 1 1b. jar which was
3/4%B £illed with wheat. The ingects were allowed to
remain for about 4 weaeks, after which they were all
removeds The young adulis started emerging after about
6=6 woeeks. They were separated and kept for about 3 weeks
in bottled labelled "nﬁoragp“. Ingects from. the old
gultures were collecgted aftef an interval of 4-5 days
and about 1000 adults were kept per 1 lb. jarg 3/4%0
filled with wheat, and the insecis which were 3-4 weeks
0ld were ugsed for experimental purposes. The gex of the
ingects was not taken into consideratlion and they were

selected at random from the storage jars.

Humidity Control in the Chambers.

Humidisy in the all-glass chembers used was controlled
by means of & drying agent or of salts wetted with a
saturated aqusous solution, tubes containing one of these

substances being kept in a chamber throughout the exposure
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period. A large number of salts was tried and the follow-
ing wers finally selesoted, calcium c¢hloride wetted with

its saturated solution whigh mmintainsd & relative humidity
of 45 per cent, barium chloride wetted with its saturated
golution which maintained & relative humidity of about

86 per cent. Pho:ghnrogg~ggntoxido, wag used to malntaln
a low humidity,35§€§é§n~gﬂ;;d S per eent. In one series

of experiments humidity wag not controlled but was

allowed to change with the "water vapour" given off from
the insects.

The humidity in each ghamber was approximately
messured by the £inal colour of a "eobalt thiogyanate
paper® introduced before starting the experiment.
Solomon's (1945) method was adopted in making the oobalt
thiooyaﬁate papers and some standards were prepared for

somparing the colours obtained.

Colour Change in the Cobalt thiooyanate papers.
When phosphorous pentaoxide powder was used in the

chamber, the eolour of the cobalt thiocyanate paper was
dark green or dark brown, but in presence of the saturated
solution of ealcium chloride, the ocolour of the paper was
blue, and in presence of the saturated solution of barium
gshloride the solour of the paper was pink. Thus the
golour of the paper indicated the humidity in the chamber
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during treatment. In the chamber without any “"buffer
solution", the colour of tho paper ghanged with the -
humidity in the ghamber, which depended on the water
logs from the insects. The paper was dark green or brown
in the beginning when the ghamber waa svacuated, but as
the inssots were subjeated to reduéed pressure, they lost
water, and this water raised the humidity in the chamber,
as indioatéd by the change in the golour of the cobalt
thlogcyanate papar from dark green or brown to blue, to
pinkish blue and finally to pinke

In another chamber without inseots, the colowr of the
paper wag dark green or brown when 1t was evaguated and
remalnad unghanged showing that the humidity in the chamber

was very low.

"Ingect Cages".

The cages wore small glass tubes about 5-6 om. 1in
length and about 1 em. inner diameter, opsn at both ends.
These tubes wers cloged at both ends with metal "gaps”,
whioh were made by soldering fine wire gauze on one side
of a metal ring. The use of muslin was avoided ss it
would have absorbed moigture and night have affeasted the
results., Pifty lngects were put in each of these cages

and treated under reduced pressures at various humidities.
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Meaguring the "water loss” from the insects.
Each 1inssct "cage" was welighed separately and into

these welghed cages, fifty lnsects were placed and the
cage plus lnsects walghed before and after treatment.

The differeance in the two we.lghti gave the "water loss"
from the insscts, which was caloulated as the percantsge
logss ¢of the water cgontent of the insects.

Eethod of evaguatlion.
| The ecoamber was ¢oumnected to the mancmeter and vaguum
puap, wuich was then started and the chauber brought to &
desired presawrse. The presawre was read on the glosed end
maucneter. The differenge in the merswry level ian two
arms of the mancmeters give the presaure in the ohamber.
Sometiues &n open end msnometer had to be used, when the
pressure of 37 cme. Or above was needed. In the open end
mancmeter, the differsnce in the wercury lsvels whea
subtracted from atmospherie pressure, gave the pressure

in ome of mercury in the chamber. 4ll the pressures uged
are referred to as "absolute” pressurss in om. of meroury.

Experimental procgdure.
Fifty insects of euch species were put geparately

into two welighed insect cages and were weighed to the
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nearest 0.1 mges An open glass tube about 6 ems. long
and about 1 ome internal diameter and gontaining gotton
wool soaked in & saturated solution of caleium chloride
or barium chloride was introduced into the "pyrex" glass
chamber of about 1 litre capacity. '

The insect oages and the tube containing th§ "buffer
golution” or a small tissue paper "bag", containing phos-
phorous pentoxide were placed in the body of the chamber
and one small pilece of cobalt thiogyanats paper wes placed
in the neck. Tho;ohlmbor.wan evaguated to a particular
pressure and kept in constant temperature room at 85°C for
the required periods The chamber before opening was tested
for lealmge, by eénnocting it to the pumping system whiagh
was brougn€ to presaure establighed in the chamber before
tho start of the experiment. On opening the ltogggck of
the ghamber, If the meroury levels in the manometer remained
unchanged, the chamber was taken as "air tight". Usually
the pressure in the chamber was found to have risen by
about 1 om. of mercury, thé rise being sscridbed to the
pressure exerted by ths water vapour corresponding to
the humidity at the end of the experiment. The air in the
chamber wasg then brought to atmospheric pressure, and the
ingects taken out and weighed immediately. The "treated"
ingeats were put in labelled glass tubes with some grains
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of wheat and kept for counts of mortallity in the constant

temperature and humldity room.

"Gontrol” Insects.

Sets of 50 adults of C.granaria and C.orysae were
always kept as controls, under the gaue gonditions as‘
those portaining to the treated ingsects except that the
alr pressurs was always atmospherie.

Control insecis also were weighed before and after
‘the ekparim.nt. There was no appreciable water loss or

moritality in the controlse

Mortality results.

The insoots were axamined twice for the mortality
results. The first recording was done on the 6th day
after treatment and the second on the 1l0th day. Those
ingects whieh did not show any sign ofphai;ﬁent of any
part of the body when touched with a camel hair brush or
a finger,rwera taken ag dead. Usually it was easy to
distingulsh dead from alive, @8 the dead insects were
dried up owing to desiccation, and their legs were folded
and the bodles twilsted.

Some observations on the acgtivity of the insects,
during and af ter redwed pressure treatment.
As the pressure fell in the ghamber, the insscts becams
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more and more active. 4t &n absolute pressure of _?___ om.
the insects became inmetive within & few minutes, but at
4 or 8 em. préssure, they were quite active and were seen
%o be meving about in their oages.

After treatment, when the pressure in the chambox; had
been restored to atmospherie, the aotivity of the ingects
was found ta depend on the amount of water lost from their
bodies., If the water loss was very small, they became
sotive within a few minutes, but if the water logs was
gonsiderable, they took some hours to show appraciable

movement and finally to become really active.
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Most of the previous work on the effect of reduced
pressures on the inseots was confined to the investigation
of one factor and ﬁho response it produced. In the present
series of experiments, the investiigation was extended to
oover more than one factor. The object of the investigation
was quentitatively to measure the water loss from C.granaris
and G.orysae whea subjected to reduced pressures &t various
humidities for certain periods, and also to determine the
mortality response. Three reduced pressures, thres exposure
periods and four humidities were clected. The three
pressures ghosen were £, 4 and 8 om. 6: mersury, the three
p.riodn tried were 4, 8 and 16 hours, while the three
“"eontrolled" humidities were about 5 per cent {(or below)
is per oent.and 85 to 88 per ceunt. Relative Humidisy.

In one of the series, the humidity wes not controlled, but
was sllowed to change with the eacaps of "water vapour"
from the insects into the air of the chamber.

The results obtained were subjected to an analyui; of
variance to assess the importance of each factor separately
and in combination with others.

The experiment was & fully factorial ons involving four

factors. Humidity was investigated at four levels, pressure

at three, each at -three exposure periods. Thers were two
spesoles.
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PRELIMINARY EXPERIMENTS
(1) Determination of Water Content of the Insects.

Some preliminary experiments were carried out to
determine the "water content" of (.granaris and C.orysae.
It was found that the water content of C.gransris was
slightly higher than that of C.orysse. 7Table 1 shows the
water ocontent, oaleulated as percentage loss of the body
weight of insects before treatment.

TABIE 1.
Water Content of C.granaria and C.oryzae.

: ater loss from
Ireatment Gogranaria (.orysae

(1) Heating at 150-156°C for
6 hours. 654.8 - 51.8

X (2) Subjecting the insects to
' an abs. press. of 2 om. of
Hge in presence phosphorous

pentoxide (Humidity 5% or

below) for 75 hours. - 541 58,2
X (3) 8 om. press. P,0g 96 hours.
o ' 54.5 48.8
same ( () 8 om. 8 hours 165.2)Total 16.5)Total

tngects ( (b) 8 em. Pg05 96 hours. 38.9) 54,1 31.,9) 48.4
same *(4) (a) 3«4 mm.press. 48 hours B5.1)Total 8.3)Total

inseacts (b) 8 om.press. Pgo 46.6) 81.7 30.8) 48.1
) hrs.
X (6) Atmospheric pressure -
Po0p 44 days. 5B+ 8 B62.2
‘ Average Average
5368 50.1

X Temps 68 - 64°p.
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It 18 sesn from the Teble 1 that C.grenarisa has d water

content about equal to 53.6 per cent of the body weight,
whereas C .orysas hag a wabder content about sgual to &O.1 per
cent of the body welight.

(2) Effect of 5-4 mm. absolute pressurs on

C.granarla and C .ogxzao.
In preliminary experiments on the effect of reduced

pressures on C gganarla and C,oryzae someé experiments were
carriad out to f£ind the ctfeot of pressures lower than those
attainable in vaguum fumigation. The inseota were subjected
to an absolute presaswrs of 3«4 mm. of mercury for various

periods, and 1t was found that there was 8 oonsiderable

docreasa in water loss from the insects, when compared with

the water loas at 2 Qe absolute pressure or above.
Table 2 shows the water less and the mortality responses
obtained with both gpeclea, when subjected to pressure of

3«4 mm. of meroury for various periods of expogsure,
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TABIE Z¢

thdr loss fyom C.gg;naru and. G.oryszae, when

subjegted to the prassure of 3~4 mm. of mercury.

Coe Ory 280
Pressure Periodn % Water %lortalfty Z water *ﬁorﬁﬂﬁ

loss loans
Exgosg_r__g
4 B2 0 Bab 0
6 8.3 4 848 2
5eg mm. 17 849 2 10.5 8
24 15,9 16 13.6 18
48 18.1 26 19..4 40

Thegse results show tnat there is probably some kind of
physical effeot qf such a low pressure on C.granarig and
C.orysae, as thege sawe insecta lost water at a much greater
rata at pressuwre of £ au. of mercury and above. These

results wlill be fully discusaed later One
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RESULLS OF THE EXIERIMENT.

The results are glven in Table 3., Per cent mortalitles
wore first gonverted to angular transforms and the analysis
of varlanba wag carrled out for both the responses studied
(Tables 4 and 5) The following general conclusions can be

drawn from the resulta.

(1) Both the species loass more water and give a higher
mortality reaponse as the pressure dscreases from & to 2 em.

of merourye.

(2) Vnen the bumidity in the chamber deareases from 85 to
5 pexr cent, the water loss and the mortality of both speocles

increase.

ta) As the pericd of éxpoaure increages from 4 to 16 hours,

the water loss a3 well as the mortality increases.

{4¢) Adults of G.orysae are found %0 be more susceptible
then adults of C.granaria. They lose more water and give
higher nortality'fesultuo

(5) The mortality reaponse of both species increases as

the water loss l1ls increased.

The affeet of each factor gssparately or in combination

with other factors was assessed by summing scross other



256.

factorss &all the main factors proved to be significant
at ) por‘o.nt probability level, The results are dealt
with in detalls below. The mean of the responge obtained,

is plotted agaihst the treatment in &ll the figures.

Pregsure Hffeot.

It wés found that the pressure had a pronounced effect
on the ingects. 43 the preassure deoreased, the water loss
and the mortality increased in both the specles (figs.l
end 2). Thers appears to be & linear relationship betwsen
the pressure und the water loss response. The mean water
losa increased from 21l.9 t0 56.6 per cent of the water
sontent of the ingects and the mean mortality increased
from 26.9 t0 64.8 angular unita (20% to 81%) as the

pressure deoreaged from 8 to 2 om. of mergury.



2 om. 4 om. 8 om.

mo
Humidity peried § # A%, ¥ % AT, % %
in hours water mor- of # water mor~- of ¥ water mor-
loss tal- more~ loss t¢al- mor~ loss +tal-

ity tal- ity tal- ity
1t¥c ity ’
5% R.H. 4 60.4 71.6 41.4 9 71.6 14.2 © 0
'- . 8 8 09 lw ooa . 6 8. 24‘ 14 2200
&4 . 4 37.1 86 68.0 22.1 14 22.0 6.4 0 0
L 8 .6 0 1.6 9 48 43.9 13.0 o 0
LI 16 -5(3.0 34 %5.6 Z‘é.s 88 29.7 20.1 6 14.6
: | 8 2 81 41 0 © 28 2 8.1
8? : - ﬁ 1;,.3 0 0 9,6 0 0 g.; 0 0
R 16 20.1 48 43.9 16.8 0 0 1 0 _:,_o
: v . 0 .éfff 12.0 1l. .6 0 Lo
gﬁiﬁg 3 ég.g 6 14.2 13.6 g g 13.9 0 0
trolled. 16 29.4 48 43.9 20.5 6 14.2 15.8 | 0 0
G. oryzae. | |

H. 1.7 100 0.0 81.6 100 90.0 7.4 90 T71.6

ﬁ - g 39.1’; 100 go.va 97.2 100 go.o 27.7 98 gl‘c
» | 16 98.2 100 9.0 98.3 100 90.0 70.3 100 90.0
" ‘ 8.7 100 90.0 58.8 100 90.0 16.9 10 18.4

42% . 'é 58.2' 98 - 81.0 78.8 100 90.0 25.9 gg ﬁz.a
rooow 16 90.8 100 90.0 91.1 100 90.0 33.0 .4
8 . 2 06 1 . 18c 18 2 01 8.7 : 4 1105
2?5 . g ég.'u_ -95 815..3 36.3 98 ,Bg.o 12.56 © 0
* . 16 63.2 96 78.5 44.8 100 90.0 18.2 12 20.3
Bumidity 4 43.1 .96 78.5 37.6 98 81.0 21.6 24 29.3
£ 8 6.7 100 0.0 44.5 100 90.0 26.0 54 7.3
trolted 16 27.3, 100 ,30.0 52.? 100 90.0 33.7 78 éz.o‘

trolled
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TABLE 4.

Analysis of Variance of the Mortality Response.

Items Degrees Sum of Squares Variances Variance
of Ratio.
Freodom

Pregssuxe P 2 19266.27 0632 +63 307 xxx
Humidil ¢ty H 3 24418.88 8139.65 25.9 xxx
Exp. period E 2 514L,73 £571.36 8.2 xxx
Species 3 1 28088,.,45 28088,456 89,5 xxx
PxH 6 14354235 £39.20 L1 ne.s.
Px E 4 134 .62 3566 a4 NeBoe
PxS 2 981.51 490,75 1.56 nes.
Hx B 6 242 .96 40.49 21 NeSe
Hx S 3 4050481 135087 4¢3 xx
Ex 3 2 330 .20 165,10 41 NeSe
PxHxE 12 L2730 39 ) 227 « 53 4l HDeBo
PxExS 4 27732 ) 69.33 {1 NeSe
HxEx3 6 1899.14 ) 316452 1.0 ne.s.
PxHxS 6 5144412 ) 857355 2.7 x
PxHxSxBE 18 2506473 ) £208.89 {1 NeBe
Total 71 06648436
Exrror 40 12557.70 313.%4

xxx means significant at .1% probability level

XX

x

NeBoe

"

“ 1%
t 5%

not significant.



28,

TABIE 5.

" Analysis of Variance of the Water loas Responsee.

Items Degrees Jum of Squares Variansce Variance
of Ratlo

Freedom _
Pressure P 2 1521852 760926 154,65 xxx
Humidity H 3 £5424 .10 8474.,70 17241 xxX
BExpe. periocd E 2 4874,51 2437 .25 49,6 xxx
Spscles S 1l 11105.48 11105.48 226¢5 xxx
PxH . 6 3264 .68 544,11 11,04 xxx
Px E 4 136,49 418 Ll Nel o
HxE 6 36171 60.28 1e2 DeBe
Hx S 3 191,54 63.98 1eX® DNeRle
Ex S 2 8433 4.16 Ll NeB o
PxHXE 1e 342472 ) 28,566 Ll Nele
PxHxS 6 662437 ) 110,39 2e2 NS
PxSxE 4 85467 ) 21.42 il DeBe
HxSx B 6 408467 ) 6811 led D8,
PxHxSxE ig 470.54 ) 39421 Ll NeBe
Total 71 63312446
Error 40 196997 49425

xxx means significant at 1% probabllity level.

xx "

x L]

NeBo

1 f 1%
5%

not significant.

W
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Humidity Effect.
The results are given 1in Table 6. Both the responses

studled, depend on the humidlty maintained in the chamber.

TABIE 6.

Mesn Water loss and Mortality Responses

at vVarious Humiditlos.

'Humidity:f' Z Tater loss Mortallty in
' - Angular Unltse
5% ReHe 68.6 7543
45% " | 48.5 57 +0
85% * 19.5 2547

Humidlty nos
econtro lled. 29 ok 41.2

As the humidlty decreases from 85 to 6% R.H. the loss
of water as well as the mortallity increassa. The results
show that when the humlidity is not econtrolled, both the
reaponses &are intermedlafo‘between the responses produced

at 85 and at 457 relative humidities.

Perlod Effect.

The loss of water and the mortality are both lnoreased



&8s the exposure period increases from 4 to 16 hours. The

results are given in Table 7.

TABIE 7.

Mean Water Ioss_and Mortality Responges
When the Inneptlvwnré Ireated for Various Periods.

Exposure Period % Water lLoss Mortality in
in Hours. Angular Units.
4 Slet 397
8 41,6 49.4
16 6146 6043

The insects loge water at a greater rate during the

first 4 hours of exposure than later as they are treated

for incressing periods.
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Species.
Cs0ryzae are found to be more susceptible than

Cegranaria. The mean loss of water from C.orysae is
53.,9% of the water content of the insects, whereas
Cegranaria lose only 29,1%. The mean mortality of
Georyzee is 69.6 angular units (88%), while the
mortality of C.granaria is only 0.l angular units
(85%). |

Effect of Pressure at Various Humidities.

The results are given in Table 8 and figs.3 and
4, This interaction waz found to be significant at
«1% probability level for the water loss response,
but was not significant for.the mortality response,
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% W:ter loss at Mortality in angular
various pressures units at various
Humidity p prepsure
2em. 4 om. 8 onm. 2 om. 4 om. 8 em.
5 % R.H, 88.2 785} 39.1 86.9 85.0 54.0
45 % ¢ 71.2 54.0 20.2 79.4 67.6 24.0
BBy 28.0 21.7 8.8 37.8  32.7 6.7
Humidity
not con- 38.8 30.0 19.3 52.8 47.8 23.1
trolled.

The results show that at any Bne pressure, the loss

| of water and the mortality depend on the humidity maintained
in the chagmber. At 4 om. pressure, as the humidity
decreases from 85 to 5% R.H. the mean loss of water
inoreases from 21.7 to 78.3%, but at 8 an. pressure, with
the game 6hangos of humiditir the logs of water increases
from 8.8 to 39.1%, ehowing that the humidity ohaﬁges at a
pressuxe of 4 cm. affect the insecte more than the same
changes at a pressure of 8 om. At. 2 om. pressure, as the
humidity decreaged from 85 to 5% R.H., the water loss
inoreased from 28.0 to 88.2%, uilich is not very different
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from the effeet at a preasure of 4 em, At & humidity

of 45% R.H. the water loss increages from 20.2 to 71.8%,
when the pressure decreases from 8 to 2 cm. of mercury,
but at 85%Z R.H. with the same pressure changes, the water
16.- increases only from 8.8 to 28.,0%. The pressure changes
at 45% relative humtdity affect the inasects to a greater
extent than the same ohanges at 85% R.H. With ths game
pressure ehanges &t & 7% Re.He the ﬁxtor loas incraases from
39.1 to 88.8%. The effect dus to the pressure changes at
5% ReHe wasg ther.fox'opraotically the same as at 45% R.H.
At any ons pressure the mortality of both the species
increases as the humiditj decreases from 85 to 5%, and

at any one humidisy, tho mortality increases, as the

pressure decreases from 8 to 8 em. Of MOrowxy.

Effeot of Pressure on C.granarie and C.orysae
Ceoryzae wes found to be more susceptible than

C.granaria at the pressures tried. The results are given
in Table 9 and figs.5 and 6. -



TABIE 9,
Mesn Water loas and Mortality Response of
Cegranaria and C.orygae at various pressuress

% Water Loss at Mortality in Angular :
Specles Various Pressures. Units at Vnrious Preslurei
2 Gm? 4 em, "8 al Qille i 2 Cle Z 8 ome I
Cegranaria 48,9 0.4  13.9 . 48,1  33.4  Beb

d.orysae 70.8 6l.6 29,8 80.4 8%.1 45.2

This interaction was found to be significant at 1%
probability level for the water loss response, but was not
significant for the mortality respongse. The results show
that tho'ditforoﬁoo in the water loss between the two
species 1s greater at 4 cm. pressure than at 8 em. This
- appears to be assoglated with the greater effect of
treatment at a'prélsuro of 4 om, pressure on C.orygse.
With the decrease in pressure from 4 to £ cw. both the i
species are uffbctod %0 the seame extent and the 4ifference
in the loss of water 1l,pract1ca1;y the same at these two
pressures., The mortality of both the species ihcroaned
as the pressure decreased, and C.orysae gave higher

mortality response at 8l1ll the pressures tried.
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Effect of Humidisy on Cegransrie snd G.orysae.

It was found ﬁhat both the specles lose more water
and give higher mortality respense s the humidity
deoreases from 85 to 57 R.H. The results are given in

Table 10 and figa.7 and 8.
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TABIE 10.

Mean Water Ioss and Mortality Response of C.granaria
and ce.orysae at various humidities.

% Water Loss at various ¥Mortality in angular units
Specles Humidlties at various humidlities,
“5%  456%  ©b%  Humidlity 5%  45%  85% Humldity
R.H. ReHe RHe not Redo ReHe RaHe: not
Controlled .__Controlled
C.ggannria 5669 - 3362 Del 1643 637 4046 "BeT Ded

000!!"0 80,2 6Del 29.8 42.5 86.9 TS e4 44,7 T3el
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This interaction is significant at 1% probability !
level for the mortality response, but is not significant §
for the water loss response.

The water loss and the mortality of both the species
increanel.an the humidity decreasos, and C.orysae was

found %0 be uore iuacoptiblo than Ge.graneria.

Effect of axpgguré period on C.granaria and g.oryzae. i
The results are given in Teble 11 and figs.9 and 10. |

| TABLE 11. |
Mean Water loss and Mortality respouse of i
gsgranaria end G.orysse at various exposure 1

periods.

% Water Loas at varlous Mortallty in Angular Unlw

‘Specles  _Exposure Periods at Various Exposure Peri
' 4 hours & hours 16 hours 4 hours S hours 16 hours

Cegranaria 19.4° 28,7 39,1 217 2647 418 !
Ceoryzae 43,4  Bhed 6849 B7.6  72.2 78,8

This interaction was not significant for either of the
responses. st all the periods tried, C.oryseae was found
to be more susceptible than C.granaria, Both the specles |

lost more water and gave higher mortality responses as the
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oxposur; period lnoreased. C.oryszas lost water at the
average rate of about 11% of thelr water content per hour,
during the first four hours of exposure, whereas Cegranaria
loat water at the rate of only 6% per hour, in the same
period, and the rate of loss in both the apecies decreased

as the exposure period lucreased from 4 to 16 hours,

Effect of pressures at various periodse.

The results are given in Table 12 and fige.ll and 1R.

TABIE 12.
Mean Water Loss and Mortality of both the

speglies taken together, when tresated under various pressures

for different perieodsa.

% Water Loas &t Mortality in sngular
Exposure Various Pressures. units at various
Period in regsures
Hours. ¥ ame 4 em, & om, 2 om, 4 om, 8 em.
4 45.1 3446 1445 52.7 48.9 17.4
8 B7.0 47.0 20.6 64.7 59.8 R4.4

16 "~ 6746 56,86 3045 76543 66.7 39.0
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This interaction was not significant for either of the
responges. The results show that at any period, water loss
a8 well ag the mortality of both species increases as the
pressure decroetses, and at a particular pressure, both the

reapohses increase with the period.

Effect of humidity at various periods.
The results sare given in Table 13 and figs. 13 and 14,
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TABIE 13.
Mean Water loss and Mortality of both the spscies taken

together, when treated at various humidities for different periods.

Exposure % Water Logs at Varlous Hortality in angular units
period Humidities 8t various humidities
in hours % 45% 85% Humidity
R.He ReHoe R.He. not R.H. RJHe R.H. not
Controlled . Controlled
4 544 36468 1l 25,0 65,8 48.1 1l.d 33 o4
8 70,2 48.4 18,9 28.7 T5.2 5542 2740 40.2

16 81.0 60.4 28.2 26.5 84.9 67.7 38.8 5040
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Thisg interaction was not significant for either of
the responses. 4t any particular exposure psariod, both
the gpscles lose more water and give higher mortality as
the humidity decreases from 85 to 5% R.H. and at & particular
hunldity, the water loss and the moftality inorease with the

exposure periode.

Triple interaction.

The results are given in Tables 14 - 17. None of the
interactions were significant :or the water loss response,
and only one interaction between pressure, humidity and
spocies was significant at 6% level for the mortality
respnnseQ Ihis shows that esch factor produced its effect,

but did not modify the effect of other factors.
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TABLE 14.

Mean Water lLoss and Mortality of (O.granaris and g.orysase,

when treated under various pressures for different periods.

Expogure Species % Water lLoss at Various Mcrtality in angular units
© peried Presasures. at various pressures.
in hours ‘
2 ome 4 om. 8 cme 2 cme 4 om. 8 cme
4 ﬁg_zmx_-_i_a_ 304 19,9 7.8 36,9 263 R0
| (Q.orysas 59,8 498.2 2l.1 68.4 T1.5 3247
'8 (g.graparia 43.0 20,9 13.2 43,9 3046 5.5
(C.oryzae. 71.1 64.1 £28.0 85.5 877 4343
16 2g.granu'ia 55.3 4l.4 20.7 63.4 43.5 1844

‘Gcﬂf!l‘ﬂ 79.9 71.6 40.3 87.1 90.0 597
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TABIE 165.

Mean Water Ioss and lMortallty of C.gransria and O.oryzae,

when treated at variocus humidities, under different pressures.

Presaure # Wgter loss at Various kgrtality in angular units
in cm.of Speciss. Humiditieg. &t Various Humiditles.
mercury. ' Bk 45% ©85% Humidity 5k 4% Bb% Humldity
R'QH. Re.H. R.d.» not R.H. ReHo» Re.He nﬂt
‘ gontrolled Controlled
2 f(G.granlr.la 80s1 65666 13,1 22,0 83.9 71.8 17.3 19.4
‘ .
(Q.orzno 96.4 8549 42.9 557 90,0 870 58> 86.2
4 ((a-ﬁ!amiﬂ 64.3 31.8 10.2 15.4 80.0 45H.2 (1] 8.6
(GQOPIZ‘. 924 6.2 I33.2 44,7 90,0 9000 65.4 87 .0
8 20.gannr1a £6.5 13.2 4.4 11.4 7.1 4.7 247 0

(Googzsu 51.8 27.3 13.1 29.1 80,9 43.3 10,6 46.,2
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TaBIE 16.
Mean Water loss and &#ortality of both the specles taken together,

when treated at various humidities, under different pressures

for three expoaure pericds.

Pregsure Exposure % Water loss at Various Mortality in angulsr units
in cm.of period Humidities. at various Kumidities.
lsroury in hours b% 456p Ob% HAumidity Dk 4% Obs Humidlty
ReHe RJHe Rol. not ReHe ReHe ReHe not
Controlled Controlled
( 4 76.0 &7.9 16.7 29.7 80,8 79,0 11.7 39,28
2 (8 5.2 T0.9 £5.6 S8 .4 90.0 T6.3 40,5 S2.1
(16 95.5 84,9 41.6 48.4 90.0 82.9 6l1l.2 66.9
( 4 61.5 40.4 1ll.5 24.8 80.8 66.0 18.5 46.2
4 (8 8l.4 54.9 22.8 £9.0 84,2 66.9 40.5 45,0
- (16 gR2.0 66.8 30.8 6.3 90.0 79.9 45.0 2.1
( 4 2508 ' 11-6 508 14-6 55.8 9-2 9.8 1406
8 (8 36.1 19.4 8.4 18.4 5l.5 22.5 1Y) £23.6
- (16 56.5 29.5 12.1 24 .8 4.6 40.3 10.1 31.0




Mean Water loss and kortality of O.granaria and O.oryzae,

4E.

TABIE 17.

when treated at Various Humidities for differemt periods.

Exposure » Water loss at Various Mortality in angular units
period Specles Humldltles. at Varlous Humidities.
in hours ) a Fumidily Gz 4 £% Humldity
ReEs ReHe ReHo not Relle Relie ReHe not
Controlled : Gontrollsd
t@.gganaria <87 21.9 4.9 12,0 47.7 30,0 5.4 S8
4 .
(6.01’!“0 TOe2 5Bleb 177 S4.) 3.9 6€.1 17.3 62,9
ggosrlmia £58.1 3245 8.4 14.9 638 I8.5 0 4,7
8 L ‘
(aoor!u' 8l.4 6403 29.8 42 .4 87.0 72.0 5400 7.8
fg.granaria T3.1 47.2 14,3 21.9 798 53.2 1l4.6 19.4
16
(G.oryzae 88¢9 738 42.1 5l.1 90,0 82.1 62,9 80,7
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DISCUSSION

A search in the literature will show that most of the
work on the effect of reduced pressures on insects has
been based on the mortality responses obtained. It was
Cole (1909) who first pointed out that insects, when
subjected to reduced pressure, died by reason of
desicoation, He realised the importance of a moist or
dry atmosphere in the chamber under low pressure, but made
no attempt to find out the water-loss from the insects under
thoge conditions. Cotton (1925) observed that some larvae
appeared to be dried when taken out of the chamber after
treatment under reduced pressure. He found that adults
of all the species of insects that he tried, dried up
with an exposure of 7 hours, while certain larvae could
survive exposure of even 24 hours to the same reduced
pressure, These results could have been explained by
actually measuring the water-loss from the treated
inseots, but Cotton did not attempt this measurement.

Iutz (1929) was apparently the first worker to demonstrate
that insects lose water when subjected to low pressure,
but he also did not measure the water-loss from them.
Fisk and Shepard (1938) were able to reduce the mortality

in the control set of insects in their experiments from
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16-20% %o below 1% by exposing a 1little water in the
chamber at reduced pressure, thus sﬁowing the importance
of the evaporation of the water from the insects' bvodies.
The importance of measuring the water-loss from the
insects was realised by Livingstone and Reed (1940) who
found that the inseot morfality depended on the amount
of the water lost. They showed at a pressure of 2 inches
of mercury and for an exposure period of 8 hours, the
water lost and the mortality response were greater in
the dry than in the wet atmosphere, other conditions
beling the same, |

The present ihvestigation is the first in which an
attempt has been made to maintain definite humidities in
the chambers under reduced pressures, and systematically
to study the effect of reduced pressures on the insects
with reference to loss of water from them and the
mortality response produced. The results sre consistent
with those of Livingstone and Reed (1940),
| We see from Table 8 and Figs, 3 and 4 that at any
particular humidity, the loss of water as well as the
mortality increased as the pressure decreased, and at any
pressure, howsver low, both the responses depended on the
hurmidity maintained in the chamber. It is found that at

8 cm. pressure, the water-loss increases from 8.8 to

39,1% of the water content of the insects, when the
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humidity decreases from 85 to 5%, whereas at 4 cm,. pressure
the water-loss increases from 21.9 to 78.3%, with the

game huni@ity changes, QThe différenoa in water-loss at
these two pressures shows the extent to which the insecots
are affeoted by these pressures, Ixposure to a pressure
of 4 cm. produced a greater effect on the insects than
exposure t0 a pressure of 8 om. &t both 45 and 5%
relative humidities, The difference in the water-loss
with the decrease in humidity, at 4om. pressure is
practically the same as at 2 c¢m, pressure, which shows
that the humidity decrease from 85 to 8% has affected

the insects to the same extent at these two pressures.

At 85% R,H, the water~loss inereases from 8,8% to

28.0% when the pressure decreases from 8 to 2 om.,

whereas at 45% R.H, the same pressure changes increase the
water-loss from 20,2 to 71.2. This shows that 45%
relative humidity éffeots the insects to a greater extent
- than 85% RH, at 4 and 2 em. of mercury. At 5% R,H,

the water-loss increases from 39,1y, to 88.2% as the
pressure decfeases from 8 to 2 cm, of mercury. This shows
that the pressure changes at 45% and 5% R,H, affect

the insects to nearly the same extent. In view of these

results, it 1s concluded that 5 - 45% relative humidities
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at 2 = 4 om, pressures produce greater response than

the same humidities at 8 cm. pressure, or 85% RH, at

2 «~ 4 om, pressure, The mortality of both speciles
increased as the humldity or the pressure decreased,
keeping the other factor constant. When the humidity
in the chamber was not controlled, both the responses
produced with the pressure changes were found to be
intermediate between the responses produced at 85 and
45% R,H, The results thus show that the humidity in
the chahmber plays an important part in regulating the
water-loss from the inseets. In small chambers of esbout
1 litre capacity, when the insects are treated under the
reduced pressures, they lose sufficient water to raise
the humidity, and the insects then again regulate their
water-loss, thus emphasizing the lmportance of
controlling the humidity in the small chambers, or
alternatively, doling this kind of experiment in big
chambers, where the humidity will not be appreeiably
altered by the water given of'f by the insects.

Adults of C, orvzae were found to be more susceptible
than those of G, granaris under the conditions tried
(Table 9 end Figs. 5 and 6). Salmond (1951) and Hahal
(1952) obtained higher mortality response with C,. orvzae
than with C, granaris when treated under reduced pressures
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of 2 - 8 om, of meroury. High mortality results of

G . orvzaa appear to be associated with a more severe
desiceation than that suffered by O, granaris. Both
species lost more water as the exposure period inereased
from 4 to 16 hours (Table 11 and Figs. 9 and 10), but

it is interesting to note that during the first 4 hours
of exposure £, orvzse lost water at a greater rate than
L. arangria, but the rate decreased asymptotically to
that of C,. zpranaria as the period of treatment increased |
from 4 to 16 hours. The rate at which the water is lost
plays an important part in altering the humidity in

the small chamber. As G, orvzae lose water at a greater
rate than C, gpanaris, their share in saturating the
atmosphere in the chamber will be greater, and C, sranaria
will thus be at advantage 1f adults of the two species
are treated together, when the humidity is not controlled,
Mortallty caused by desiccation of course depends on

the water-loss from the inseets. Any factorvtﬂhat tends
to reduce the water-loss reduces the mortality also.

At 4 mm, pressure the water-loss and mortality are
considerably less than at 2 om. pressure, which was

found to be most effective, When the insects were

subjected to 4. mm. pressure for as long as 48 hours,
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Co. eransrls and S, orvzae lost only 181.% and 19.4% of
their weter content respectively, and the mortallty
was 26% and 40% respectively (Table 2). Moore and

Carpenter . (1938) found that C, orvzae at 1 - 2 mm,
prassuigwgs;ﬁééfless hydrogen cyanlde and suffered a
lower mortality than at 6 om. pressure. They attributed
these results to some kind of physical effect of the low
pressurs on the insects, such as collapse of tracheas.

The water-loss and mortality results obtained lend sunnort
to their hypothesis. It is probably a collapse of the
tracheae that reduces the loss of water and, in a

fumigation, the sorption of fumigant, and in fact, sorption

of hydrogen cyanide 1s considerably less at 2 mm. than

at 6 om, pressure. G, granaris and C, orvzae are affected
by the reduction of pregsure up to certain limit, beyonéZAkA
the inseots are less affected., It 1s therefore advisable
in practice to try only those reduced pressures which

have been found to produce the greatest response,
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SUMMARY

The literafure on the effect of reduced pressures on
the inseots 1s reviewed,

The method of studying theAwater—loss from the'insects
and controlling various humidities tried, 1s deseribed.

Analysis of wvarianee of the results is carried out
and it is found that the water-loss and mortality of
C,. granaris and C, orvzae increase with the decrease in
(1) pressure from 8 to 2 ecm. of Hg,, and (2) humidity
from 85 to. 5%,

| £, orvzae were found to be more suseeptible than
L. aranaris. They lost more water and gave a higher
mortality response,

With the increase in exposure period, both the speciles
lost more water and gave higher mortality responses and
the rate of water-loss which was grester during first
4 hours of exposure slowly deoreased as the period of
expogure incressed from 4 to 16 hours.

With the increase in the water-loss from the insects,
the mortelity in both species also inereased.

It was found that at 4 mm, pressure, the water-loss
as well as the mortality of both species was considersdly
less than thet at 2 - 8 om. pressure, This effect may be
caused by some kind of physical reaction, such as the

collapse of the tracheae at that pressure,
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INTRODUCTIOR

| Ingsects damage crops in the field, and commodities in
storage worth millions of pounds every year throughout the
world. There ig a constant "war® going on between the man
and his enemy, the insgeot. Many methods are being tried
and 'fumigation', i.e, subjecting the insects to the effect
of the polsonous gases, is certainly one of the oldest ad
best method of killing the inseots in ‘closed' spaces.
The polsonous gases enter the inseots'! bodies, through the
spiraoles and poison the ingects. The amount of gas
entering the ingects' body, will depend smong other
conditions on the activity of the insect. Better results
can be obtailned, if by some means, the inseots are forced
to keep the spiracles open, or increase their respiratory
rate, while they are subjeoted to the effeot of the
polisonous gases.

Oxygen deficient air has been shown to provide some
kind of stimull, which keeps the splracles open for a
long time, or increases the respirgtory rate of the
insects (Wigglesworth, (1935), Babak and Foust Ka
(1907) end Buddenbrock and Rohr (1923)). OCotton (1932)
and Cotton, Wagner and Young (1937), concluded that oxygen
deficiency in the fumigation chamber under reduced pressure,
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wag the factor that had a marked effect on the respiration
of the insects and rendered them more susceptible to the
effect of the fumigant. Subjecting the insects to red&ced
pressures, is indirectly to subject them to oxygen deficlent
alr, which increages thelir respiratory rate by an amount
depending on the pressure maintained in the chamber. In
that state, if the insects are subjected to the effect of
the fumigant, they should sorb more gas. Fumigation under
reduced pressure is based on the above principle, and is
an improvement on the old technique of atmospheric fumigation.
Though this method of fumigation has been in use in
America and other parts of the world, since 1915, practic-
ally no information is available on the influence of
various reduced pressures on the sorption of the poisonous
gases by the ingects. Moors and Carpenter (1938), appear
to be the only workers to find out the amount of hydrogen
cyanide sorbed by the ingsects at reduced pressures.
Flsk and Shepard (1938) found that the median lethal

dose of methyl bromide for Tribelium oconfusum decreased as

the pressure in the chamber decreased.

In view of the scanty information available in the
literature, it was felt that gome light would be thrown
on the proceas of fumigation under reduced pressure if

the amounts br the gas sorbed by the ingects, were
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determined as well as the corresponding mortallity.
The insecta chosen for the investigation were the

adults of Calandra granaria and .C.oryzae and the fumigant

was hydrogen cyanide which has the dual advantages of easge
of manipulation and determination.
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Review of the literature.

In this problem it has been found convenisnt to
divide the literature in two soparate parts, one dealing
with the fumigation with hydrogen gyanide uhder reduced
pressures and at atmospheric pressure, and the other part
dealing with the recovery of hydrogen ocyanide from the
fumigated insects and other materials, and its determination.

Fumigatlon with Hydrogen Cyanide.

Fumigatlion of stored products and other materials with
hydrOgen cyanide 18 atill a common practice, and often
provides a practic#; method of kllling the inaaect pests,
Hydrogen cyanlde has been in use for nearly 75 years, and
though & oonsiderable number of other fumigants have been
tried and adopted for certain purposes, e.g. methyl bromide,
carbon disulphide, ethylene oxide, carbon tetrachloride
etc., hydrogen cyanide continues to be widely used, chiefly
because of i1ts high toxleity to the 1lnsectis.

Fumigatlon under reduced pressures, or 'vacuum
funigation' as 1t is called, 1s practiced in U.S.A., France
and to a limited extent in other parts of the world. The
method originated 55 years ago and hydrogen cyanide, which
wag the fumigant first chogen, ls still of ten used.today.

Acgcording to Strand et al (1937), hydrogen cyanide

was uged as early as 1877 to kill mugseum pesta, but its
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first use at reduced pressurs, was by Sasscer and Hawking.
in 1916. Most workers have concentrated on the use of
hydrogen c¢yanide under reduced prasaﬁres, in large scale
funigation and have concerned themselves with the complete
control of the pests doing the damage. (Sasscer & Hawkins
(1916), Sasscer & Sanford (1918), Sagscer & Dietz (1918),
Nagel (1921), Smith (1923), Hagan (1931), Crumb & Chamberlin
(1933), Rocel (1834), Young, Wagner and Cotton (1935),
Lindgren (1936), Mclaine & Munro (1937,1939) and
Brubakar & Reed (1943).

There 1s praoctically no information available on
the fumigation of insects with hydrogen cyanide under
reduced pressures involving more than one factor. Moore
and Carpenter (1938) found that the percentage mortality
decreased as the air pressure increased. They also found
that at atmogspheric pressure, a concentration of about
6 mg. per litre waa required to produce 95% mortality of
T, confugsun in & 10 minute exposure period, while at
l-2 mm aiy ﬁressure, a dosage of only 0.44 mg. per litre
wag suffliocient to produce the gsame kill.

The same workers in another paper on the gsorption
of hydrogen cyanide by the insects showed that there were
pronounced differences among the different specles of

ingects, both in the manner in which the fumigant was
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sorbed, and in the émountn taken up. They found that
the inseots which were known to be diffiocult to kill,
sorbed less hydrogen cyanide than did susceptible ingects.

Filak and Shepard (1938) found that the median lethal
doges of methyl bromide for T. confusum inoreased as the
alr pressure in the ohamber increased, from 2 em. of
mergury to atmospheric pressure. Salmond (1961) found
that O.granaria and O.ogizae showed higher mortality
response under reduced pressures than at atmospherie
pressure, when fumigated with hydrogen ocyanide. She was
also able to show from the mortality responses of
Ge.granaria and O.orysae, that the technique of sustainsd
vacuum fumigation was more effective than the technique
in which the vacuum i3 disalpated in the process of
adnitting the fumigant.

Shepard (1939) states that "the granary weevil
(Cegranaria) is in general more resistant to fumigants
than the rice weevil (C,oryzae). Busvine (1942) found
that the median lethal dose of hydrogen cyanide in
atmospheric fumigation for O.zranaria was 22 mg. per
litre, whereas for Q.orysae, it was 24 mg. per litre at
2506, when exposure period was 1 hour. Busvine's results
appear to contradiot the general statement of Shepard,
but at reduced pressure, 6 om. of mercury, S.gryzae has
been found to be more susceptible to hydrogen oyanide
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than Cegranaria. (Moore & Carpenter (1938), Salmond (1951)).
Thias shows how the same insects behave in a different way,
under different conditlons of the fumigation, eagh of

which should be carefully controlled in an investigation.

Regovery of hydrogen gyanide from fumigated

ingects and its determination.

Fumigation, as a practical method of controlling
ingects, i3 an ancient practi&e but moat investigations
have been coufined to applying known doses of fumigant
and noting the mortality response. Until 1938 (Moore and
Carpeater ) no attempt was ever made to study the sorption
of the fumigant by the insects. It was in 1944, that
Sinclair and Ramsay first standardised a method for the
determination of the minute amounts of hydrogen cyanide
from the fumigated inseots with pieoric acid, and Iindgren
and Sinclair made the first attempt to recover and
quantitatively determine the fumigant from fumigated scale
ingects.

The pleric acid method for determination of hydrogen
cyanide was used by Foy and Hyde (1937) and Nowosad and
MaoVicar (1940) for determination in the oyanophoric
plants. These authors inoubated the plant material for
24-48 hours at 30°C in a sealed tube, from the top of

which was suspended a moiast filter paper treated with
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&lkaline picrate solution. The hydrogen ocyanide evolved
changed the eoldhr of the paper from yellow to reddish
yellow or red, depending on the amount of hydrogen cyanide.
The colour was extracted in water and the coloured asolu-
tlons compared with sbandard solutions. Waller (1910),
Adriano and Ynalvex (1932), Sullivan (1939) and Hogg and
Anlgren (1942) also used alkaline picrate in hydrogen
cyanide determinations. Sullivan (1939) improved the
method by measuring the colour intensity on a photometer.
He reported that there was a greater sensitivity at lower
concentrations of hydrogen cyanide, and suggested that
aliquots eontaining more than 0.2 mg. of hydrogen cyanide
should not be used.

Lindgren and Sinclair (1944,1945) and Pradhan and
Bhatla (1951) are the only workers to use the alkaline
plorate method for determining the hydrogen cyanide
recovered from fumigated insects. Lindgren and Sinclair
(1944) recovered more hydrogen cyanide from the non-
reslstant scale insects than from the resistant ingects.
They also recovered more hydrogen cyanide from the pupae

of the walnut husk fly Rhagoletls completa, when fumigated

at low relative humidities (15-20% R.H.) than at high humidities:

(70-90% R.H.)-the same workera (1945) found that the recovery
of hydrogen oyanide from fumigated house fly pupae
(M.domestica) varied with the age of the pupae, They
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showed tnat there was a definite inorease in the amount
of hydrogen cyanlide recgovered from the pupae with age.
The greatest recovery was from pupae which were from

5-8 days old. Less hydrogen cyanide was recovered from
pupae o=5 days old, the recovery from which was about the
game as that from pupae 1-3 days old.

Pradhan & Bhatia (1951) found that the more resistant
insects needed & higher external goncentration of hydrogen
cyanide in the chamber. They are the first workers to
attempt to make & balance sheet on the sorption and
recovery of hydrogen cyanide from fumigated insects, and
conoluded that the sorption was greater than the recovery
and the difference was the amount of hydrogen oyanide
which was chemilcally changed into a gompound, from which
it was not possible to recover hydrogen cyanide by
distillation.

Bxcept for §hese few references, there appears to
be no other paper on the sorptioa or recovery of hydrogen

gyanide from fumlgated ingectse.
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MATERIALS AND METHOD.

Chemical Msterialg.
1, Hydrogen cyanide. 2, Sodium carbonate solution,
3. Picric acid solution, 4. Sulphuric acid.

5., Potassium oyanide solution.

Adults of C, granaxris and £, orvzae.
1. Hydrogen ovanids.

Liguid hydrogen cyanlde was used in all the
experiments, Small ampoules of thin glass were filled
with the liquid and seeled at the tdp. The empoules were
weighed before and after filling, the welght of liquid
hydrogen eyanide being obtained by the difference,

In use the smpoules were introduced into the
fumigation chambers end broken by shaking at the beginning -
of the fﬁmigations. The dose of hydrogen cyanide was
calculated from the welght of the fumigant and the veolume
of the chamber and was subject to an error of 1 1.5 mg. per
litre, on account of the diffieulty of filling ampoules
with exactly the requlired weight of the fumigant.

2. Sodium carbonate solution.
A 5% solution of sodium carbonate was used to absorb
the gaseous hydrogen cyanide. It was prepared by

dissolving 25 gm. of sodium carbonate (analar) in a small
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quantity of water, transferring the solution to a 500 ml,
volumnetrie flask, and meking up to the mark with
distilled water. I ml, of this solution was Introduced
into a micro-séitered glass bubbler by using a 5 mi,
syringe and about 2 ml, of water were then added so as

to cover the swhtered glass dlsc with solution.

5. Eleric acld solution.

A 1% pioric acid solution was prepared and used as
a colorimetric reagent for hydrogen cyanide. The
pronortion of pileriec acid and sodium carbonate solution
was kept the ssme ags that suggested by Sinclair and
‘Ramgay (1944), 1 ml. of picric acid and 1 ml, of sodium
carbonate solutlons were measured out from separate

stock solutions and mixed, when needed.

4. sSulphurio acid.

.10 N, sulphuric acid solution was prepared by diluting
27.8 ml, of ooncentrated.sulphuric acid to a volume of
100 ml. 1 - 2 small drops of the 10 N, solution were
added to the 3 ml, of water which covered the ecrushed
insects in the diskillatlon tube and from water thus
acldified the hydrogen ocyanlde extracted from the insects

was removed by distillation in a ocurrent of air.

5. Z£otagssium cvanide sgolution.

Potassium cyanide solution was used for preparing
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the colorimeter calibration curve. 1 ml, of the standard
solution containedn324 mg. of potassium cyanide,
corresponding to 0,135 mg. of hydrogen cyanide. .Known
amounts of the solution were messured out iﬁ labelled test
tubes, using a 5 ml. microburette, graduasted to O - 01 ml,
The colours were developed and the calibration curve
prepared by plotting mg. of hydrogen cyanide;ggzgings

of the colorimeter.

Bilologlaeal material.
The experimental inseocts were sdults of Cglandrs
granaria and Cglandre orvzae. The insects were bred as

described before and 3 - 4 weeks o0ld adults were selected
at random from the storage bottles for fumigation,

Sex of the insects was not taken into consideration.

100 inseects of each snecles were uged for an experiment
on the recovery of hydrogen cyanide after fumigation and
another set of 100 inseocts wes kept for determination of
the mortality response. The insects were separated in
specimen tubes and kept in the constant temperature and

humidity room for 1 - 2 hours or more before fumigation.

Determination of hydrosen oyanide recovered from the
fumigatied ingects:-
Zechniagve.

The technique adopted in the present investigation
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was prectically the same as that standardised by Sinoclair
and Ramsay (1944), the broad principle of which was the
formation of a colored compound, an isopurpurate, by
golutions of alkeline picrate and cysnide on heating.
Hlandiwetz (1859) was the first to note the formation

of isopurpuric acid. The reaotion may be formulsted as

follows '~
CgHzNZ07 +3KCN+3Ha0 —  CgH KiN50g+C0oNHzZ+2KO0H
Pieric acid Potassium isopurpurate.

The sodium carbonate solution containing the unknown
emount of c¢yanide recovered from the fumigated insects
by cool aeration and distillation is taken in a test tube,
1 ml, of 1% pieric acid solution is added, and the volume °*
then brought to the 10 ml, mark, If necessary, The tube
is shaken to mix the resgents properlvy and then nut in
the boiling water bath for exaotly 3 minutes. The tubes
are shaken 3 « 4 times, whilé the colour is belng
developed, The solutions are tasken out after the 3 minute
heating period and kept in the constant temperature room
for sbout 2 hours to oéol. This period between heating and
the instrument reading was found by Sinclair and Ramsay
(1944) to give more consistent results than a shorter period.
Each solution is then diluted to 25 ml., being the final
volume of the solution ready for the colorimeter reading,

For dilution, the solution is transferred to a 25 ml,
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volumetric flask, the tube washed 3 timaé, the wash water
also added to the solution in the flask and the solution
brought to the mark, The water used for the dilution is
also at the same temperature as that of the solution,
being stored in the constant temperature room. In this
way, temperature differences have been avoided and the
temperature of the dilute solution is always about
259C, irrespective of the fluctuating temperature of
the laboratory. The colorimeter readings are taken
immediately after the solutions are diluted to the final
volume, The colour kntensity of the various solutions is
meaéured on the "Spekker" colorimeter, using green
filters and 1 em. cells to hold the solution,

All the unknown solutions were compared with the
blank, wh@ch was prepared in exaotly the same way as
the stahdard solutions, except that solution of potassium
cyanide was not added, The ealibration curve was
prepared with known amounts of the potassium eyenide
solutions, the colorimeter readings were plotted against
the mg, of hydrogen oyanide (ocorresponding to the
potassium cyanide) and the ourve thus obtalned (Fig. 2)
was used to read off the amount of hydrogen cyanide in
mg. from the colorimeter readings of the unkmown solutions,
All the batches of fumigated insects used for the

recovery of hydrogen cyanide were welghed before
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treatment and the proportion of hydrogen cyanide

recovered from them was expressed as mg./g. body wt.

The effect of the following factors on the intensity
of the colour, which is produced by heating the alkaline
piorate and the cyanide solution was determined,

1. Different volumes of the reagents,

2, Different initial volumes.

3. FPeriod between heating and taking the colorimeter

reading.

1. Egffect of diffevent volumes of the reagents:-
1 millilitre of 5% Nageogz solution to 1 ml, of 1%

pleric acld solution is the proportion suggested by
Sinclair and Ramsay (1944) to determine minute amounts
of hydrogen cyanide-keeping the volume of any one of the
reagents oonstant, 1.,e, 1 ml., the volume of the other
roagent was changed to 0,5, 1 and 1.5 ml.,, and the
effect on the intensity of colour was found. Known
amounts of standard potassium cyanide solution were
added to the alkaline picrate solution and the volume
brought to 10 ml, The heating period was 3 minutes and
the hot solutions were allowed to cool in a constant
temperature room for 2 hours., The remaining procedure

was the same as that desoribed previously. The results

are given in Tables 1 and 2,



TABLE 1.
e £ different smounts o
e _golo
Jntengity.
HCN in mg,(KCN Colorimeter readings

solution uged)

.5 mli,picric 1 ml, pleriec 1.5 ml, pieric|

acid acid acld
008 008 012 018
048 .118 .155 .19
096 23 - «38
o144 343 478 «545
«192 423 087 .718‘
»240 49 .76 .902

288 .558 855 1.015




ZABLE 2,
Tere 8.0
1 bonate so the co
Jdntensity.
HCN in mg, (KON Colorimeter readings
gol. used)
S ml, 1ml, 1.5 ml,
NAoCOs NasCOs Na5CO03
008 01 .01 01
.048 .15 1486 145
.096 314 311 .23
144 48 45 237
192 648 «585 «575
.240 «796 : o742 ,705

.288 .908 .849 833




70,

From Table 1 we see that the colour intensity varies
with the amount of pleric acid solution used, when all
other faétors are kept constant, The colorimeter readings
are higher when 1,5 ml, of the plerle aseid solutlon
are added than with 1 ml, and lower when .5 ml. is added.
When 1,5 ml, of sodium carbonate solution are added
the colorimeter readings are practically the same as
when 1 ml, 1s added but are slightly higher when 0.5 ml.
1s added. (Table 2)

This ghows the importance of rigidly keeving
congtant the vo;uma of any reagent that 1is useﬁ in this
colorimetric method of determining hydrogen oyanide,

In all the experiments the volumes of pieric acid and
godium carbonate solutions were kept constant at 1 ml.

of each reagent.

2. Effect of different initial volumes.

The initial volume of the unknown solution as
suggested by Sinclair and Ramsay (1944) is 10 millilitres.
Some experiments were carried out to find the effect of
different initlial volumes on the intensity of colour
with known amounts of potassium coyanide solution, when
the final volume was 25 ml. and all other factors were
kept constanﬁ. 5 mli,, 10 ml,, and 15 ml, were the three

initial volumes chosen, The colours were prepared as

previously described and the oolorimeter readings taken.
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The results are given in Table 3,

JABLE 3
E ere it olume
e _colo te .
HCN in mg. Colorimeter readings
5 ml. 10 m1, 15 mi,
012 048 .03 .024
024 096 .07 .054
,036 - 147 .105 .085
048 2 .142 1 117
.06 o241 .185 .16
072 3 .233 .202
084 «35 274 .235
096 «383 .30 .26
.108 436 35 .201
0 45 o374 31

The results show that the change in the initial
volume also affects the development of the colour, The
colorimeter readings are lower when the initial volume
1s 15 ml. than when it is 10 ml,, and higher when it is’
5 ml, (Table 3). These results emphasize the importance
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of keeping the initlal volume constant, The volume

chogen was 10 ml, in the present series of experiments,

3. E_ the od between heati nd _colo
rene olo congistency.

Unknown solutions are heated for 3 minutes in the
boiling water bath to develop the colour. The hot
solutions are allowed to cool and then brought to the
£inal volume of 25 ml, before the colorimeter readings
are takern. It was oonsidered important to investigate
the effect of varying the period between heating and
takihg the colorimeter reading. The period sugrested by
Sinclair and Ramsay (1944) was 2 hours. The solutions
containing known amounts of potassium oycnide were heated
for 3 minutes and kept in a constant temperature room
for about 14 hours, after whioh they were diluted to the
final volume of 25 ml, and fhe colorimetor reasdings

taken, The results are given in Table 4,
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IABIE 4
Effect of 14 hours peried between

ki acolor ar readi

[s] t itv.
HCN in mg. Colorimeter readings,

14 hours period 2 goy§§ period :
igs.from igs from

Tgble 3 Table 2

006 015 012 01 -
048 «157 «155 .146
.096 .298 - 311
e144 468 478 .45
192 627 .587 .585
+240 756 .76 .742
.288 857 | 855 .849

We gee from Table 4 that a period as long as 14 hours
has practically no effect and the colour formed appeared
to remaln stable for this long period. The same dilute
solutions Just referred to were kept in a constant
temperature room for a further period of 48 hours, after
which the readings were taken again, The results are

given in Table 5,
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TABLE S5
Effe 8 _ho eriod betwee
) ) ¢olo
intensity.
HCN in mg. , Colorimeter readines,
Readings taken x Readings taken after

immediately | 48 hours
006 015 017
.048 157 157
,096 298 ._295
J144 .68 | /464
192 627 .818
240 +756 74
.288 - .e57 843

x Tigs, taken from Table 4,

A glance at the table shows that the readings are
very slipghtly lower when taken after about 48 hours.
The colour developed remains substantially unaffected for
a3 long as 48 hours, In the experiments reported in this
thesls, all the readings were taken within 2 - 4 hours

after the solutions had been heated.

Tamperature effeck:-
Sinclair end Ramsay (1944) found that a rise of

temperature caused an increase in the reading, but that



75,

this rise was small in comparison with the temperature
increase, Temperature differences were avoided by
keeping the hot solutions in the constant temperature
room t0 cool and by diluting with water kept in the
constant temperature room, The colorimeter readings
were taken lmmedlately after the solutions had been
diluted. |

Filters:-

The solutions usually to be compared were of two
colours, yellow and reddisb yellow or red, Various
filters were tried, and it was found thet green filters
as suggested by Sinclair ard Ramsay (1944) were the most
suitable. They covered a wide range on the colorimeter,
corresponding to the minimum of .006 mg. and the maximum
of .3 mg. of hydrogen oyanide,

Various solutions oontaining knowm amounts of
potassiun cyanide were prepared and the colorimeter
readings taken with different filters. The results are
given in Table 6 and Fig, 1,



Blue green filters.
Greehn "
Yellow greecn
Yellow ”

Celourimeter readinhgs.

o .05 10 5 20 ‘25 30
HCN (mg)

Fig.l -~ Comparison of the sensitivity of the

colourimeter using various £ilters,
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TABLE 6
Colorimeter readings with diffevent
Siiters.

HCN in nmg. Colorimeter readings with diff, filters.|

Blue-green Green Yellow-green Yellow

.0086 .026 017 * 011 -
048 215 157 .076 035
.098 402 +295 W4 063
o144 +635 464 .219 .10
192 .84 .618 .284 133
.240 - _ .74 .34 .157
.288 - 843 384 .18

x These figs taken from Table 5,

We see from Fig, 1 that the blue-green filters were
the most sensitive bubt oyaride concentrstion up to only
0.2 mg. of hydrogen ecyanide could be measured on the
colorimeter wlth these filters. With green filters 1t
was possible to meamsure up to 0.3 mg., of hydrogen cyanide,
and they were as sensltlive as the blue-green filters.

For all colorimeter readings of unknown solutions and of
the stendsrd solutions, green filters were used. Yellow-

green, and yellow filters were found to be useless, f
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CALIBRATION CURVE:

6.511 gm. of potassium cyanice (from British Drug
Houges Ltd.) were dissolved in a small auantity of water,
which was then transferred to s 1 1litre volumetric
flask and the solutlon diluted to the mark, .50 ml, of this
stock solution were taken in a 1 litre volumetric flask
and diluted to the mark. This dilute solution was used
for the preparation of the oalibration curve. The
potassium oyanide solution so prepared was first
standardised with silver nitrate solution. The procedure
adopted was that desoribed by Vogel (Quantitative
"Inorganic Analysis" P, 328), Silver nitrate solution was
standardised with sodium ohloride solution using
potassium chromate as an indieator (Vogel, P, 311 - 312),
Potassium eyanide was found to be 99,56% pure.

1l ml, of this dilute solution will contaln 0,324 nmg. of
potassium cyanide, corresponding to 0,135 mg, of HCN,
Graded volume of this solution ranging from 0,05 to 2 ml.
were taken in separate test tubes from a 5 ml. micro-
burette graduated to .0l ml. 1 ml. of 5e sodium carbonate
solution and 1 wl, of loipicric acid solution were

added to various measured quantities of potassium
cyanide solution, and the volume brought to 10 ml, All
the éolutions after shaking were heated in the boiling
water bath for % minutes, During this heating period



readings.

Coiourimeter

o -05 10 ‘15
HCN (mg)

Pig.2 - Celibration Curve,

20

25

30
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the solutions were shaken, The solutinns were kept in
a constant temperature room for about 2 hours to cool,
and were then diluted to the final volume of 25 ml, and
the colorimeter readings taken imediétely, comparing
the colour inténsity with that of the blank., DUJupliocates
were prepared and the results are given in Table 7 and
Fig, 2,

KCN sol, HCN in ng, Colorimeter readings,

in mg.
lat sapple . 2nd gemple AMesn,
.05 ,007 015 015 015
.2 027 .085 .086 .085
.6 081 .263 .261 .262
.8 .108 349 - 549
1 135 254 . .454
1.2 162 .54 536 .538
1.4 ,189 612 632 .622
1.6 216 .67 - .67
1.8 247 772 793 782

2.0 270 .856 .830 843
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¥ean repdings of the solutions containing knovm
amounts of potassium cyanide were plotted against mg. of
HCN (corresponding to the potacsium oyanide). The curve
thus obtained was used for determining the amounts of
hydrogen oyanide in the unknown solutlons, A4l1l1 the factors
involved in the colour development were carefully
controlled and adhered to, while working with the unkmown

gsolutions.,

Distillation of unfumigsated insebts.

The alkaline picerate method of determining the minute
amounts of hydrogen oyanide is quite sensitive and can
be uaged to determine even as small a cuantity of hydrogen
cyanide as ,006 mg, of HON, The defect of the method is,
thét it is nét specifiec, Any reducing égmpound Cee
aldehydeé, ketones, hydrogen sulphide, ete,, if distilled
over, also form a ooloured compound with alkaline plorate
on heating, Pradhan' Bhatia (1951), working with
Trivolium confusebn found.that certain ‘volatile reducing
compounds were carried over with the distillate and
affected the colour intensity,

In view of the fact that certain insects give off
volatile reducing compounds it was found essential to

determine if any such compound came over with the
distillate from C. graneris and C, orvzae. 200 live
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insects (100 of each speciés) were crushed in two
distillation tubes and the alr consfantly vassed threcugh.
Ag soon as the insects were orushed, which took about

15 minutes, the distillation tubes were put into the
boiling water bath and elr passed at the rate of asbout
10 m1, per minute'for about 30 minutes. The bubblers
contalring sodium carbonate solution were kept in an

ine bath., After 30 minutes of distillation, the contents
of the bubblers were trangferred to test tubes with

2 - 5 washings. 1 ml. of picric acid was added and the
volume.of the solution brought to 10 ml, The solutions
were heated for Z minutes in the boiling water bath, and
the remaining procedure vias the same as that desoribed
previousxy; I% was found that the colorimeter reading
was zero when theze solutions were compaved with the>
blank, orepared with 2 ml. of alkaline picrate.
Distiilation of unfumlgated insects was ropeated 3 times.
Thegse results show that the distillate of C, gransria
and G, orvzae dbes not carry any reducing compound which
affects the colour intensity. In the same wéy 2
distillations wero car;ied out wlth dead and dried
inseots, which were starved to death and kept for over

2 months. The distillates in this case also showed no

gign of the presence of any reducing compound,
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Blank Solution.
The blank solution was prepared fresh for zach

experiment. 1 ml, of 5% sodium earbonate solution nnd

1 ml, of 1% piloric acid solution were taeken in a tube

and diluted to the 10 ml, mark, The remaining procedurs

is exactly the same as with the unknowvmn solutions.

The colour of the blank is yellow, whoreas that of the

solutions containing hydrogen cyanide varied from

reddish-yellow to cherry red, depending on the amount

of the hydrogen cyanide distilled over,

Method of fumigating the insegls:-

200 gdults of each speeles 3 - 4 weeks old viere
selected at rendom from the storage jars, withouvt paying
any attention to the sex of the insects. The insects
were kept in a constant temperature room for at least
2 hours hefore they were fumigated or gubjected to the
pressure treatment, No food was supplied to the inseots
during this period, 100 adults of esch speciles were
put severately in plass tubes closed at both ends with
fine muslin and a piece of thread. In two weighed insect
ocages, about 100 adults were weighed out accurately to
the nearest 0,1 nmg, %0 give the weight of the insects

before itreatment.
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Method of fumigation.

A glass ampoule c¢ontaining a known amount of liquid
hydrogen oyanide was put in the body of the pyrex glass
fumigatlion chamber, 1,075 to 1150 ml, capaeity, and the
four inseot cages contalning the insects were put in the
neck of the chamber, The chamber was brought to the
required pressure, and the ampoule was fractured by
shaking the chamber, which was then kept in the constant
temperature room. The insects were fumigated for the
partiocular perlod desired and during this period the
chamber was shaken & - 5 times. The insect cages were now
in tﬁe body of the 6hamber. After testing for leakage
wilth a manometer, the chamber was brought to atmospherie
rressure and the insects taken out immediately. For
fumigation st atmospheric pressure, the chamber was
slightly evacuated and an ampouls containing hydrogen
cyanide, broken, Immediately afterwards the chamber was
brought to atmospheric preassure and the inseots fumigated
for a particular period,

Zomt fumlention trestment.

One set of the weighed inseots was transferred at
once to the distillation tubes and the hydrogen oyanide
recovered. The bther set of insects were kept for

obgervation of mortality. Food was supplied to these
ingeots and they were kept in the constant temperature

room,
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Counts were made 4 days after the fumigation. The
control set went through the same pressure treatment,
but was not fumigated. It was also kept in the constant
temperature room, All the insects became inactive within
a minute or two after an ampoule containing ligquid
hydrogen oyanide was broken in the chamber,'z"i‘:mnained:/l %hat
stage for sometime even after they were taken out of
the fumigation chamber. The insects that showed movement
of any part of the body were counted as alive, All the
insects were touched with a camel hair brush or finger
tip 50 as to stimulate them to make some kind of
movement and it was not difficult after some practice
t0 separate the llive insects from the dead ones. The
dead insects usually had theirrlegs folded and bodies
twisted and eppeered to be somewhat dried. The control
insects in general were all alive after the 4 daj period
except those treated at the lowest pressure, 2 om., of
mereury.

The mortality results are given in Table 12 and were

analysed statistleally for signifiecance.

Zemperature and humiditv.
All the fumigations were oarried out in a constant

temperature~humidity room at 25°C and 65 - 70 % R H,
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The fumigated insects were also kept in the same room
for 4 days, after which the mortality counts were made.
The temperature effeet on the inseots was thus avoided.
The fumigation chanbers were always kept in the constant
temperature and humidity room to attain the temperature
of that room, The humidity was not strictly controlled.
At atmospheric pressure, the fumigations were carried
out at 65 - 70% RH,, but at reduced pressures, the
humidity in the chamber depended on the vacuum produced.
At 2 om. pressurs, the.humidity is brought initially

to below 10%, by evacuation of the chamber, The humidity
rises considerably as water vapour evaporates from the
insects., Control sets of inseets were also kept under

the same temperature and humidity conditions.-

Lindgren and Sinclair (1944) appear to have been the

first workers to attempt to recover hydrogen cyanide from
fumigatéd‘inSects. Two further attempts were made later,
one by Lindgren and Sinclair (1945) and another by
Prandhan and Bhatia (1951), But all these workers
recovered the hydrogen cyanide by treating the insects
whole, In the present investigations, 1t was decided to

erush the insects and recover the hydrogen cyanide from
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the erushed insects 30 as to find if this method was
advantageous and i1f more hydrogen cyanide might bhe
recovered by this modified procedure. The apparatus,
XIXIXZY as deseribed hy Sinclailr and Ramsay (1944)

is slightly modified so as to allow of the insects being
crushed and is shown in Fig, 3 . Fumigsted insects
were put in the dilatilling tube which was flat-bottomed
and contained about 2 ml, of water, The distilling tube
was 6" in length and 1" internsl dismeter. This tube
was cloged with a rubber bung covered with a%uminium
foil, Through the bung passed a glass tube,/g&rficiently
lubricated with ocastor oil and flattened at the bottom
and with a emall hole (B) in the centre, This tube which
served both for crushlng and seration reached the bottom
of the distillation tube and was moved down on to the
ingects and then given a rotary motion so as to crush
them, The appeerance of the orushed insects 1s compared
with that of whole in Fig. 4. A bent capillary tube
passed through the other hole of the bung and was
connected to the glass bubbler by means of a amall piece
of rubber tubling, Two, and sometimes three bubblers,
each containing 1 ml, of 5% sedium carbonate solution,
diluted to about 3 ml., were attached to the distillation
tube so as to absord the hydrogen cyanide liberatéd while
the insects were being crushed and during distillation,

Air purified by passing through soda lime was drawn through
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the system throughout the eﬁfire sequence of operastions,
The rete of air flow was always controlled and was
measured by the flow meter. The recovery of hydrogen
cyanide from the fumigated insects was undertaken in
two stages., In the first, air was drawn for 30 minutes,
at room temperature, through the water in which the
inseots were orushed and which contained hydrogen
cyanide, derived from the insects, in solution, and
then through the bubblers where the fumigant was absorbed.
This stage was follewed immediately by the second, in
which water and acid were added and the fumigant which
passed from the insects into solution in the water was
transferred to the solution in the bubblers by distillation
in a current of air, Each species of insect from any
one fumigation was treated‘separately. Aboﬁt 15 minutes
was occupied in crushing the inseets and during this
operation ailr was drawn through the system at about 10 ml.
per minute. The rate of flow was raised graduaslly to
150 mi, pér minute and the cool aeration eontinued for
30 minutes.
The suﬁsequent distillation follgwed immediately.
The distillation tubes were put in the boiling water bath
and the bubblers in lce bath and the alr allowed to pass
at the rate of about 10 ml, per minute for 30 minutes,

1 - 2 small drops of 10 N, sulphuric acid were added
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through the aeration tube, followed by the addition of

1 ml, of water, After the 30 minute period of distillation,

bubblers were disconnedéted from the distilling tube and

emptied into the test tubes. The bubblers wers washed

2 - 3 times and the wash water added to the solution,

The HCN was determined as described before and the amount

recovered from the fumiéated Insects was then caleulated

on gram body wé?ght and expressed as mg, per g. body wt.
The method oé HCN recovery from thé fumigated insects.

differed from the one used by other workers in that the

insects were crushed and the rewovery of the HCN carried

out by the two processes (a) é§§ﬁzgration and (b) wes

D shlobion.

. *The ailr was drawn through the distilling tube
at a predetermined rate, which was measured by a flow
meter, while the other workers did not measure the air
flow rate, did not know how much air passed through the
distllling tube to sweep away the fumigant during their
20 minute distillation perlod. Two, and sometimes three
bubblers were used to trap ﬁhe hydrogen cyanide, This
precaution ha@t to be taken as 1t was found that sometimes
small amounts of hydrogen cyanide were trapped in the
2nd bubbler so, to be on the safe side, two bubblers
were attached to the distillation tube., The use of the

second bubbler was probably rendered necessary by the

inereased amounts of the fumigant whioch were recovered
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by crushing the insects and by faster rates of air flow
to remove the fumigant from the solution. Other workers
have used only one bubbler per distillation.

The novel features of the method of recovery were
. found to increase materially the proportion of sorbed
fumigant recovered and were adopted in all the

determinations in this ﬁbrk.

- 8 4 o hod uged in recove d dete
of hvdrogen ovanide.

The apparatus previously desoribed was first used
for the distillation of known amounts of hydrogen cyanide
from ihe standard solution of potassium oyanide. Known
amounts of solution were taken in the distillation tube
from a 5 ml, mioroburette and the solution diluted to
about 3 ml, The tube was put in the boiling water bath,
1 - 2 small drops of 10 N, sulphuric scid were added
through seration tube, and the distillate ocollected in
the solution of sodlum carbonate in the bubblers.

The bubblers were kept in the ice bath and, after about
30 minutes, were detached from the distillation tube
and hydrogen cyanide determined as described before.

Another set of the coloured solutions was prepared
by taking knéwn amounts of the solution of potassium

eyanide. The results of the hydrogen oyanide compared

with the knowé amounts of eyanide in the solution of
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potassium oysnide are glven in Table 8,

ZIABIE 8
H de regoyered 1 8
dlatillate, compared with the stendard
ECN_golutions.
HCN in mg. Colorimeter readings with
(corr. to KCN)
gggngggé Distillate

.007 .015 .018
3014 033 034
.087 217 .209
0135 448 .435
»202 , 644 063
«270 284 .82 1st bubbler

.01 2nad "

It is clear from Table 8 that there is practiecally no
difference in the smounts of HCN recovered by distillation
- and the amounts taken, showing that the method is quite
satisfactory for the recovery of small awounts of HCN
from the fumigatedAinseots and is sensitive enough to
distil over as smsll a aquantity as 007 mg., of hydrogen

cyanide, There is uo appreciable loss of HCN on the
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ahort rubber connectlons,

hydrogen gxgg;ge from the fumigeted ingects.
Very little information is available on the recovery

of hydrbgen cyanide from fumigated inseots and all the
work reported (Lindgren and Sineclair, 1944, 1945 and
Prandhan and Bhatia 1951) has besn carried out with the
fumigated Insects dlstilled whole., While the work wes
in progress, 1t was thought desirsble to find out
whether more hydrogen cyanide might be recoversed if the
fumigated insects were orushed before the distillation,

A satlsfactory method of erushing the insects in the
distilling tube nad to be developed. Air had constantly
to be passed through the system so as to sweep away any
fumigant liberated into the bubblers, These objects
were achieved (by the method deseribed before), and it
was found that actually more hydrogen ovanide was
recovered by orushing the insects before the distillation,
The results are given in Table 9,
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TABLE 9.
Regov of hydrogen ide fro rushed and
ingects igated at re T
of Meroury
Conc. Expo sure H g&! Tegove red - me. l K . bgd Y I!ight « from
used. period C.granaria C.oryzae
mg. per in Crushed i#hole Inorease Crushed Vhole Increase .
litre minutes in the in the
recovery _ regovery
15.7 15 . 307 -.213 .094 329 .232 097
25.75 ’ .452 .283 .169 .513 .299 .214
9.87 30 177 .117 060 244 .186 .058
22.38 * -534 -309 .225 -383 277 .106
8.19 60 242 .135 .107 .233 . 145 _.088
15.98 " .344 .251 ..093 373 .288 .085




92,

All-the fumigations were carried out at a pressure
of 16 em, of meroury and the‘hydrogen cyenide was
recoverad from 2 batches of C, granaris imrediately after
the fumlgation and from G, oryzse after about 1% hours.
We see from Table 9 that more hydrogen oyanide is
recovered from the crushed insects in all the
experiments, but there appeers to be no regular inerement
in the amount recovered by crushing the inseets,

In view of the above results it was decilded to carry
out all the experiments on the recovery of hydrogen
¢yanide from the fumigated 1inseets by crushing the
insects and passing the air for 30 minutes at room
tempsrature, (cool aeration), and by distillation for
a further period of 30 minutes.

There are two dlstinet processes involved in the
recovery of the fumigant from the fumigated insects:

(a) orushing and cool seration for 30 minutes and (b)
distillation for 30 minutes., It was now decided to find
out in which of these two processes more hydrogen cyanide
was recovered, 490 insects (200 of each species) were
funmigated for 30 minutes at atmospheric pressure.

Hydrogen cyanide was recovered from,Q,_gxggg;iﬁ immediately
after fumigation and from ¢, grvzae after about 1% hours,
100,2;_33335213 were put in each of the two distilling

tubes and 2 ml, of water were added, The fumigant was
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collected in the bubblers containing solution of sodiwm
carbonate, One of the two batches of the fumigated insects
was crushed and the alr passed through both the batches

of the insects for 30 minutes to sarry eway the fumigant
which was trapped in Nas cosy solution., After 30 minutes
the bubblers were removed nnd another set of the bubblers
containing fresh Ws: cozy solution was attached to the

two d41st1lling tubes, and the diastillation earried out

for a further 30 minutes;

The first set of the bubblers contained hydrogen -
cyanide recovered from the orushed or normal inseets
during the cool aeration and the second set of the
bubblers contalned the hydrogen oyanide reeovered during
the distillation. The results are given in Table 10
and Fig, 5,
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EOK recovered - Mg/gm. body weight from

Conc.

used 0.granaria ¢.oryzae
¥g. /L. Whole Crushed whole - Crushed
Aera~ Dig- Total 4era- Dig- Total Aera- Dis- Totsl Aerg~ Dig- To-
tion til1l- tion till- tion t111- tion ti111- tal
ation _.ation_ ation - gtion
48.7 0% .40 .179 .138 .081 .219 W1 .134 .134 .098 .109 .207

- 84.7 067 .34- .407 .319 .152 .A71 .022 .226 .248 .178 .126 .304:




A_.Whole insscts .
B- Crushed .
B Cool geratian.
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° A B A B A B A B
C.granaria C.oryzae C.granaria Coryzae
48.7mg.per litre. B4.7 mg. per litre.

Nominal dogse.-

Plg.5 -~ Reocovery of hydrogen coyanide during cool
aeration and digtallaticn from whole and

erushed inseots,
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It is interesting to note that more than 50% of the
total hydrogen cyanlde recovery is obtained during the
crushing end cool aeration, while very small amounts of
hydrogen cyanide are obtained during the cool aeration -
when the insects are whole. It may be that the sorbed
fumnigant is readily available when the insects are
crushed and is constantly carrled away by the current of
air, whereas when the inseots are treated whole, the

. free fumigant has to diffuse out from the insects' bodies,
which is a very slow process. The amount of Pumigant

~ recovered by distillation msy consist of some free
hydrogen cyanlde plus the fumigant thal has combined in
the insects' bodies and has probably formed cyanchydrin-
like compounds which liberate hydrogen cyanide on
distillation., Thus the hydrogen cyanide recovered

. separately by these two processes may give a rough idea
of the proportion of free and of hydrogan cyanide
conibined but recoversble,

4t this stage, it 1s worth mentioning that the
previous workers (Lindgren and Sinclair 1944, Lindgren
1949, and Prandhan and Bhatia 1951) recovered the
hydrogen cysnide from the whkole insec¢ts by distillation
for 20 minutes, and it may be that thelr results might
have been affected if they had also crushed the insects.

* These results will be discussed in detail later on.
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Crushing the inseets shows what an impeortant part
the technilgue plars in the recovery of the hydrogen
cyanide from the funmigeted insects, It appears thet by
crushing the insects, most internal tissues are exposed
and easily give up the hydrogen cyanide at the high

temperature of the holling weter.



87.
PRELIMINARY EXPERIMENTS

A few experiments were carried out to find the dosage
range suitable at the wvarious pressures that were to be
tried, For these preliminasry experiments the two extreme
pressures were chosen, i.e, a pressure of 2 om, of
meroury and atmospheriec pressure., Three concentrations
of hydrogen cyanids were used and the fumigation period
was 60 minutes in all the experiments. Only €, Granaris
were tried, 200 insects being fumigated each time,

100 in each cage, to serve as duplicates., Hydrogen
dyanide was recovered from the fumigated insects, as
previously desoribed, the results being given in Table 11
and Fig,. 6,
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te der 2 om 76 om gsure ,
for 60 minutes at 25°C,

Congc, of Press. in HCN overed, I bod

HCN mg., cm. of . . ‘
per litre mercury Replicate I Repliocate II

mx 2 2 .288 274

. 76 075 074

18 ¥ (2 L 470 BEPL T

(76 5 JA17° 114

36 * (2 - ,618 679

(76 315 +353

x * .8 mg. per litre.

It will geen that O, granasria sorbed more hydrogen
cyanide when fumigated at pressure of 2 cm. of meroury
than at atmospheric pressure, other conditions being the
same, A glance at Fig.-é‘shcws that the provisional
regression line at 2 om, pressure is steeper than the one
at atmospheric pressure, because of the greater effect
of the increase in concentration from il to 36 mg,., per
litre at 2 om. pressure,

From these results 1t was concluded that the pressure

at which the insects were fumigated played an : important

part in the sorption of HCN and that the high amount of
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hydrogen oyanide sorbed was largely responsible for the
high mortalities obtained by fumigating under reduced
pregsure., | |

More extensive work was therefore osrried out on the
sorption of hydrogen eyanide and the mortalities in
paerallel experiments were also determined so as to find
the influence of various reduesd pressures on both species

of Calandrs, when fumigated with hydrogen oyanide.
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EXPERIMENTAL DESIGN.

A gearch in the literature showed that most of the
work on fumigation under reduced pressures had been
carried out by varying one factor at a time, e.g. by
epplying a series of doses at a particular reduced
pressurse and observing.the mortality. All the results
obtained by other workers showed that less fumigent was
needed to kill the insects at a reduced pressure than at
atmospheric pressure. In view of these results it was
decided to determine the amount of hydrogen cyanide sorbed
by the insecots when funigated at various reduced pressures
and also at atmospheric pressure, and at the same time
to determine the mortality in duplicate batches of
treated insects.

To investigate in detalls the influence of the various
pressures, an experiment was designed with 4 factors.

The pressure effect was investigated at 4 levels, using

3 concentrations each for 3 exposure veriods and with two
gpecies of insects., The four pressures selected were

2 em,, 287 om,, 52 cm, of meroury and atmospheric pressure
{75 - 76 oms,). The 3 concentrations were 12, 26 and 44
mg, per litre and the three exposure periocds 30, 60 and

90 minutes., The responses of C, granaris and C, orvzae
were determined,
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RESULTS OF THE EXPERIMENT,

The results of the experiment are given in Table 12,
Percent mortalities were convérted into angular transforms
and thé results were subjected to an analysis of
variaence, which is given in Tables 13 and 14, In all
the figures, mean of the response is plotted against
the treatment, It was found that all the main factors
were significant at thé 1% probability level, The
following general conclusions could be drawn from the
results, |
1. The hydrogen cyanide recovered and the mortality
.of the insects depend on the air pressure maintained in
the chamber, With the decrease in pressure from
atmospheric to 2 om. of merocury recovery of hydrogen
cyanide and the'mortality of the insects inereased.

2, More hydrogen oyanide was recovered from the fumigated
inseots ahd there was a higher mortality response, as

the concentration of hydrogen cyanide in the chamber

was inoreased from 12 to 44 ng, per litre.

3. Recovery of hydrogen oyanide as well as mortality of
the insects inoreased with the inorease in the exvosure
period from 30 to 90 minutes.

4, 1t was found that more hydrogen ecyanide was recovered

from the fumigated C, oryzae than from C, granaris, but
the mortality response of C, granaris was higher than of

C. orvzang.
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5. The mortality in both species increased with the
recovery of hydrogen oyanide,

All the faotors are dealt with in detall, below,
Egeh factor or an interaction was assessed by summing

across all other treatments.

Eregsure effect.

It was found that the hydrogen cyanide recovered
end the mqoritality response of both the specles decreased
as the alr pressure in the chamber inereased from an
absolute pressure of 2 om, of merowry to atmospherie

pressure. The results are given in Figs. 7 and 8.



. Pregsure in cm. of Meroury

Odnc. ‘
ﬁéﬁ ; 27 52
in % Angu, HOR % HON % Angu. HON
ng. mor- re0oVv.  Hor- regov. mor- trans. TIegov.
per tal- of ng/gn  tal- ng/gm. tal- of %  mg/egm.
1itre ity mort~ body ity mo body 1ty mort- Dbody
__ality ek, _al wt . ality wt,
12 80.0 .1 6.3 .079 8 16.4 .06 8.1
% 1(9);), 90.0 . gg 2? 28.4 098 5 12.9 .06 11.5
90 100 90.0 .210 64  53.1 109 12 23.6 .093 10.0
26 0 100 90.0  .348 97  80.0 .21 77 6l.3  .163 47.9
Zo 100 go.o .331 100 90.0 249 97 80.0 .159 58.1
90 100 - 90.0 443 100 90.0 238 99 84.3 .206 77.1
\ 100 90.0  .372 99  84.3  .348 96 78.5  .253 62.0
44 %g 100 90.0 .363 100  90.0 452 100 90.0 .287 58.7
90 100 90.0 625 100 . 90.0 .536 100  90.0 .336 90.0
C.oryzae
12 100  90.0 .241 9 4.4 102 1 5. .06 .
99  84.3 .262 1 51.4  .11% 2 2.§ ,asg Z,I
100 90.0 .230 48  23.9 141 2 8.1 .093 10.0
26 100 90.0 - 403 74 . 59.3 - .273 40 - 39.2  .142 29.3
100 90.0 .488 94 .8 .a47 17 24. . .
100 90.0 496 100 90.0 261 86 63.3 522 ?8,2
44 100 -~ 90.0 . 449 B9  70.6 .24 | 6.7  .258
100 90.0 634 100  90.0 .3é§ 33 om0 .3?6 3;12
100 90.0 704 100 9.0 .394 98 8.0 .24 99.0




Degrees Sum of

Itens - of Sguares Variance Variance
Fre?%?m Ratio .

PressuresP 3 23079,05 7693,02 " 121.0 xxx
Concentra- '

tions C 2 22750,11 11375,05 179.0 xxx
Exp.period E 2 2508 ,46 1253 .23 19.72 xx
Specles S 1 1050 ,34 1050,34 16.55 xm1
¢ x P 6 768471 1280,78 20,15 xx1|
CxE 4 533 .75 133,44 2.1 n.é
cx8 2 307,58 153,79 2.42 ns
PxsS 3 968,06 322,69 5,08 xx
PxE 8 1047 ,30 174,55 2.75 x
ExS 2 81.80 40,90 <1 ns
PxCxE 12 = 1289.42 ~ 107.48) n. s,
PxCx3S 8 199,05 33.18} n.s.
PxExS 6 126,16 21.05; n.s.
CxExS 4 296.85 74.21} N.S,
PxCxExS 12 631.1 52.59;
Error 40 2542 ,58 83 .56
Total 71 62551.74
XXX significant at ,1% probability level
= A -
n

-3 not Bignifieant,
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TABLE 14
Anglysis of Variance of recovery response
of C. eransris and C, oryzee.
Items Degrees Sum of Variance Variance
of Sauares Ratio F.
- Freedom

D,F,

Concentra- 2 1,328 0.6619 648,29 xxx
tions
Pregsures P 3 2.26209 0,75403 738.4 XXX
Exp.periods E 2 0,09317 0.046585 45,62 XXX
Species S 1 0.03476 0.03476 34,04 xxx
CxP 6 0,100607 0.018768 16,43 xxx
CxE 4 0.052794 0.013198  12.93 xxx
C xS 2 0,004704 0.002352 2.30 ns.
PxE 6 0.012137 0,002023 1.98 ns
Px8 5 0,041191 0.01373 13,45 xxx
Ex8 2 0.000334 0,000167 .016 ns
CxPxE 12 0.041215 0,003435 3,36 xX |
CxPxS 6 0.022028 0.003671 3.505 x
PxExS 6 0,004343 0,000724) ns.
CxExS 4 0.005489 0.000872; ns.
CxPxExS 12 0,014638 0.001220§
Error 22 0.002247% 0.001021
Total 71 4.0113 |
X§§ sign%ficant at Oiié probagility lexel.
x " " 5% " "

n.S. not significant.
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They show that fumigation at 2 em. pressure was
the most effective and that, under the other conditions
of the experiment, there was 100% mortality in both
species, The mortality in both speeiss was lowest when
the insects were fumigated at atmospheric pressure (Fig., 8)
One interesting faot that has emerged 1s that the
inseocts have responded to different extents when the
air pressure was decreased by 25 cm. of meroury. When
the pressure decreased from 76 to 52 cm, the inceease
in the response was very small in comparison with that
assoclated with the decrease in pressure from 52 to 27
and from 27 to 2 em, of mereury, It is therefore not
advisable to fumigate C, egrasnaris and C, orvzase with
hydrogen cyanide at a sustained pressure of 52 em, of
mereury as 1t produces practically the same results as

does fumigation at atmospheric pressure.

Concentration effect.

The effect of the increase in the concentration of
hydrogen c&anide in the chamber was to increase both
mortelity and sorption, as measured by recovery of hydrogen
cyanide from the fumigated insects. The results are
given in Table 15,
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TABLE 15
Effe ongent on on the insgs R
Concentration Ilean mortality Mean HCON recovered
mg. per lttre response in angular lg/g body weight.
units
12 38,8 <197
26 71.9 396
44 79.8 5827

Teble 15 ghows that the inorease in mortality and in

recovery of fumigant 1s greater at the lower range of

concentrations and falls off at the higher ranges.

Equal inorements of the period of exposure were found

to produce a greater effect at short exposure periods,

e.g. periods of 30 minutes, than at longer periods e.g.

90 minutes, although the ilncrease in responses was

continuous, The results are given in Table 16,
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TABLE 16
Effect of expogure period on the insects.

Exposure period Mean mortality Mean HCN recovered,
in minutes response in angular Mg/g body weight.,
: wits
30 56 .4 324
60 | 63,2 386

If the hydrogen eyanide recovered is taken as an
index of the sorption by the ingsects, it 1s found that
1 g. inseots sorbed hydrogen cyanide at the average rate
of .01l mg./minute during first 30 minutes. The average
rate decreased to about ,002 mg./minute during 30 minutes,
when ‘the period was inereased from 30 to 60 minutes, The
average rate of sorption further decreased to less than
001 mg./minuts, when the exposure period inereased from
60 to 90 minutes. Mortality, expressed in angular units,

gteadily incressed with the exposurs period.

Specles.
C. orvzae was found to absorb more fumigant than
C. zranaria but to be less susceptible. These results

appear to show that the "internal registance"” of C. Qrvzae

to the sorbed hydrogen cysnide is greater than of

C. zranaria.
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EfT regsures at v us_concentratio

1t was found that for both the responses this
intersction was significant at .1% probabillty level,
The results are given in Table 17 and Figs. 9 and 10,

TABLE 17
Mean moytglit onse angular units,
and hvdrogen ovanide recovered from C, granarig
c, et together at variou
tio der different pre eg.

Mortallty response HCN recovered at
Conc, in at various press. various pressures,

mg. per litre 1z/p body weight, I
2om 27om 5Zom 76om Pom 27om _SZem _76om

12 e7.4 46.2 12,5 8.9 .597 .209 ,107 076 |

26 . 90,0 80,8 59.5 57.2 703 435 ,247 ,197 i

44 90,0 85,8 77.7 65.6 .851 .558 ,387 311 |

It was found that at any one pressure, both the
mortality eand the sorption of hydrogen cyanide of both
species taken together increased as the concentration
of hydrogen ¢yanide imn the chamber increased, and that at
one concentration, both responses decrsased as the air

pressure increased, We see from Table 17 end Figs, 9 and

10 that at a pressure of 2 cm, of mercury, a high mortality
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occurraed at all coneentrations and that the amount of
hydrogen cysnide recovered increased from 0.4 to 0,85

Ug. DET B body welight, as the eoncentration lncreased
from 12 40 44 mg, per litre. At other pregsures the
nmortallty responase produced was grester when the
concentration inoreased from 12 to 26 mg. per litre,

i.6. by 14 mg., than with the inorease in concentration
from 26 to 44 mg. per litre, i.,e. by 18 mg., At
atmospherie pressure and 52 om, pressure, the differences
in HCN recovery were very small compared with the
differences at other pressures, at all the concentrations
tried, Fig., 9 shows that with the inecrease in
concentration the "provisional regression lines” gradually

became steeper as the pressure decressed from 76 to 2 cm.

Ye <o /tys i
of mercury, wken mesbalibty was the_2:Sponse, but the
nerta
lines gradually flattened when ¥ was the response.

At the pressurés tried, the mortality regression line at
& doge of 12 nmg. per lltre was stecper than the lines at
other concentrations, but the recovery regression line
became less steep with the same changes in concentration
(Figs., 9A and 10A), It 1s coneluded from these results
that the fumigation of C, granaris and C, orvzae with
hydrogen e¢yanide at 52 om. pressure is not as efficient
as at the other 2 reduced pressures, especially at 2 om.

pressure, where even at the lowest concentration tried,
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12 ng. per litre, the mortality is very high.

Effeot of presgures on C, granaria snd C,oryzsge.

| This interaction was found to be gignificant at the
1% probabiiity level for the recovery response, and at
1% level for the mortality response. The results are

given in Table 18, and Figs, 11 and 12,

TABLE 13
liean mortality response in gnsuler units
0 e _recovered from C anar
gnd C, oryzae at various pressures.
Species Yortality responge IICHN recovered at various
0 T s PR ho

—— Som. 27qm  S532¢m  76qm  _2enm 27om S52em 76em

C.granr €8.9 73.6 59.7 47.0 .598 .367 @ .181

aria.
C.oryr 88.4 68,4 40,1 40,7 ,703 ,434 ,235) ,208

zae,

The results show that both responses inorease, with a
deorease in pressuré} and that C, orvzge is less
sugceptible but yields more fumigant in the recovery process
than C, grapsria. Both the speoles showed nearly 100%
- mortality at a pressure of 2 cem. but as the pressure
increased the mortality of L. oryzse deorsased faster than

did that of C. granaria but more HCN was recovered from
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C.oryzae then from O, gxransnls at éhe pressures tried,
Both the spseiesg sorbed more hydrogen cyanide at 52 om,
pregsure then at atmosvheric pressure, but the difference
was suall compared with the differences found when the
pregsure was changed from 52 to 27 om. and froﬁ 27 to

2 em, of merocury. (Figs. 11 and 12).

Zffe t ous eriéd .

This interaction was significant at 5% probabiiity
level with the mortality response, but was not significant
with the recovery response, The results are given in
Table 19 and Figs, 13 and 4.

I mort egponge 1 its

and hyéyagen cyanide recovered from C, granaris
and C, orvzae, taken together, for ysrioug
nregsureg end exposure periods.,

Exp.period MNortality response HCN recovered at various
in minutes _at various press 'eSRUTOS, I bod

oem__2%em 52om  76em 2em 27em  52om 76em

30 88,3 62,5 41,3 33,4 .,602 ,326 }211 .158
&0 89,0 74,3 49.2 40,3 ,877 .424 ,2351 @ ,192

90 90,0 78,1 59,% 57,9 .874 ,451 .280 233
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The mortallty of both species and the hydrogen
cyanide recovered, taken together, show that the response
in both cases increased (1) with the inorease in the
exposure period from 30 to 90 minutes and (2) with the
decrease in the air pressure from 76 to 2 em, of mercury.
A glance at Fig. 13 shows that with the decrease in
pressure from 76 to 52 om,, the amount of HCN recovered
inoreased, but to a lesser extent than with the decrease
in air pressure from 52 to 27 and from 27 to 2 om,
pressure, Fig, 14 shows that at the periods tried, the
provisional regression lines showinz the mortality
response‘beoome more flattened as the alr pressure in the
 chamber decreases. There is nearly 100% mortality at
an abseolute pressure of 2 em, of mercury, at all the three
periods, whereas at atmospherie nressuée, the mcrtaiity

increnses from 33.4 to 57.9 AU, (50 to 72%) when the

period increases from 30 to 90 minutes,

This interactlon was not significant for either of
the responses. The results are given in Table 20 and
Figs, 15 and 16,
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Species Mbrtality response HBN reoovered at various
‘ _ 2 4 12mg/1 26

C.grenaria 40.0 78,2  83.6 166 372 515

G ,oryzae 37,5 85.5 75,9 .228 420 538

The results show that both the specles sorbed more
hydrogen oyanide and gave higher mortality resﬁonse as the
concentration of hydrogen cyanide in the chamber is
increased from 12 to 44 mg,. per litre. It was found that
less fumigant was recovered from C, granaris than from
£, oryzse, but that the mortality of C. granaria wes greater E

than thet of C, orvzae. C,. granarip offered less resistance ;
to the sorbed hydrogen cyanide in their bodies than did

O. oryzae. All the results point to the fact that the
inseots offer not only the resistance to the entry of the
hydrogen cyanide into thelr bodies hut also to the
hydrogen oyanide sorbed., This hypotheslis of surface and
internal résistance of the insects to hydrogen cyanide
was first put forward by Pradhan and Bhatia (1951) for
other insects., The results will be discussed in detail
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later on.,

This interaction was not significant for either of the
' responses._'} The results are given in Table 21 and Figs.
17 and 18,

Species . Mortality response at HCN reocover g at various
yarlous veriods, periods, &Z shody wt,

30 min, 60 min, 90 min, 30min, 60min 90min
C.granaria 61.2 67.5 73,2  .308 383 385

C.oryzae  51.6 59,0 . 68,5 343 409 434

It was found that the mortality as well as the
hydrogen oyanide recovered increased with the period of
fumigation in both species, As mentioned previously also,
leés hydrogen coyanide was recovered from C. zranaris
than from £, orvzag, but the mortality of C,. zranaria
was higher than that of C, oryzas. The rate of sorption
of hydrogen cyanide in both species fell as the period of
fumigation lengthened from 30 to 90 minutes, The rate
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of inoreasse of mortality in both species also fell as

exposure period was increased,

This intersotion was found to be significant at

.1% probability level for the recovery response, but was
not significant for the mortality response. The results
are given in Table 22 and Figs, 19 and 20,
TABLIE 22
Mean mortality response in angular units

hvdroge nide regovered from C anari

- Exposure Mortality response at HCN recovered atmg7rious

period in wvarious concentrations, concentrations. 8
minutes hody weight, ;
1ome/l  _26me/)  4ame/1  12me/1 26me/l damg/)
30 35,8 62,1 71.2 «197 239 437
60 39,3 71.0 79.3 «191 419 548
90 41,1 82,5 88,9  .203 431,595

It is interesting to note that at a dose of 12 mg,
per litre the hydrogen eyanide recovered from both specles
when tsken together, showed practically no difference, as

the perlod increased from 30 to 90 minutes, and the

mortality also showed little increase, but at the two other
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concentrations, the inerease in the period exercised some
influence and the provisional regression lines became
steeper as the concentraticn increacsed from 12 to 44 mg,
per litre. This change of slope appeared to be caused
by the influence of the 90 minute exposure period at doses
of 26 and 44 mg, per litre, whereas the 30 minute verilod
produced less effect at the'above ooncentrations

(Fig, 20), When mortality response was taken into
consideration, it was found that an increase in
concentration of fumigant from 12 to 26 mg. per litre,
i.e. by 14 mg,, was assoclated with e larger increase 1n
mortality than a ccncentrétion ochange from 26 to 44 mg,
per litre, i,e, by 18 mg. (Fig., 19).

Iriple interactions.

All the triple interactions wer#& not significant for
the mortality response, but for the recovery response the
concentration pressure perlod interaction was significant
at .1% probability level, and concentrstion-pressure-
specles at 5% level, The results ere given in Tables
23 - 28,

The coneentration-pressure-period interaetion showed
that the concentration and pressure changes modified the
effect of the perlod on the insects. Concentratione

~ pressure-specles was also significant and this showed

that concentration and pressure changes affected the two
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species of Cglandrs to a different extent,



G, oryzge taken together at various

n regaures for differe

nexriods.

Cone, Exp, Mortality response HCN recovered at various
in period at varilous press. pressures. g.body wt.
mg/l " in
min,
| 2gm._27¢m 52c¢m 76cem 2em 27cm 52em 76om
30 85,0 40,4 11.0 6,9 .,439 ,191 ,000 ,087
12 60 av.1 49,9 10,5 9.8 .376 .214 .105 ,087
90 90,0 48,5 15,8 10,0 374 ,220 ,125 ,093
30 90,0 69.6 50.238.,6 .579 ,375 .247 ,152
26 60 90,0 82,9 52.259.0 .762 ,459 ,245 ,207
90 90,0 90,0 78,1 73.8 .772 ,469 .249 231
30 90,0 77,4 62,6 54.6 ,786 .410 ,295 ,255
44 60 90,0 90,0 85,0582,1 ,893 ,598 ,400 ,301
90 90,0 90,0 85,56 90,0 .874 .664 .465 .375




C, o e at varlous pregsures and entr »

Cone., Species Mortality response HCN recovered at
in at various press. various pressures.

mg/1, ‘2 body weight

: gem 27om B2om 78em 2em 27om S3em 76am
C.granaris 86.7 45.9 17.6 9.9 .,321 .1v3 .095 075

12

C.oryzae 88,1 46,6 7.3 7,9 .472 ,244 ,119 ,076

C.graneria 90,0 86.7 75,2 61.0 ,.670 ,407 238 ,176
26

C.oryzae 90,0 75,0 43,9 53,3 ,740 ,462 ,.259 .218

C,granaria 90,0 88,1 86,2 70,2 ,804 ,520 ,445 ,202
44

C.oryzee 90,0 83,5 69,2 81,0 ,898 ,596 .329 .329
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TABLE 25
Mo orta TS ge _ mit
HCN recovered from C, granarls and C, oryzse when

funiigated under wvarlous pressures for different periodg.

B2xp, OSpecies HMortality response HCN rsocovered at
period at various press, varilous pressures.
in min, VMe/g, body we

2cm. 27cn Sgen 7écm 2om 27 52 76,
¢.erenaria 86,7 66,9 52.1 39,3 ,558 ,287 ,216 .161

30

C.oryzas 90,0 58,1 30,5 27,4 .645 ,364 ,206 156
o C.graneria 90,0 76,1 61,0 42,8 ,627 .,387 ,266 .171
6

C.,oryzae 88,1 72.4 37,5 37,9 ,727 .461 ,235 ,213
0 C.granaria 90,0 77,7 66,0 59,0 ,610 .426 .294 .212
9

C.oryzae 90,0 74,6 52,4 56,9 .738 .4%77 .265 .254
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TABIE 26.
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gnd HCN recovered from C.granaris end C,oryzse

funigated with Egrj,g_gé goncentrations for

i

e

er

Specles

Mortality response
at various concentr. various concentr.
Lig/g, body weigh

HCN recovered at

Exp,
period
in min,
C.granaria 35.2
30
C.oryzae 38 ,4
C.granaria 40,7
g0
C,oryzae 38,0
C.granaria 44.2 .
90
c OTyZER 38 00

26m
69.8

79,5
62.5

85,3
70.6

1

4

78,7
63.6
82 .2
76 4

. 90,0

1

87.%

12mg/1 26

70 322
2283  ,355
.159  ,382
223  ,455
.189 413
237  ,448

4
424
450

. +O47
.549

575
615

1
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DISGUSSION.

Fumigation under reduced pressures has been prasgtiged
ninée 1918, but very little information of fundamental
importance is available, as all the work reported has
been c‘arried out on the large scale and only one factor
at & time has bsen studied, lkeeping other factors constant.
Moore and Carpenter (1938) and Salmond (1981) who studied
the effect of various alr pressures on the ingects
when fumigated, found that higher mortalities were
obtained at reduged préssures than at atmospheriec
pressure. The mortality obtained in the present series
of experiments confirmed the findings of the above
workers. Cotton, Wagner and Young (1937) found that
oxygen deficlency in the chamber at the reduced pressures
made the insects more susceptible to the effect of
the fumigant. They fumigated batches of insects with
the same dose of the ethylene oxide - carbon dlioxide
mixture under the same redused pressure but with
different oxygen contents (ty introducing extra oxygen
in one case) and found 100% mortality in one case when
extra Og was not introduced and no mortality in the
other case. They attributed the differences in the
mortality in the two cases to differences in the oxygen
gontent of the chamber. Wigglesworth (1935) found that
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the respiratory rate of insects increased when the oxygen
content decreased below 1%, (Their work was not with
reduced pressures).

The results obtained by other workers are supported
by the measurements of the weter~loss and the hydrogen
oyanide sorbed by C,. granaria and C, orvzae in the present
investigations. It was found that the insects lost
considerably more water at the reduced pressures and
gsorbed more hydrogen cyanide than at atmospheric pressure,
Severe desiccation caused by the loss of water and the
higher amounts of hydrogen cyanide sorbed at the reduced
pressures produced higher mortality responses than those
produced by fumigation at atmospheric pressure.

From these results, one concludes that fumigation
under reduced pressures ls more effective than that at
atmospheric pressure,

Moore and Carpenter (1938), Salmond (1951) whowed
that the mortality of insects, treated under various
reduced pressures, increased as the alr pressure in the
chamber decreased from stmospheric pressure to 2 cm, of
mercury. Young, Wagner and Cotton (1935) found that
fumigation under a vacuum of 29" was more effective than
under a vacuum of 26", Fish and Shepard (1938) found that
the medisn lethal doses of methyl bromide for T, confusum

deoreased as the alr mressure decreased from 76 to 2 em., of
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mereury, <The mortality of the insects depends on the
degree of vaouum maintained in the chamber, From the
water~loss, hydrogen coyanide reeovery and mortality
results obtained in the experiments ieported in this
thesis, it is confirmed that the insesects become more
physiologlically active as the pressure is decreased from
76 to 2 em. of meroury and thus show a higher response.

It is oclear from Figs, 3 and 4 (Part I) that the water-
loss and the mortality at any one humidity depend on the
alr pressure in the ochamber. As the alr pressure is
decreased from 8 to 2 om, of mercury the insects become
more active and lose more water, on acecount of oxygen
deficienoy in the chamber, and this desiccation sgain
produces a higher mortality.

In the game way it 1s suggested that the higher amounts
of hydrogen cyanide recovered from the insectw fumigated
at 2 cm, pressure compared with the amounts recovered from
the insects fumigeted at higher pressures is caused by
the oxygen deflciency producing inocreased physiologieal
activity. The mortality results, which largely depend
on the hydrogen cyanide sorbed by the inseets also
inecreased with the decrease in the pressure (Figs. 7 and 8).
It is therefore concluded from the results obtained that
the physiological activity of the insects depends on the

pressure maintained in the chamber and the mortality response
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with which all the entomologists are concerned depends
on the amount of hydrogen sorbed by the insseots at the
various reduced pressures, There are exceptions to most
general conclusions, and so also to this one. Moore

and Carpenter (1938) reported that C, oryzae fumigated
at a pressure of 2 mu, of mercury sorbed less hydrogen
cyanide and showed a smaller mortality response than at

2 - 6 em, of mercury. They attributed this difference to
the physical effect of such a high vacuum on C, orvzse
bringing about a collapse of the tracheae of the inseots.
Their results have been confirmed by some experiments
carried out on the water-loss from G, grannris and C,. orvyzae
at 3 - 4 mm, pressure, It is clear from Table 2 (Part I)
that the water lost was conslderably less at 3 - 4 mm,
than at 2 em, pressure. For the results of this kind,
there appears to be no other reason, but the collapse

of the tracheae at such low pressures, It is physieally
impossible aoctually to demonsfrate and prove such an

~ hypothesis, but the results obtained support the above
idea of physlical effect on some insects at such low
pressures.

The effect of inorease in the concentration of
hydrogen cyanide on the inseets is to produce a higher
mortality, at any one pressure (Figs. 9 and 94). All
workers report that higher mortalities are obtalned with



127.

increase 1n the concentration but most of them have tried
only one pressure and have never compared the results
obtained at wvarious concentrations and pressures as has
been done here. The interaetions of the warious factors
will be discussed further, where they bear upon the
estination of recovery and mortality. '

Vie see from Table 17, Figs, 9 and 9A, 10 and 10A that
at 2 om, pressure, there was a high mortallty et all the
concentrations tried, and the hydrogen cyanide recovered
inoreased frbm about .4 to .85 mg. per g. body weight,
whereas at atmospherioc pressure the mortality increased
from 8.9 to 85.6 AU, (3 to 83%), and the recovery of |
hydrogen cyanide increased from ,076 to ,311 mg. (Table 17).

This gives some 1dea of the physiologloal activity
of the insects at these 2 pressures, The amount of
hydrogen cyanide sorbed at a dose of 12 mg. per litre at
2 cm. pressure appears to be sufficlent to produce a very
high mortality and further increase in the oconoentration
brings about more sorption than is necessary to kill even
the most resistent individual, Thus the results show that
-a dose of 12 mg, per litre of hydrogen cyanide 1is |
sufficient to produce 100% mortality of C, granaris and
Lo orvzae at 2 cm, pressure under the conditions tried,
whereas as much as 44 mg, per litre are not sufficient

to bring about 100% mortality in a fumigation at
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atmospheric pressure. The recovery results have been of
great help in throwing light on the mortality results,

There is very little inerease in the nortality when the
pressure 1s depreaséd from 76 to 52 cm. of merecury,

1., by 25 om,,and the low value of this increase is
parallelled by an equally small increase In the recovery

of hydrogen cyanide, and in the line with ﬁhese

observations we may say that the inseets are physiologically
slighily more éctive,at a pressure of 52 om, than at
atmospheric pressure.

With a further decrease in pressure from 52 to 2 om,
of meroury, the inseots sbrb more fTumigant and thus show
a higher mortallty response, At a dose of 12 mg, per
litre the amount of hydrogen cyanide recovered from tae
fumigated insects increases from 076 to .397 mg. per g.
body welght, as the pressure déoreases from 76 to 2 om.
of mercury, but this difference further increases when
the dose 1s increased to 26 and 44 mg. per litre. The
change of mortality response with the pressure is shown
~in Figs, 9 and 94,

The effect of the period of fumigation at the
concentrations tried 1s shown in Table 22 and Figs. 19 and
20, At a dose of 12 mg, per litre increase in period from -
30 to 90 minutes has practically no effect on the inseeots,

but at the other 2 doses both the amount of hydrogen
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oyanide recovered and the mortality increase with the
period, At all the three concentrations the greatest
effect is produced during first 30 minutes of fumigation
and further incerease In the period produces very little
effect, All these mortallty results are parallelled

by the results of recovery of hydrogen cyanide,

At all the periods tried, the increase in dose from
12 to 26 mg, per litre, 1.e, 14 mg, per litre, produces
a greater increase in mortality than does the inerease in
dose from 268 to 44 mg, per litre, i.e. 18 mg, per litre.
This behaviour is also parallelled by that of the results
of the recovery of fumigant.

Figs, 13 and 14 show that in fumigations at 2 om.
pressure, there wes nearly 100% mortality even with an
exposure period of 30 minutes, whereas at other pressures
the mortallty increased with the period, the effect
belng more pronouvnced st atmospheric pressure., This
whowed that fumigation under 2 om. pressure for 30 minutes
wes sufficient to bring about a high mortality, but with
the inerease in pressure to 76 cm. of mercury, the
mortality decreased considerably and fumigation for the
short period of 30 minutes produced very little effect.
It 1s suggested that an increase in physiological metivity
of the Inseets as the pressure is'reduced is mainly

respongsible for fhese changes in the behaviour,
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If we consider fumigation for the long period, 90
minutés, we £ind that even at atmospheric pressure there
ls a consliderable mortality aund so tho differences in
mortality associabed with dilfferent pressures are much
reduced, Insects were found to sorb hydrogen cyanide
at a greoter rate during the first 50 minutes of
fumigation then during subsequent simildr periods, at all
the pressures tried. |
~ Moore and Carpenter (1958) found that as much as
. 788 ng. of hydrogen cyanide per g. body weight were
sorbed by L. grvzag in 2 minutes, when fumigated with a
dose of 49 mg, per litre at 20°C undsr a pressure of
¢ om, of mereury, and that ,955 mg, were sorhed in 30
minutes, .From thelr results, 1t appears that most of
the sorption takes place with;n first 2 minutes and then
as the period increases, the amount sorbed increases but
slowly.

In the present seriles of experiments, 30 minutes
was the shortest period tried and the restlts taken in
conjunciion with those-of Moore and Carpsnter show that
at the start of fumigation, sorptiﬁn-is rapid and thet
1t falls off more or less exponentially with period of
exposure,

It is found that mortality as well as the recovery
~of hydrogen oyanide increased with the exposure period

in both specles., Figs. 17 and 18 show that less fumigant
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was recovered from,gi;g:nnazig than from C, orvzag but
that C. granaris was more susceptible than C, oryzas.
These results may be explained with the help of the
hypothesis put forward by Pradhan and Bhatia (1951),

They suggested that the total "effective resistance”" of

a particular insect to hydrogen cyanide 1s the resultant
of "surface resistance” and "internal resistance”. By
surface resistance they mean the resistance which insects
offer to the entry of hydrogen cyanide into their bodiles,
and by internal resistance they mean the resistance
offered by the insects to the sorbed hydrogen ocyanide in
thelr bvodles. According to Pradhan and Bhatia, Table 21
and Figs. 17 and 18 would be taken to show that C. granaria
sorbed less hydrogen cyanide than'C , Showing that
the surface resistance ot_Q‘_gxgngglg was greater than
that of G, oryzae, but that C, egranaris guffered a greater
mortality than did C, orvzse, even with less hydrogen
cyanilde sorbed and therefore possessed a much lower
internal resistance.

Previbus work reporﬁed by other workers};ainly
concerned with the mortality response obtalned at a
particular dose, which according to Pradhan and Bhatia
is the total effective resistance offered by the inseots.,
Until recently no sttempt was made to correlate mortality

with the amount of fumigant sorbed and it 1s this
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correlation which has given rise to the idea of

dividing "total" resistance into"¥urface” and "internal”
resistance. As the eorrelation of mortality with sorption
of hydrogen oyasnide was not the main object of the
present investigastion, no extensive work ﬁas carried out
on these lines, and this point has been discussed here
only because the results appesred to follow the same

trend as thoge reported by Pradhsn and Bhatia.

Table 18 end Fig, 12 show that fumigation at a
pressure of 2 om, produced greater difference in the
recovery of the fumigant from the two species than
at other pressures. It may be essumed that all the
inseots become more physiologiocally actlive as the
pressure 1s reduced, but to a different extent, with the
result that the responses of different inseets at various
reduced pressures will depepd on the extent to which they
have been stimulated or depressed by the pressure

changes,
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SUMMARY

Literature on fumigation under reduced pressures
with hydrogen oyanide and on the alkaline piorate method
of estimating emall amounts of hydrogen eyenide is reviewed,
It was found that more hydregen oyanide was recovered -
by orushing the fumigated insects defore distillation,
More than 50 per cent of the totsl fumigant was recovered
by orushing mnd oool aeration enly, thus indicating
approximately thi free hydrogen syanide available, while
less than 5Q per cent was recovered by distiliation, which
may consist largely of the hydrogen oyanide combined in
the inasects’' bodies, but resoverable on distillation,
The results of recovery of hydrogen cyanide and those
of mortality wercsubjeoted to an analysis of variance,
and it was found thatt-

(1) Pressure had a pronounced effesot on the sorption of
hydrogen cyanidn by the inseots, and on mortelity, Fumige-
tion under & pressure of 2 em.‘was found t0 be the most
effocti%g,_fblloued by fumigatien at s pressure of 27 onm,
Under thé_cenditiona tried, atmospheric pressure fumigation
was found to be the most unsatisfactory, and that there

was very little improvement produced dy reduocing the pressure
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under which fumigation took place from 76 to 52 om,

(2) With inoresss in concentration, the hydrogen cyanide
anbod ag well as the mortality in beth species inoreased,
A dose of 12 mg, per litre was found to be suffioclent to
produ&e a very high mortelity at 2 am, pressure, whereas,
s dose as high as 44 mg, per 1itre did not givo a close
approach to complete mortality at atmespheric pressure,
There was a greater inerease both in the recovery of hydrogen
oyanide from the insects and in the mortelity, when the
concentration inereased from 12 to 26 mg., per litre, i.e,
by 14 mg,, than when 1t inoreased from 26 to 44 mg, per
litre, 1,0, by 18 mg.

(3) The peried for which the fumigation was ocarried out
was found t0 preduce its greatest effect during first

30 minutes of fumigation and the recovery of hydrogen
oyanide from the insects as well as the mortality in both
the species inoressed with the period. The rate of
sorption of hydrogen cyanide wae higher during the first
30 minutes, and es the period increased, the sorption rate
deocreased., A period of 30 minutes was found to be sufficient
at a pressure of 2 om, 0 produce a high mortality but at
atmospherioc pressure, éven a period of 90 minutes did not
produce a satisfasotory kill of the inssots,

A
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(4) Q.grensris sorbed less hydrogen oysnide than O,orysae
and both the species sorbed greater amounts of tu;;gant

at reduced pressures than at atmospheric pressure. It
appeared that a pressure of 2 am, of mercury affeoted
c.oryzae tq a grester extent than O,grenaria and the
differenoce hetween the amount of fumigani recovered from
Satohea of the two species is greater at a pressure of

2 om, than at other pressures. There was 100 per cent
mortality of both the species at 2 om, pressure, but at
other pressures, C,granaria showed & higher mortslity than

0.oryzae,
(5) Mortelity in both the epecies wee found to increase,
as the insects sorbed more hydrogen cyanide,



RETENTION OF THE HYDROGER CYANIDE
BY C.GRaNARIA ARD C .ORYZAE
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RETENTION OF THE HYDROGEN CYANIDE BY C.GRANARIA
AND C,ORYZAE,

When infested stored products, fresh or dried fruits
or any other food is fumigated to kill the inseot pests
in it, attention ie immedietsly drewn to the question,
whether the materisl fumigated ocen be safely sconsumed by man
or net, To anewer this question, extensive work has been
carried out to find how much and how long and in what
form the fumigant sorbed is retsined by the materisl,

Practically no information is available as to how
the fumigants behave in the bodies of insects when they are
sorbed,

Lindgren & Sinclair (1944) found that sorbed hydrogen
oyanide completely dissipates from the ¢itrus scsle inseocts
within 4 hours of the end of the fumigation, Preliminery
expériments by the writer showed that G, granaria and
g.orysae 414 not behave 1ike the citrus scele insects,
when fumigated with hydrogen eyanide, From a few exploratory
experiments 1t was found that O, granaris and O.gryzae were
retaining some sorbed hydrogen oyanide in {heir bodies for
sevaral days and thet this fumigant could be recovered in
the usnal way. Table 27 shows the amount of hydrcgeﬁ
cyanide recovered from CO,orysse up to 10 dsys after
tumigation, (fig.21) |
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TABLE 27,

Recovery of hydrogen eyanide from the fumigated
d.oryeae at various times sfter the end of
gggisafion. ;hsaat- woere fumigated at a pressure
of 2 em, of meroury for 90 minutes, Cone, used:-
avqgg per 1itre (Insects were not “orushed").

Distillation period was %0 min,

gk el S
weight,
0 dey .275
2 days 216
6 v 174
0 * 157 x

x Hydrogen cyanide recovered, cslculated on “ary"
woeight ¢f the insects,
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~ Regovery of hydrogen cyanids from fumigated

g.orysae kept in still air for varying periods.
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These reults are different from these obtained by
Lindgren & Sinolair (1944) for the scale inseots,

More extensive work wés then undertaken to find how
much hydrogen o¢yanide is retained by C.granaria snd
g.orysae and for how long 1% is rctainﬁd. A1l the inseots
wvere fumigated for 30 minutes at atmospheric pressure,
2,000 inaactﬁ (1,000 of eaoh.spoeiqs) were fumigated esach
time and 3 doses 0f hydrogen oyanide were tried, The
inseots were divided into batohes each of which contained
100 individuals of one of the two species., One batch of
each speoiea was weighed before tuéigation and the other
batches a{ insects were weighed after tuﬁigation. The
hydrogen oyanide wes distilled 1mmodiata;y after fumigation
from the two batches of inseats previously weighed, The
procedure adopted was the same 28 in other experiments,

The insects were "orushed" and 1-2 small drops of 10 N H2S04
. added to 3 wl. of water in the distilling $u be as usual,
The other batches of fumigated insects were separated out
in groups of 100 each and were put into specimen tubes

after weighing, No food wae supplied to these fumigated
insects, All the inseots were kept in the constant tempera-
ture and humidity room, and the hydrogen cyanide was
recavered from the fumigated insects at varying intervals

of time, The results are given in the tables 28 and 29

and the fige.22 and 23, '
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It is ihterosfins to note that 0,granaria and 0.grysae
retained ms much as ,07-,11 mg, of hydrogen oyanide pér &
body ieighﬁ and ,07-,085 mg, per g. body weight respectively,
for as long ae 70 daye afier furigation, The form in whioh
the fumigant was fetained was not determined, It may have
been partly in the form of a ayanohydrin«like aompound,

Ae expected, the rate of fall in the recovery of
hydrogen oyanide was greatest immediately after fumigation
end fell asymptotically to a lower level, the rate of
fall being very smell after 10 daya. Aftor'fumigation |
with high doses, the recovery figures are more irregular,
As the dose of hydrogen oysanide was incressed, the amount
80rbed and retained also inoreesed, It was now certain
that the hydrogch cyanides behaves in a differant way in
different inseots e.g. sorbed hydrogen oyanide in oi trus
scale inseota dissipates within 4 hours after fumigation
(Lindgren & Sinclair (1944)) whereas in 0, granaria and
g.orysse it is retained for 70 days after fumigation,

The hydrogen cyanide recovered from the fumigated inseots
after 24 hours of fumigation was osrtainly less than the
amount recovered immediately after fumigation. The question
now arises as td what are the factors responsible for the
fall in the redovery of hydrogen oyanide from the fumigsated
inseots, Is it that hydrogen coyanide is slowly diffusing
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TABLE 28,

Reoovory of hydrogen coyanide

anaria on various days after fumigation,

Atmos. prosa. 78-76 8" Period of fumigation -30 min,

from fumigated

Temp, 23 C.
Cone, in Wt,.of the W$., of the insects HCN recovered
mg. per  inseots on on various 4 Mg, /Gu, body Wt,
1itre, 0 day. after fumigation. on various days
- _after fumigation,
273.9 mg, = 04 a2 0 day
268.5 » 217.,4 5 day o127 3 days
269.6 " 167,6 10 ' 082 10
266,5 144.2 5 » 079 15 *
51.5 27,7 " 147.8 20 v 072 20 "
270.4 ™ 146.3% % 072 % v
26%5.4 » 142.5 40 " 072 40 v
266,7 " 144,2 5 * 060 50 *
266.9 144,35 60 " 071 60 ™
265,9 1%0.1 70 * 072 T0 *
284, v - 0 dsy « 358 0 dey
267.8 ¢ 225.9 5 days .135 5 days
254,2 ¢ 145,7 10 » 083 110 »
26%.1 * 145,2 5 » 113 15 »
70.4 261.2 ¢ 144.0 20 *» 080 20 »
263.0 " 144.4 30 " .102 30 *
272.4 * 151.8 40 " - 110 40 *
265,9 * 147.4 50 » .098 %5 *
268.3 " . 146.9 60 090 60 "
261 ° 2 " 151 » 7 ’ 70 " ) 105 70 "
273.2 . - 0 day «461 0 day
271.3 * 215.8 5 days «125 5 days
278.1 ¢ 173.4 0 * 129 10 »
262,% * 14%,3 15 » 137 15 v
93.0 265.,2 " 155.7 20 v 140 20 "
272,8 = 151,0 0 " 114 30 ®
269.7 " 148.6 40 " 096 40 "
258.4 " 141.9 50 " 112 % *
7.1 " 152.2 60 " Jd22 60 "
272.9 ¢ 158.6 70 * 039 70 "
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TABLE 29.

Reqovery of hydrogen oyanide from fumigated

C.orysse on various days after fumigation,

Atmos, press, T5-76 go. Punigation periocd -~ 30 min,
_ Temp, 25 C, N

Cone, in Wi, of the Wt. of the inseots HCN recovered
mg, per  insests on  on variocus days  Mg./Gm. body Wt.
1itre. 0 day after fumigation, on various days

' - ‘ after fumigation,

ng,
265.1 mg. - 0 day » 208 0 day
260,6 v 179.3 5 day. «1%1 5 days
01,7 ™ 158,7 o 123 10 »
64,2 ® 132.4 15 = .087 15 »
51.5 24%.3 * 123.1 2 " .081 2 »
2%30.,0 " 117.3 5% = .083 % =
64,2 » 1%6.9 40 » «076 40 »
257.5 = 126,4 5 » 052 50 »
256,9 126,5 60 * 078 60 =
256.4 ¥ 1%3.6 70 *® «070 7 ®
256,0 * - 0 day « 234 0 day
273.8 » 216,2 S days 192 S days
263,1 » 141.% 10 » .078 10 »
269,0 * 1%9.4 15 » +108 15 »
70.4 256.6 131.1 200 » +Q70 20 »
262,0 133.9 % = .069 30 =
68,2 13,0 40 * .064 40
253,00 " 134.1 % = .070 % »
262,2 ¢ 134.1 60 v +080 60 *
258,2 * 1%6,6 70 o «070 0 =
263.,6 " - 0 day 410 0 day
259.5 174.1 % days «123 S deys
265,060 * 14%.1 10 » .136 10 ¢
258.0 » 136,2 15 » 101 15 »
93.0 251.4 " 131.6 20 v «10% 20 »
253.,9 » 133.7 % » 087 "
252,7 " 13%.5% 40 087 40 *
256,2 » 135.2 50 = 082 50 *»
255,3 » 138.0 60 * o1l 60 =
251,2 » 137.8 70 » + 084 70 »
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away through the spirscles or other paris of the bodies of
the insects after fumigation, or is it thet, 1t is Gonverted
in some compound, whioh d0es not "liberate" hydrogen cyanide,
eéven on distillatich?

Soms,oxperinonta_wcrc carried cut to find the amount
of hydrogen oyanide diffusing from»thd insects and the
amount that could be recovered by distillation. Qfter
fumigation-600 inseots (300 o emch =zpecies) were funigated,
with hydrogen cjanide for 90 nminutes. Only 2 preasures,

2 om, of mercury amd atmospheric presauri; were tried,
Hydrogen oyenide wae distilled from fho prtvienily weighed
inseots immediately after fumigation and the other fumigated
inseots, after ﬁeighing, were put into the outer cavity of
8 "Conway Unit"; the inner cavity of whieh contained

1 ml, of 5% of a solution of sodium carbonate to which

2 ml, of water were added so as to f111 tﬁs cavity up to
the brim, 100 insects were put in esch unit and this
provided 2 replicates for each specises, The unmit was
covered with a glass plate and kept in the constsnt
temperature — humidity room. The solution of sodium
carbonate absorbed all the hydrogen ayahido diffusing from
the fumigated inseots and the amount recovered by this
method gave the amount of the hydrogen cyanide diftusing'
from the insectst Lodies through the spiracles or through
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some other parts, Each time, the solution was taken out in
a test tube from the inner cavity of Conwey Unit, and the
cavity washed oarefully 5 times and the wash water added

to the solution, One ml, of 1 per cent piorio acid was

then added to the solution, which was then made up %o

io ml. The aolutinh wae heated for 3 minutes and the
abaorbed hydrogen cyanide determined as previously describded.
A fresh solution of sodium cardonate was again put in the
inner cavity, whioch was filled to the brim as before and

the experiment was continued, By this method it was possible
to find gut the amount of hydrogen cyanide diffusing from
the insects' boldies durins-uvery P4 nevyve, for the first

3 days after fumigation,



144,

. TABLE 130,
Recovery of hxdrogeg cyanide from gggigated ;ggeggg.-
Exp, period 90 win. Temp, 250C.
%xpf. Species. Conc. Pres- 5 _9H.sssgzexsg_:_msélsgé,_g_x.nt by
0. in sure ig=- Dig~ Total Conversion.
mg/l. in em.  till- Diffusion on _ $111-  Diffu- o
of Hg. ation 1st 2nd .3rd 6th 16th Total '~ ation sion and , a=b
on O Day Day Day Day Day on 17th Distillp-
day 4 ' Day tion.
, (a) | (b)
C.gr.1 .19% ,046 .025 Nil Nil 264 .189 .453 . 346
(1) 0O.gr.2 90.3 75.8 .799 .203 .046 .025 .021 .Fil . Z .164 459 | .340
g.or.1 , .163 025 Nil Nil Bl .188 '129 .347 .306
C.or.2 .653  .20% .031 Wil VWil Fil .234 .188 422 .231
O.gr.1 .217 .060 .022 .022 Wil .321 .127 A48 .393
(2) OC.gr.2.118.6 76.7 .841 - .053 .023 Nil Wil - .129 -
C.or.l .229 .042 gil _gil §11 - .284 .176 .4go .315.
C.or. . . .0 i1 1 Nil 311,171 . .2
or.2 775 263% .04 b 3 IBZh 482 93
dg d -
g.gr.l .102 .026 .026 .026 Hgl .180 agz . 362 . 247
(3) U©.gr.2 38.4 2 .609  ,132 ,026 .026 Wil Wil .184  .250 434 | .175
O.or.1 .216 .045 .045 .049 Wil .355  .Zl2 .567 .319
C.or.2 .886  .253 .045 041 .082 .037 A58  .196 . 654 .232
g.gr.1l .14z .040 .029 .022 Nil .233 . 233 - .466 -, 290
(4) 0O.gr.2 51.6 2 .756  .149 .038 .026 .022 Wil 235 .179 LA14 342
g.or.1 .303 .066 .049 .074 .029 521  .262 .783 . 283
C.or.2 1.066  .347 ..066 046 .077 .027 563  .277 . 840 . 206
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TABLE 30A.

Condensed data from Table 30, Mean of the two

Teplicates is itsken,

e e
. 13th dsy Qitfuaion. dis:iiif—

1 . 799 279 aT6 349 . 22,0 43.1

2 .841 321 128 8.2 15.2 46.6

3 ) Qegramria 609 - as2 .216 29.9 355 34,6

4 i 756 234 . 206 N0 27.3  4L.T

1 .653 211 173 32,3 26,5 41.2
2 JTT5 .297 173 38,3 22,3 39.4

5 | Demime o . 406 .204 5.8  23.0 31.2

4

1,066 542 .269 50.9 25,2 23.9
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The reauita Bre given in the Tables 30 and 30A.

As expected, more hydrogen oysanide was abzorbed during
the first period ¢f 24 hours after fumigation than during
subsequent perlods, It is interesting to note that the
- traces of fumigent were rescovered up to as long as the
12th day after fumigation, in one experiment, but in other
experiments there was no recovery after the 6th day,

19-32 per cent of the amount sorbed diffused from the
insects' bodies during first 24 houras efter fumigation,
und slowly this rate of dirfusion deoreased, VWhen no more
fumigant diffused in the Conwsy Units, some more hydrogen
oyanide was rescovered from the inseocts, which were by now
gonasiderably dessivated, by distilletion in an ailr stresm
in the usual way. The amount thus recovered was presumed
to be the proportion of hydrogen oyanide that combined

in the insects' bodies and probably formed oysnohydrin-like
compoeunds, from whieh 1% was possidle {0 recover hydrogen
cyanide by distillation, whereas the amount obtained by
way of aiffusion appears to be the free hydrogen oyanide
which slowly Aiffused from the inseots’' bodies.

The total smount of hydrogen eysnids recovered by
these itwo methods was still less than the amount sorbed,
(as determined by cool aeratien and distillétion of another
set of the inseots immediately after fumigation) and this
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difference was attributed to the formation of a eonpouhd
in the inseots' bodies, which did not liboratdfhydrogon
oysnide even on distillation or in other words, the
hydrogen oyanide which wae irreversidly combined in the
inseatst bodies,

In these experiments, it 1s‘assumed that ell the insects
sorb the same ox nearly the same amount of hydrogen oyanide,
Thus it oen be said that 30~50 per cent of the sorbed
hydrogen oyanide diffuses away from the insects' bodies, and
that 15-35 per cent is retained as a compound prodably
oyanohydrin, which liberates hydrogen oyanide on distillation
and finally that 24-46 per cent is converted into some
compound from whish it is not possible to recover hydrogen
oyanide by the methods available (See Tabls 304).

This kind of'rcsoarnh, though not directly of economic
importance, is interesting in iiself, and for ite place
in the fundamentsl investigation of the mechanisa of

fﬁmigation. Many questions yet remain unanswered -

(1) What are the different c¢ompeunds formed by the hydrogen
cyanide in the insects' bodiesn?

(2) Why does the hydrogen cyanide sorbed by the insects
react in a different way'in'difforent insects? e.g In
fumigated citrus acale inseots, the hydrogen oyanide sorbed
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dissipates within 4 hours from the end of the fumigation

gand thereafter no more oa‘n' be _rooovored (I.indgren & Binolair
(1944)) whereas sorbed hydrﬂgan.eyanide'ie retained for as
long as 70 days after'tﬁnigation of C,granaria and C,oryree

(3) At what rate is the hydrogen cysnide diffusing away
from the inseots’' bodies, and being converted into various
compunds?

It is hoped that someone will teke up the research on
these lines and try to throw light on the above questions,



PART III. SORPTION ANRD RECOVERY OF HYDROGEN

CYANIDE FRGM THE FUMIGATED INSECTS.
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" INTROTUCTION,

The recoevery ¢f hydrogen ¢ysnide from the inseots
imrediotely efter fumigation -indicetes indirectly the amount
¢f hydregen cyenide sorhed by the inseots during the fumige-
tion, but leaves one question unenswered, visz, is there any
chemical conversion of hydrogern coyaride in the ineseets!
bodies during the fumigatior period? As hae been shown in
the previcus part: of this thesis by orushing the inseots
end ther distilling the hydrogen coysnide from the crushed
insects in a suspension of pH about 3,2, more hydrogen
eyanide coulé be revovered fhen from n suspenai;n of pH
sbout 1.2, Unless the method of reco#ering the hyérogen
cyeride from the fumigated inmects is perf;ot, it is not
fair to eseume, that the fumigant recovereéd from the
fumigeted insecte is the oeme es the awount scrbed by the
inceots, Pradhan end Bhetie (1951) found thet the serption
of hydrogen oyenide by the inseots wes grecter then the -
recovery, from the insects,

In viow of the results obtzined by the sbove mentioned
workere, it wee considered esseniiel to endeavour to throw
sore iight on thie preblem of sorption and recovery of
hydrcgen cyanide by veing the medified end improved methed
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adopted in the present work, ESome experiments were there-
fore carried out with C.granarias and C,orysas in & small
especinlly dui»_sned funigation epparatus t¢ find the
difference, 1if any, between the sorption and recovery of
hydrogen oyanide,
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REVIEN OF THE LITERATURE,

Since prasticslly no infoiuntion is sveileble on
the sorption and recovery of hydrogen oyanide from the
fumigated 1ns-atn,;a olear pioture of the entry end
behaviour of the gas in the insects' bodies camnot be
formed. Moore and Carpenter (1938) determined the smount
of hydrogen oyenide morbed, but never tried to recover the
hydrogen cyanide from the fumigated insects, ILindgren
and Sinolair (1944,1945) reaovered the hydrogen cyanide
from the fumigated insects, but made no attempt to find the
smount sorbed by the inseots, Pradhan and Bhatia (19%51)
appear t¢ be the only workers to attempt the determination
of the sorption as well as recovery of the hydrogen ¢yanide
from the fumigated insests., They found that the hydrogen
oyanide sorbed was considerably mere than the amount
‘recovered, and they attributed the difference to the
oonversion of some hydrogen vyanide in the inseots' bodies
into some compound, from whiaﬁ it was nof possible to
recover hydrogen ayanide, |

These are the few references svailable and the picture
of sorption anmd recovery of hydrogen cyanide from the insects,

as presented to us today, is still far from complete,
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MATERIALS AND METHOD,

ALl the blologiesl end chemlosl materisls were the
same as previously described, The hydregen cyenide in all
oases was determined by the slkaline piorate method,

Description of the fumigation spparatus,
The apparatus was espeoially deeigned for investigating

the soxption of gaseous hydroésn oyanide by the insects,
(fig.1.) It coneimts of & gae chamber A, insect chember B,
and & stopper C, The insect chamber is provided with a
big hole D, sbout 1 em, in dismeter and a small hole E,
Thie chamber fits in the barrel of the gas chsmber and is
closed with the stopper, The two chambers sre conneoted
to each ether through the big hole, or the insect chamber
is oconneoted to the capillary tube F, through the small
hole. In either case, the other side is discornected from
the inseect chamber., The capscity of the gas chamber and
insect chamber is 11,56 and 10.16 c¢.o0. respectively., The
method of fumigating the insects and determining the sorption
is describded beloy.

Method of fumigating the Insects,
The gss chamber is completely evacuated by attaching the

apparatus t0 the vacuum pump, which is kept rumning for sabout



Fig.l - ?umigatioh apparatus for determining sorption
of hydrogen cyanide by the inaects.
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15 minutes, The gas sample is then taken into the gas
chamber from the big reaervéir, ihAwhieh the desired
sconcentration has been Qatablished. The first ssmple is
taken 4-5 hours after an empoule containing a weighed
anmount of hydrogen cyanide is broken 15. the big reservoir,
The stop-cocks are kept opén for about 3 mimutes for the
diffusion of the gas to oasour, The inseots are weighed
before they are put in the insect chamber, which is then
kept open te,gaé chamber for the particular period of fumi-
gation, Within 1 minute after the insect chember is opened
to the gme chamber, all the inseots become inactive and in
that condition they are spresd out in the inseot chamber,
The incsects were fumigated at 2590, It was found from the
preliminary experiments that 5 te 10 minutes were needed for
substantially complete - diffusion of the gaseous hydrogen
oyanide from ¢ne chamber to the other. (Table 1), and this
period is ¢f oourse very small compared with the fumigation
periode employed, »

Method of studying the sorption of hydrogen oyanide

by the insegts.

The inseots were fumigated as described ebove, After
the fumigation period is over, the gaseous hydrogen cyanide
is first colleoted from the insect chamber, to which two
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bubblers, containing sodium ecarbonste solution are attached
by short pleces cf rubber tube. The air is pasged through
the chamber to aweep away the hydrogen cyenide which is
trapped in the bubdblers. The rate of passage of alr is
slowly increaged from about 10 a.6./minute to over

250 0.c./minute, und within 15-E0 minutes, all the hydrogen
oyanide is collected in the bubblers. The insects are then
rem@ved, care being takan.ririt-to wipe the grease from the
neck of the chamber, so that the insects may not be contam-
inated there. The insect chamber ia then again eonnected
to the gas chamber, and air passed through ths whole
apparatus so as to sweep away the hydrogen cyanids from

the gas ghamber. The amount of hydrogsn cyanide collected
from the ingect chamber, represents the gas remsining in

- the chamber plus the gas superficially held on the surface
of the insects. The amount of hydrogen cyanide in the

81r space of the insect chamber is calculated from the
concentration deduced from the amount obteined from the

gas chamber. In general, the total amount of hydrogen
oyanide obtained from both the ehambers together was found
to be less than the blank and the difference was the amount
of hydrogen cyanide sorbed by the insects in their bodies
during & particular fumigation period. Both the specles
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of Calandra were fumigated &t atmosrheric pressure for
1,4 and 12 hours, with doses of 4, 9.1 and 15.l1 mg. per
litre, and the amount sorbed was determined as above

desoribed.

Reocovery of hydrogen csyenides from the fumigeted ingects.

The hydrogen cyanide was reecovered from the fumigated
insscts exactly in the same way &s previously deacribed,
except that the pH of the suapension, this time wes aboutb
3.2

It was thus poesible to £ind the amount of hydrogen
cyanide sorbed by the 1n§ects'and alsc to recover the
hydrogenroyanido Prom the game ingects. This provided the
complete plature of the sorption and recovery of the fumigant
from C.granaria and C.orysae when fumigated with hydrogen
- eyanide.

Reservoir. Thig was a pyrex glass flask of about 25 litres
eapacity, covered with a heavy metal plate, The plate was
tin-plated on the inside s0 as to avoid loss of hydrogen
cyanide on the metal., An ampoule e¢ontalning a lnown amount
of liquid hydrogen cyanide rested on a platform suspended
from the plate. A wide glass tube of esbout 1 ems internal
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diameter with a stop-cock was fitted in the plate, for

the evacuation of the flask and another capillary tube
with & stop-oock was ugsed for taking various samples into
the gas chamber of the fumigation apparstus. The flask
was evacuated to about 4 ocm. of Hg. and an ampouls gontain-
ing liquid hydrogen cyanide was broken with a solid glass
rod which passed through the metal plate immedlately above
the ampoule platform. The flask was then brought to atmos-
pherie pressure and shaken many times before any sample was
taken. A tinned plate was suspended from the top of the
flask and helped in mixing the gaseous hydrogen cyanide
with the air in the reservoir when the flask was shaken.

A desired concentration was thus established in the flask
and various samples talen to fumigate the insecats.
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pHi of the Solution during Distiliation.

A few experiments were carried out to recover the

hydrogen cyanide from the fumigated insects, using
solutions of different pH. In the previous experiments,
1-g amall drops of 10 N sulphuric acid were added %o
3 ml. of water and the pH of the solution, when dstermined
on pH meter was found to be about 1.2 Some 10 N sulphurie
acld was then dlluted 200 timesg and 1-2 amall drops of this
dilute reld added to & ml. of water made the pH of the
solution abbut 3«8 Thege two solutions of pH 1.2 and
3.2 respeatively wore first triled and the hydrogen cysnilde
recovered from two batches of the insects fumigated together
in the seme chamber and otherwise under other ldentical
econditionse The resulls are given in Table3l. It was
 found that more hydrdgen cyanlde was recovered when the
solutlon of pH 3.2 was useds In these experiments also,
aavwith the crushing of the insects, the increment was
not regular, but in all the distillations carried out
with both the speciea, more hydrogen oyanide was recovered
ag the pH of the solutions increased from l.2 t0 3J.8.
The reaulis were.promising and some 10 N sulphurie aecid
was this time diluted 40,000 times, and 1-2 swall drops
of this dilute aoid, when added tb 3 ml. of water, made
the pH of the liquid about 4.7 This solution was then
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tried. It was found that t:horo was practiecally no difference
in the recoveries of hydrogen cyanide from the fumigated
ingeots when the solutions of pH 3.2 and 4.7 were used for
the distillations. In all the experiments reported in

this part of the thesis, the recovery of hydrogen gyanids
from the fumigated inseots was carried out with the

solution of pH &bout 3.8
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BIR 3.l

Regovery of HCHN from the 1g§eot3 1mmadlatel¥ af ter
funigation using solutions of fferent pH.

Praeassure = 2-¢ em. of Hg.

Exposure perlod = 90 minutes. Temp. 26°C.
HCN Conoc. 3Specles PH of HCHN recove~ Incre~- Remark,
mge per tried. the ered mg/gme. ment.
litre. solu- bDody welght.
tione:
‘ . " 1.2 .5 ie )
10.24 Cepgranaria 3J.2 +426 ) «048
: 1.2 691 )
24,98 cogrmia Sel «866 ) o178
| 1.2 395 )
1)Cegranaria 3J.2 480 ) «087
14,76 1.2 2135 ) ) HCN recov~
_ 2)C.granarie 3.2 270 ) «0567 ) ered after
about 20
hours.
1.2 ol64 )
1l)c sgranaria 3 o2 182 ) «018
4,89 1.8 «188 ) ) HCK resov~
: 2)C.granaria 3.2 157 ) «029 ) ered after
about 2
hours.
JeB o324 )
1)Ce.granaria 4.7 o327 ) -
8455 3.2 291 ) } HCN recov-
2)C.granaria 4.7 297 ) = ) ered after
about 2
hours.
le2 «839 )
. 1)0 .og_zm Se +840 ’ +210
22.0 . 1.2 67 ) ) HCFR recov=-
2)C.oryzae 3.2 709 ) «137 ) ered after
about 2
hours.
40,65 C.oryzes 3.2 1.183 ) +199
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PRELIMINARY EXPERIMENTS

(1) Diffusion of gmseous hydrogen cyanide from the

gas_to the inseot chamber and
(2) sSample Variation.

Diffusion of ga&s from one chamber to the other,

A few experiments were carried out to determine the
tine nesded for: the gas to diffuse from one chamber to
the other so that there was no measurable difference of
gongentration. Various sonvenitrations were estadblished in
the B*litro flask and gas gamples taken in the completely
evacuated gas chamber of the fumigation apparatus. The
insect chamber was then conneoted to the gas ohamber for
various periods and the gas was collected separately from
both the chambers, as described before. The hydrogen
oyanide collected in 2 sets of bubblers gave separately
the amount present in esch chamber. The hydrogen oyanide
obtained from the insect chamber was the gas that diffused
from the gas chamber in tho'partioular period.

The results are given in Table 1.
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TABIR 1.

Diffusion of gaseoug hydrogen ozanigg from
one_ghamber $o_the other at various periods.

Sample Diffusion HCON obtained HCN obtalned Theoretical

Nos .-Period in from gas from ingset  amount of
Minutes.  chamber chamber HON i1 ingect
(1n mg.) (1in mg.) ghamber
(in mg.)
(1) 18 © <058 : 0044 0046
(9 ) 18 - +080 0043 o044
(1) 10 088 . «073 078
(2) 10 «081 073 +071
(1) 18 #1012 «090 0089
(8) X 16 hours 0102 084 «090
(1) 5 130 106 RS T
%3 } 8 +128 +101 o113
S

10 «128 «107 o113

x To study the loss, due to0 grease dnd leakage.

One sees from the Table 1 that 5-10 minutes are
sufficient for the complete diffusion of the gas. In the
sxperiments reported in this part of the thesis, the
minimum period used for the sorption of the hydrogen
oyanide by the insects is 30 minutes, which 1is nearly
6 times the period n@eded for the complete diffusion of
“the gas from one chamber to the other.
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Sample Variation.

Before the oritical tumigations were oarrisd out in
the apparatus, 1t was dooidnd;to'do some preliminary
o;pofimentl on the :amplol§§riaﬁionl. A desired soncentra~
tion was eatablished in the 25 litre flask and various ‘
gas semples taken in the gas chamber. The insect chamber
wag connected to the gas chamber for various periods,
and the gas was collocted from the whole apparatus and not
fram;each chamber lepﬁrately;. The flask was shaken many
times before any sample was taken after various periods.

- The results are given in Table Z.

| The Tabia £ shows that there was no great difference

batwien any two samples and that there was no &ppreciable

loss of hydrogen eyanide during the fumigation.caused by
TABIE 2.

Sample Variation.

Sample Perlod between Ingeat chamber Hydrogen cyanide
No. ampoule Mreaking eonnected to obtained from the
- and sauple g&s ochamber apparatus.
taking in hours. for various
- _period in hours.

P 2 3? 057 mge
2 7 _ 2085 *
S o 16 054 "
4 87 2 0885 *
) § 3 2 Jl85 "
2 6% 18 o122 ¥
3 28 : .120 *
4 30 8 dsys 118 "
8 9 days 108 %
6 “. . dog "
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lealmge ox lorptionz'éruu for as long as 8 days. When a
_particular goncentration is establiszhed in the blg :
reservoir, there is & noticeable loass of hydrogen oyanide
in 9 days, whiech is probably caused mainly by leakage.

It was thus found that this spparatus was quite satisfao~
tory for studying the sorption of hydrogen cyanide by

the insects with various eoncentrations and for the

dirferent periods.

Sorption of hydrogen cysnide by §.granaris.
In the small apparatus, when J.gransria were fumigated

for 18 hours, 1t .na found that the amount of hydrogen oyanlde
remaining in the apparatus after fumigation was nesrly half
the emount, initially taken. As it was decided to do same
fumigetions for 12 hours, to find the effect of longer
periocds on the sorption and chemigoal oonversion of hydrogen
cyanide in the C.granaria, it was essential to determine
how quickly the gongentration of hydrogen cyanide was
falling in the apparatus, in other words, to £ind out the
rate &t which the hydrogen cyanide was sorbed by the
C.granaria, ,

The insects were fumigated &s previously desoribed

for various periods from 4 to 16 hours and S congentrations
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of hydrogen oyanide 4, 9.1 and 15.1 mg./l. were tried.

As soon as the exposure poriod had expired, the apparatus.
was comected to the bubblers containing the solution of
scdium oarbonate, by means of a short plece of rubber
tubings The air wes passed through the apparatus as a
whols, .a.nd_u‘tox' £20-25 minutes, the bubblers were dlsconnected
and the hydrogen cyenide in them determined. Two blanks
were oarried out to find the amount of hydrogen ayanides in
the fumigation apparatus, whiech provided the initial amount
takens The hydrogen eyanids colleated in the bubblers

after the fumigation of the ingects for various periods,
gave the amount ramiini-ng’ in the apparatus, which was still
avallabls to the .thuotl.- The diftoron’oc between the amount
of hydrogen gyanids in the blank, and the amount remeining
in the apparatus afier fumigation, gave jtho amount gorbed
by the insects in the partioular periocd. All the results
wers calculated as mg. of hydrogen cyanide sorbed per gram
“boedy welight of the ingeats before fumigatlion.

| The results are given in Table 3 and figs.2 and 3,
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TABIE S
Sorption of hydrogen ocyanide by C.granaris.
Blank  Exposure Hydrogen Hydrogen Wt. of the Hydrogen
hydrogen Period in cyanide in ocyanide Ingects. cyanide sorbdbed
cyanide Hours, the appara~« sorbsd bty per mge/gs
in mg. tus after the C.granaria. body wte
: rumigajion. s , : Ik
a) - b ‘ a=b Lo : ‘
I T e b Ty T T S
«087 B 1 «076 : o011l : R72.2 . «040
equivalent 2 078 " 009 * g8g.7 * 038
to 4 067 " g0 " £279.1 * 072
4 mg. per 8 €065 " 032 " 279.2 " . 115
litre 12 O4s v 048 * 280,9 " - 1B
' 16 042 " 3 045 * g15.7 * " #163
B 4 Jles " 2012 ¢ £75.1 " 044
«197 1 o176 " 021 * 73,3 * 077
equivalent 2 ol66 " 032 * 281,1 * o114
to . 4 o136 ™ 081 " £267.7 " «£28
9,1 mge per 8 o141 " 056 " 272.,9 " «205
1litre 12 ol26 " 071 °® 273.0 * «260
‘ 16 do7 " 090 ® 269.1 * P 3.7
1 o304 ° o024 " 2.7 " - 2087
<528 2 297 " 031 * 29,8 "* - L135
equivalent 4 280 " 048 * 238.,8 "~ «£01
to 8 240 " ©88 * 270.1 " | +326
15.1 mge. per 12 207 * 21 * 22,1 * o845
litre : ie o181 *® a7 ¢ 271,56 * o541

¥loss thaﬁ 100 insects were taken.,
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We see from Table 3 and figs.8 and 3 that as the initial
amount of hydrogen oyanids taken in the fumigation apparatus
~ ingreases, the sorption of the fumigant by the insects also

. inoreases.

When adults of C.granaria are fumigated for 1 hour
there is very little difference in the amount of hydrogen
eyanids sorbed with the concentration changes, but the
differsnces become more pronounced at longer exposure periods
such as 12-1€ hours. The aVerage rate of sorption increases
from 01 0 .034 mg. per hour, when the weight of hydrogen
cyanide taken in the apparatus inoreasss from 087 to
o328 mge These results show that at atmospherie pressure,
insects are continucusly sorbing hydrogen cyanide right up
to the end of a 16 hour por;od of fumigation, and that there
~ 48 no sign of saturation of the ingects' tissues with the
hydrogen eyanide sorbed. The rate of lBrptLon, a8 expected,
is greateat at the beginning of the fumigation, and slowly

- decrsaces 28 ths exposure period increases.

Soxrption and recovery of hydrogen eyanide from
the insects. _

The ingeots were fumigated for various periods and the

amounts of hydrogen oyanide sorbed and recoversd, were
deternmined as previously desoribed. The results are given

in Tables 4 and 8. The results show that there is practically
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no difference in the amounts sorbed and recovered, when
the fumigation periods are short, viz. l-4 hours. When
the fumigation periocd is longer, 12 hours, there appsars
to be some dAifference in the amount sorbed and recovered.
. The slight differences obtained with 1 and 4 hour fumiga=-
tions camot certainly be distinguished from errors of
manipulation ete. such as those invelved in taking various
samples, or in the recovery of hydrogen oysnide from the
tumigated.inaéotl. It is iory dirrioult to0 say if such
small differences are to be taken as the amount of hydrogen
cysnide chemically converted,

Ceoryzae was found to bs more sorptive than C.granaria.
It appears that in 12 hour fumigation, the differences in
gorption and recovery of hydrogen cyanide were greater for
c;ogzaae than for Ce.granaria. The difference between the

amount sorbsd and recovered is attributed to the amount of
hydrogen oyanide changed in the insects' bodles to some
compound, from which it 1s not poisible-to recover hydrogen
cyanide by the method adopted.

Pradhan and Bhatia (1951) fumigated the insects for
30 minutes only, and found that the hydrogen cyanide sorbed
wes greater than the amount recovered, but the results
presented in this thesis (Tebles 4 and 5) showed no

gonsiderable difference, hense some experiments were ocarried
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out with the technique adopted by the above mentioned
workera. They reocovered th‘a. hydrogen cyanide from the
whole inseots and used one drop of 10 N H2S04 in 1.5 ml.
of water (pH = about 1.8). Tho_dintilldﬁion period in
their case wes 20 minutes. In the writer's experiments
‘just reported the inseots were crushed snd the pH of the
golution was about 3.2 The distillation period in both
the above methods tried was kept the same, i.e. 30 minutes,
The hydrogen cyanide was recovered and determined as
desoribed before. The results are given in Table 6o

| The resultl} show that substantially less hydrogen
oyanide is recovered by the method adopted by Pradhan and
Bhatla, and that the method as quified for this work 4id
help in reocovering higher amounts of hydrogen oyanide from
the fumigated insects. It was thus possible to compare the
recovery results by both the methods and 0 ghow that the
so-called "convarsion" during small fumigetion periods may
be asoribed to the imperfeat technique employed for the
regovery of hydrogen cy_anide.
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Table §.
Sorption and recovery of hydrogen cyanide from Q.0 ’ fumigated~at
aspheri ggsure -76_com. of Mer T 25°0.
Exposure Conc. of Gono. of HON in mg. Oono. of  Total Amount Amount sorbed jmount recovered in Total Amount weight of Amount sorbed unt
period HON in mg. after fumlgation. HON in mg. recovered in mg. by the insects mg. from insectc. : recovered the insects by the insects g?gm ﬁh;egg:gg:g 32?7§§.°§3§§r:§d
in hours  before Gas Insect in insect from both the in mg. Aeratlion of Aeration in mg. in mg. mg./gm. body mg./gm, body wt. (f - g) '
- fumigation  gpomber Chamber  Chamber chambers after  Blank - c. insect chamber and dig- (a +e) wt. (e) ‘
Blank. ) alone : igation containing tillation. (g) :
(a ?nd R (b) {a +Db) = . inae?ts. (e)
nsects. . (d :
12 R el 034 03 on | 104 il ' .070 070 287.3 3% . 244 2118
. mgo . ' ' ’ ) ’ . . «
per litre ‘ ;
. X ’ ' .00 -O 6 .
1 .264, .123 .113 .108 271 | .033 n115 .0§8 83§ 2§4~7 116 .109 ‘ .007
4 equival- .105 .092 .092 197 - 087 | Wil 1094 °°34 | 2898 .22 - .188 .074
12 ent to .067 061 .059 .12 136 . . SRLY & : .327 , .146
12.2 mg- ) o ’ )
per litre
} | , | N1l .029 .029 298.1 11 | |
. : . J141 .140 2300 .034 98. .114 .097 .01
Lo ko -3 o Lo o lors 2354 282 o0 ‘014
1504 mgo

per litre
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TABLE 6. |
Two Methods of zegov\ggigg the Hvdrogen Cyanide Qomggﬂred.
Blank HON in HOKX in Exp, Wt. of Cforp- HON HQoN Conver-
Treptment HON mg. in mg. peried the tion recov~- regov- sion
ree in mg. the spp- sorbed in inceots mg./gm. ered ered mg./en.
(a) aTatue by the hours in mg. Dbody in mg. mg./gm. body wt.
after inse?ts - wt. body
funiga- (a-b wt.
tion
(b)
- . . 262,0  ,206 .028 .10 .099
°'gr‘§g3u§§?§§fng' %.gx; -264 T 833} 4 256.7  .164 040 1156 ..008
=1, .16 .100 258,1  .388  .058 .225 163
G-gr'igiuﬁi?ﬁgf“g‘ P %.gxg -264 ‘e 102} 12 258.7  .394 085 1329 . 065
y - . 280, " 232 .040 .143 .089
°'°”'Eﬁgug§?§§fng' P - %:gx; -264 .i%? .067%- 4 255.2 e ‘048 .188 = .074
- . . 283, . 070  .247 . 260
G.o r‘ééﬁuﬁﬁ?ﬁﬁfng’ M - %:gx -264 1158 ‘%§%§ 2 . aa%.% .2%; - .094 327 .146
: - .91 .040 265.4 151 032 .12l .030
ﬁ%iﬁiﬁ?ﬁéf“g’ §§ - %:g g =331 .533 .0213 2 253.5 .128 042 .162 N1l
g.or.§ -
W f = 1. . .056) 200. 7 .186 .034 .113 073
ééiuiiﬁﬁgf“g’ o - ;.g ; -389 .%32 .035) 2 '265.8 .1€9 081 152 .015
- . .0 279. .22 052 .186 046
E iuiiﬁﬁgf“g’ gﬁ = %:g ; 369 .%%3 .ogg; 4 25%.2 . 238 .055 .222 .016
o.g| - 544 00 375 .169
(vo crushing, PH = 1.2 244 145 266.7 .54l . .
(Crushing,  PH = 3.2 g -389 238 .1513 12

263.7 573 .120 455 .118

. *Thege figures tsken from Tobles 4 and 5.
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DISCUSSION.

| San»exporimonta wers carried out with Q.granaria to .
‘rind the hydroQOn cyanide sorbed, and the rosults show that
the 1ﬁaeots are gontinucusly sorbing hydrogen eyanide up to
a period of 16 hours. (Table 3, figs. 2 and 3). As the
period of fumigation increases from & hour to 16 hours, the
‘sorption also increeses, but to & different extent at
different concentrations. ‘fhe effect of exposurs period
is more pronounced At a dose of 18 mg./1l. than at the other
t-o'ooncontrationl, as gan be seen from the slope of the
straight lines. As the goncentration increasss from 4 to
15 mge/ e the 1lines become steeper and show that the inorease
in the amount of hydrogen cyanide sorbed during fumigations
of from 1 to 4 hours is less than the inecrease dwing
fumigations of frum 4 to 16 hours, The concentration changes
produse very little response during fumigation ¥f 1-2 hours
Auration compared with the response produced in & funiga-
tion lasting 18-16 hours. The differensce in response 1is
especially marked when comparison is made between the
shortest and longest periods. Thé results agree, in general
with those obtained previously (Table 12 pt.II).

This table shows thet, with tho'ihoreaao in the dose
from 12 to 44 mg. pbr 1itre the hydrogen cyanide recovered

from C.granaria inoreased from .066 to .287 mg./gme body
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welight, when the funigation period was 1 houf. It i
congluded that concentration ghanges produce greater
effeeta.when the exposure period is from 8«16 hours, than
at shorter periocds, such as 1-2 hours, and that fumigation
with hydrogen cyanide dt atmospherie¢ pressure for short
expogure poriods'shouid therefore be avoided.

Peters (1936)'atatos "small amounts of hydrogen
oyanide cause, in the case of the granary weevil, a shoeck
oxr stupefying effect that results in cessation of respira-~
ﬁion; The hydroc&anic wcid oan then only enter the body
by diffusion, for which high concentrations and long
exposures are negessary” , (therefore relatively greater
resistance of coggannrli for hydrogen cyanide). Presumably
the diffusion referred to is diffusion through the cuticle.
Macklie and Carter (1837) concluded « "One factor not gener-
ally considered among those engaged in fumigation of grain
is what may be called protective stupefaction, which ogours
when,ooncentr@tion of a gaseous insecticide is not suffie~
clently strong to kill an insect immediately but knoclks it
out and causes = suspension of its normal breathing
function, thus proteoting it againgt the action of a
‘fqmlgpnt. Iindgroh (1938) reported that C.granaris was

readily stupefied by & low concentration of hydrooyaniec
acid.
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Neither of these workers have determined sorption,
and 1t is Aiffioult to give reasons for the mortality
response that Lindgren obtained with the double treatment.
He obtained a lower mortality of C.granaria, when first
funigated with small amount of hydrogen cyanide and then
funigated again with high concentration. These results
he compared with another batoh of the insects, which was
fumigated with a similar dose, but 4id not undergo the
pretreatment, The sorption results presented in this
thesis show no indication of the so-called "protective
stupefaction®. The following faots sumarise the evidence
on which thoio statements are based.

At no stage from % to 16 hours has there been any
sign of a sudden increase in the hydrogen oyanide sorbed.
The results obtained with doses from 12 to 44 mg./1l.
('rabhlzp?'aznd with doses of from 4 to 18 mg./l. (Tadble 3),
when ccmpared for a :unigation period of 1 hour show in
general a good agresment. In the apparatus used for the
determination of sorption, the hydrogen oyanide talksn was
only 0.087 mg. (equivalent to a dose of 4 mg. per litre)
and this hydrogen oyanide had to diffuse from the gas to
~ the insect chamber. The inseats therefore were subjected
to very small amounts of hydrogen oyanide in the beginning
of the fumigation, whioh can result in cessation of
respiration and thus greatly reduce the rate of sorption
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of gase Such a phenomenon 4id not take place and the
ingeots continued to sorb the hydrogen cyanide. In the
previous experiments en ampoule containing a certain
amount of ligquid hydrogen coyanide was fractured and the
insects were subjected to a high conoentration from the
beginning. Comparing both the methods of fumigation, it
is found thet the results do not support any such phenoe
menon as proteétivé stupefaction, But at the same time,
it is also certain that the changes in concentration of
hydrogen cyanide produce littles effect on the sorption
by Ce.granaria, when fumigated for 1l hour, whereas when
fumigated for 1€ hours, the same insects with the same
changes in eoncentration show considerably increased
reaponse. The results thus show that adults of C.granaria
are able to offer resistance to the entry of hydrogen
oyanide into their bodies, but it is dAifficult to believe
_ th#t,their respiratory system is not funotioning. If we
accept the idea that ceusation,prwre;plration is the
mechanism in question, then this mechanism must opsrate
for the whole fumigation period, which is as long as 16
hours, as at no stege is there any tendenscy to a sudden
inerease in sorption. The results obtained in experiments
conducted with equal soncentration-time products also
show that the amounts of hydrogen cyanide sorbed during
12 hours of fumigation with doses of 3-9 mg. per litre
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{(Table 2 pt.IV) are also comparsble to the sorption
results obtained, when the insects are fumigsted in the
smell apparatus. From all these results it 1s concluded
that adults of Q.granaria 4o not show anything like
protective stupefaotion, and that the amount of hydrogen
cyanide sorbed steadily increases with the exposure period.

An attempt has been made to determine the amount of
hydrogen cyanide sorbed and the amount that could be
regovered from the fumigated inseots. The results (Tables
4 and 5) show that &t shorter fumigation periods, such
as l-4 hours, there is practically no difference between
ths sorption end recovery of hydrogen oyanids, but at
longer periods such as 18 hours the amount recovered is
less than the amount sorbed, showing that scme of the
sorbed hydrogen syanide is probebly changed chemiocally
in the insects' bodies. Pradhan and Bhatia (1951)
fumigated larvae of Corgyra gephalonicae for 30 minutes
and found thet the amoun$ lorbod—wai greater than the
amount recovered and attributed the difference to the
amount of hydrogen oyanide chemically shanged into some
irreversible sompound. It hb.s been shown that an imperfect
technique for the recovery of hydrogen cyanide mey well
‘be the cause of this gonclusion. Table 6 olearly shows
that the same gonclusions would have bsen drawn if the
method of regovering the hydrogen oyanide from the
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funigated insects hed not been modified. It is difficult

t0 say, how far the results of Pradhan and Bhatis will be

affected, 1f they were to crush the insects and use the
solution of pH about 3.8, for distilling the hydrogen
cyanide, but the réaults 4o emphasige the importance of
perfoct teohniqm in tzhis kind of worke.

It will be 1nmrolt1ng to £ind the chemical eompoundl
formed, 1if any, and to determins thelr effect on the
moﬁtality of the lnsects, but from the present work, it 1is
not possible to throw light on nueh problems.



178
SUMMARY .

The inseots were fumigated in an especially designed
tumigation.appnrdtul and it was found that .granaria
eontinuously lorbed hydrogen cyanide up %0 16 hours and
showed no sign of the tissuss becoming saturated. The
results obtained show that there is nothing like protec-
tive ltupofaction in G.granaria, as reported by othor
workers. | |

- The amount of hydrogen eyanids recovered from
Cegranaria and C.orysase was practically the same as the
anount sorbed, when the insects were fumigated for l1l-4
hours, .but there was some difference if the ingects were
fumigated for 182 hourl, when the amount of hydrogen cyanide
sorbed was greater than the amount recovered. The differ-
ence is attributed to the gonversion of some hydrogen
cyanide irreversidbly in the insects' bodies into some
stable gompound.

CeOrysas were found to sorb more hydrogen syanide
than Ce.granaria under the conditions tried. ‘

It has been shown, howzn imperfect technique for the
recovery of hydrogen cyanide from the fumigated insects

can lead to wrong conclusions.
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INTRODUCTION.

In large scale fumigation at atmoapheric pressure,
an exposure périod of £4 hours or more is common practice,
but shorter periods like 8-4 hours have usually been
avoided, whoreas xh.tumigation'under reduced pressures,

4 hours exposure period is the highest ever tried. The
tendenoy in recent years has been to save time and combine
higher concentrations with shorter periods to obtain
satisfactory gontrol of the inseat pests. The relation
between exposure time and goncentration of the fumigant

té produce & constant mortality 1s expressed by a simple
equation ¢ x T =W (Haber's formula) where ¢ = goncentration,
T S time and W = gonstant mortality. Some deviations from
this formula have been reported at very low gongentrations,
also at very short exposure periods. (Salmond 1951 and
Nahal 1958).

A search in the literature showed that no information
is available on the gorption of the fumigant by the insects,
when fumigated for various periods at any one concentration-
time product. It was thought that this kind of study
might help in finding the probable reason for the devia-
tions reported, some experiments were therefore carried

out in order to inveastigate the effect of the same
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gongentration-time product, built up in different ways,
on Galandra species at various pressures, by determining
both the sorpsion by the insecots &s measured by the
recovery of hydrogen oyanide, &and mortality.
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REVIEW OF THE LITERATURE.

Haber first put forward a formula t0 show the relation-
ship between doncentration and exposure time to produce a
constant mortality. ¢ x T 2 W, where ¢ = goncentration,

‘T s gxposure time and W = & gonstant mortalisy. | Two types
of deviations, one at shorter periocds and the other at
lower concentrations have been reported, both resulting
in increased value of W, (XKnight (1925), BErinely &

Baker (1987), Oarpenter (1927), and Peters (1936)).

Peters (1936) regards the deviation with high eoncen-
tration and short exposure period, &s being brought about
by saturation of the tissues of the organism, and proposes
_the following eorrection- (0 - Cs) x ¢t = W, where Cs
is the excess of econcentration over the saturation of the
tissues. (Busvine (1938) obtained some inconsistent
results with C.granaria, which according to him,were
probvabdly assoociated with the experiments either at the
£ hour or the 20 hour exposure pericd. Salmond (1981),
working with reduced pressures, obtained higher a
mortalisy of Qe.greanaria and of C.orysas with higher concen-
trations of hydrogen cyanide combined with shorter exposure
periods than at lower goncentrations and longer exposure
periods. %he tried 1R minutes as the shortest period and
3 hours and 6 minutes as the longest period. Nahal (1958)
found that with methyl bromids, the mortality of Galandra
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granarias resulting from & given soncentration-time product
is less 1f thig occurs &t the centre of the sack than 1h

the free space. He found that the curve for the free space
always begins at a high level and falls; while that for

the centre of the saok beging at a low level and then
rises. He obtained widely different mortalities of Calandra
species with hydrogen oyanide with whigh the differenmce in
shape of the gurves is more marked than with methyl bromide,
independently of the concentration-time product, in the

- free space and in the centre of the sack. In all the methods

of fumigation (American, French and Atmospheris), the insects
'~ in the centre of the saeck are exposed to lower concentrations
of hydrogen cyanide, eapecially at the beginning of the
experiment, than the eoncentration in the free spacs. His
work was with reduced pressure fumigation,
Except for these few references to the mortality of

the ingecots at certalin goncentration~tims products and

some deviations reported from Haber's formula, there appears
%0 be no other paper on the subjeot; Many hypotheses have
bsen put forward, 1likes protective stupefaction, neutralisza-
tion or exeretion of the fumigant, and saturation of the
tigsues of the organiam, to explain the deviations from
"Haber's formula, but surprisingly enough no one has
attempted to study the sorption of the fumigant by the
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insects, although the variation of sorption with dose
would seem likely to have & direct bearing on Habder's
rule and the deviations from it. |
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MATERIALS AND METHOD.

&ll the biologiéal and chemical materials are the
same a&s previously described. The hydrogen cyanide was
rocovered from the fumigated insects in the solution of
pHi about 3.2 &t which most of the reversibly comdbined
funigent as well as the dissolved adsorbed fumigant was
recovered, and was estimated by the alksline piorate
method. 300 insects (1560 g+ of each species) were fumi-
gited each time. 100 insects were used for the distilla-
tion of hydrogen cyanide and 50 tumigated'lnncots were
kept for mortality determinations. At £ and 37 cm. pressure,
somgtimes about 50 inseots were used for recovery of
hydrogen oyanide, 8s the amount of sorption was high and
the determination became inacourate (in that case o"nly
£00 insects were fumigsted). All the experiments were

carried out at 25°C in a gonstant temperature room.

Hydrogen eyanide soncentrations.

| Liquid hydi-Ogon cyanide was used in all the experi-
ments and ampoulss containing known amounts of fumigant
‘were fractured in glass chambers of 1075-1150 millilitre
capaclty to fumigets the insects. The councentrations of
hydrogen ocyanide nscded for a fumigation of 12 hours were



188,

very small, and the doses ussd were correct within
+ o3 mge/le for a 4 hour fumigation thess were within
+ o5 mge/1l. and for 1 hour fumigation within + 1 mg./l.

Mortality results in gontrol set.

The inseots kept as gontirols, were auiajected to the
‘uame pressure treatment, but were not fumigated., At 2 om.
pressure, C.orysae showed a high mortality, but the fumiga-
tion troatménts produced complete mortality.
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DESIGN OF THE EXPERIMENI.

- From the preliminary experiments, it wag found that
the insects sorbed more hydrogen eyanide during 4 houre
funigation with & high eonsentration, than during 16
-hours with a low:conocntration, at the same congentration-
time (C-T) produste It was therefore decided %o oarry
out some more extensive work on the sorption of hydrogen
cyanide by Calandra species at various concentrations and
exposure periods, &ll these combinations giving the same
C-T products., Three goncentration-time products were
chosen, namely 36, 72 and 108 mg. hre per litre, and 3
periods were tried, vis. 1, 4 and 12 hours. VWhen the
fumigatipn periocd was 1 howr the dose of hydrogen cyanide
was I6 mge. por litre giving a G-T produst of 36 mge hr.
per litre and with a 18 hour oipoaure period the dose was
S mge per litfo in order to obtain the same C~T produgt.
In this way all the eombinations of eoncentrations and
exposure periods were tried. Sorption as judged from
the reocovery of the hydrogen oyanide from the fumigated
insects was the main response studied. Mortality resulta
were &lso noted. Both the species of Calandra were
fumigated, and three pressures namely, £, 37 and 75~76 cm.

of merswry were chosen,
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- ERELIMINARY EXPERIMENTS

Two oxpcrimoxitl were carried out in the small fumiga-
tion apparatus in order te investigate the sorption of
hydrogen cyanide by Cos_r_dharia éuring rmgation poribds
of 4 and 16 at the same gongentration-time product. The
appropriate eoncontratiori of hydrogen oyenlide wes esta-
blished in the 6 litre flask and various samples taken in
the ges chamber of the fumigation apperatus. The insects
were rumigitod and the hydrogen oyanide sorbed, determined
as previously desocribed. |

The results are given in Table 1.

TABLR 1,

Sorption of hydrogen cyanide by C.granaria during
fumigations of 4 hours and 16 hours at atmospherie

pressure, &t the same C«T produgt,

Exp.perlod  HGN eone. HGN eomo. HGN sorbed We. of HeN

in hours. in the X 1remalining by the the sorbed
' apparatus in the insects. ingects. mg./gm,
Blank - apparatus : body

af ter welght,.

fumligation. '
(a) b) (a-b) .

. ms.
4 396 mg. o315 mge «080 mge. 240.9 338

16 L300 " L08L *  .049 " g8les

195
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One sees from Table that more hydrogen cyanide is
sorbed when & high oconcentration is gombined with & short
exposure period, than when a[?&ncontéﬁtion is coinblned with
a long exponui'e period, to give a fixed concentration-time
producte. The rodulta were falrly straight-forward, but |
this method of studying the effect had to be given up, as
-the fall in the concentration in the amall gumigation
‘apparatus during 16 hours was about 50 per cent, and the
G-T produsct in that ocase was not the same as during 4
hours. It was therefore decided to continue this investi-
gation in the larger glass chambers of 1075-1150 millilitre
oaphcity, where the conocentration fall, brought about by
sorption on inseocts was negligible. Any desired C-T
produsct gould therefore be easily maintained, and all the
subsequent work'roportod was .cu-ried out in these

chambers.
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RESULIS OF THE EXPERIMENT

The rasﬁlta-are glven in Table 2. As nearly all the
doses proved to bd lethal the mortelity results were not
aualysed, and the analysis of Varianoe was ocarried out
for the recovefy response only. (Table 3). The following

goneral gonclusions gan be drawn from the resultste

(1) Wwith the Iincrease in pressure from 2 to 78 em. of

meroury, the amount of fumigant recovered dscreased.

(2) As the goncentratlon-time product (G-T prouduet)
increased from 36 to 108 mg. hr. por litre, the hydrogen

cyanide recovered also inoreased.

(3) The amount of hydrogen cyanide recoversd, deoreased,

as the exposure period inoreased from 1 to 12 hours.

(4) MHore hydrogen oyanide was regoversd from C.granaria

than from C.orysee, undsr the conditions tried.

The orthogonal nature of the experimental design
enabled the affect of eagh factor separately or in
combination with other factors t0 be assessed by summation
across other factors. All the faoctors involved are dealt

with in detall below,
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Effect of the pressure.
It was found that both the species 30rbed more fumigant

as the pressure decreased from atmoapheric to 8 em. of
mereury. The results are given in ng.i. The pressure
effact was found to be significant at 0.1% probability
level. The mean amount of hydrogen cyanide recovered from
the ingeots when fumigsated at atmospherie pressure was
+4289 mge. per g. body weight, and this increased to .883
mg. at 2 ome. pressure, thus proving the superiority of
funigation &t reduced pressure in respect of the sorption
of fumigant by insects.

Effect of exposure period.
Under the gonditions tried, it was found that the

hydrogen cyanide recovered, 4decreased as the period of
funigation inecreased from 1 to 12 hours. This effect
was found to be significant at 1% probtablility level.
The results are given in fig.2,
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TABLE 2.
Logta;ﬁz gnd HCN Regovery from Q,gmg}g and C.orvzae st various treatme g 8.
_O.granarl
Concen- Exposure Preaaure‘in om, of _Meroury.
time - in hours ‘ . . 2 ‘ , s
product HON recov- % HON recov- % . HEON regov- %
in mg. ered mg./gn., mor- ered mg./gm. mor= ered mg./gm. mor-
per litre body wt. tality body wt. tality body wt. - tality
36 1 | .922 100 .470 | 100 .376 | 8
" 4 674 100 245 100 ;ng 92
" 12 . 364 100 -~ 174 } 96 ' ol 6
T2 1 1.277 100  .9% 100 715 100
# 4 .aza 100 .430 100 ;,52 98
L 12 .464 100 .340 100 294 100
108 1 1.684 100 1.180 , 100 1.065 100
" 4 '1.157 100 . 709 100 .42 100
n 12 . 760 100 429 100 .38 100
o ¢ EIII!!b , |
6 . | .8 100 33 82 .306 92
" 12 100 - 206 S 78 | .165 94
72 1 .943 100 .874 100 .536 100
" 4 . 855 100 . 529 100 444 94
" 12 672 100 .307 _ 150 411 100
108 l 1.484 100 . 839 100 ‘ , 661 100
" 4 .984 100 ,618 100 504 100
" 12

971 100 .464 100 - .551 100




192,

- TABIR 3, Q
Analysis of Variance for Reocovery Response.

Degrees  Bum of Bquares. variance. varlanee
of : o

Itw. . . & Ratio.

: - Fresdom —

gona. time

produats. C £ 1.796891 «8988956 148.8 x¥
ExD»

Period E 2 1.829278 . 814639 151.5 xxx
Pressures » £ 2.,085290 1,032645 171.1 =xx
Species s 1 0.0850058 : «028008 4,1 x
¢ x B 4 0.,1289188 «032281 5¢3 xx
Cx?P 4 0.,0091277 +0£82819 Se8 X
¢cx3 2 0.009400 +004700 <1 nese
Ex P 4 0.,1489856 037239 6.8 xx
ExS 8 0.198091 «097B48 16,8 xxx
Px S 2 0.004499 «00L84 9 {1l DNeBe
CxEx?P 8 0.081868 ; «006481 lel nese.
CxEx?S 4 0.044731 011183 1.9 ne.se.
ExPx$8S 4 0.032072 ) +008018 1e3 nNeSe
¢CxPx8 4 0.004968 ) +001840 {1 DeBe
0xExPxS8 8 0.,0356378 ) «004422
Erroy 28 0.168998 0.006036
Total 63 6 4483508

xxx significant at 1% probability level.
xx ] ] 1’ n n
x " n ,# . "

nes. not signifiecant,
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The Mean amount of hydrogen cyanide rscovered from the
insects when fumigated for 1 hour was ,859 mg/g. body weight,
and the mean amount recovered when the ingects were

fumigated for‘lz hours under otherwise identiocal conditlons

deereased to .418 hg.

As expected, the amount of fumigant recovered increased

with the dosage. The results are given in Table 4.

C~T product in Mean hydrogen oyanide recovered

mg 4xpor litre ng./g. body weight,
36 .380
72 .628
108 ' .B26

Ag the C « T product increased from 36 to 108 mg, per
litre the mean amount of hydrogen cyanide recovered from

the fumigated insects inoreased from .380 to ,826 mg/g. body
weight,
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Speeleg.

More hydrogen oyanide was recovered from C, granaria
than from G, orvzas. The mean amount of hydrogen cyanide
recovered from G, granaris was ,.633 mg ﬁer g. body wt.,
vhereas ,590 mg., were recovered from C, orvzas.

Effeot of C -~ T products et vaerious pressures.
The results are givon in Table 5 and Fig. 3. This

intersction was found to be significant at 5% probability
level,
 TABIE 5
ogen e re red from both the
gpeglen taken tomether, when fumigated with
different C-T products st various pressures.

C-T product in 2 om 37 em 76 om
mg.hr. per litre

56 629 .281 .231
72 ' .846 .581 459
108 1.173 .708 .598

It was found that at any one ¢ - T product, the amount
of hydrogen oyanide recovered from the insects depended on
the pressure maintained in the chamber. As the pressure

decreased from atmospheric to 2 cm, of Hg,, the amount
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recovered increased, showing that the inseocts sorbed more
fumigent at the reduced pressures. As the C - T product
inereased from 36 to 108 mg.hrf.perzlitre the smount of
hydrogen oyanide recoversd from tﬁéiinSects also-increased,

if the insects are fumigzted at'any one pjeséura.

Effec xposure peri nt various © - T products.

The results are given in Table 6 and Fig, 4, This
interaction was found to be significant at .1% probability
level.

| ZABLE &

o 8 _re from both

gpecies taken tosether when fumigsted with

- d4ifferent §:« W‘nngggtg for various perieds.

Exposure 36»mg.hr. 72 mg Jhr, 108 mg.hr.

period in per litre per litre, per litre.
1 .542 883 1.152
4 « 353 587 «733

i2 «246 415 «593

The results show that at any one C ~ T product, the
‘emount of hydrogen cyanide'sorbed depended on the exposure
period, As the period increased from 1 to 12 hours, the

amount of fumigant recovered from the insects decreased,



2r
A

o}
x

>
g x O-0 36 mg.hr Per litre.
Py X=X 72 » ” P
. A-4 108~ ” ’
80}
W
Ll

a
g
o’
Téof
~
o
>
(]
v
L
-
Z'WL
v
p o

‘20

o ! 4 8 2

Exposure period (hours)

#g.4 - Exp., psriod - OC-T Product Interaction,



198

showing that high concentration combined wlth short exposure
period affected the insects to a greater extent and produced
a greater response than long periods and low concentrations,
As the C - T product at any one period (which is the

effect of the concentration) increased, the amount recovered
increased but to a different extent at different periods,
With the increase in C - T prdduct from 36 to 108 mg.hr,

per litre, the change of response produced, when insects

are fumlgated for l'houf was greatq? then the response

produced when}the fumigation perioed was 12 hours,

Effect of C - T produgts on C, gransriae and C, oryzse.

It was round that both the species sorbed more hydrogen

eyanide as the C - T produet inoreased from 36 to 108 mg.hr.
‘per litre, (Table 7 and Fig, 5). More hydrogen eyanide
was recovered from C. granaria than from L, oryvzae, under

the conditions tried,

and €. orvzee at various C - T productg.

Speciles 36 mg.hr. 72 mg.hr, 108 mg.hr.
per lltre er l1it ‘ 1
C.granaria 385 . +638 868

C.oryzae «365 0619 .786
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Both the speclies sorbed more hyﬁrogen oyanide as the
pressure decreased from 76 to 2 om., of merocury. (Table 8,

Fig. 6).

IABLE 8
Mean hvdromen cyanide recovered from C, granaria
and C, oryzae, when fumigated under 3 different
Species 2 om, 37 om. 76 om.
C‘_ 81‘&11&1‘1& .907 0554 438
C, oryzae 858 492 .420

More hydrogen cyanide‘Was recovered from C, cranaria
than from . ovrzae. |

Effect of exposure periods at various pressuresg.
The results are given in Table 9 and Fig. 7. This

interaction was found to be significant at 1% probability

level,
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TABLE 9
Mean hvdroge ide recovered from bot

speciesy taken together, when fumigated for
yarious periods, under different pressures.

Exposure 2 om. 37 em, 76 om,
period in
hours,

1 1.192 75 .610

4 «849 473 ,350

12 607 - +320 .328

It was found that at any one pressure, the fumigant
recovered from both species deoreased, as the exposure period
increased from 1 to 12 hours, Thebhydrogen cyanide sorbed
by both species at any one period 1ncreasqd as the pressure

decreased from atmospheric to 2 om, of Hg,

Effect of expogure period on C, pranaris and C, oryzae.
The results are given in Table 10 and Fig, 8. This

interaction was found to be significant at .1% probability

level.
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TABLE 10,
! Iy ogen ¢ recovered from C ranar
and C, oryzae, ggég fumigated for warious periods.
Specles 1 hour 4 hours 12 hours
C. granaris »960 564 375
C, oryzae .758 .551 462

We see from Fig, 8 and Table 10 that, when the insects
were Pumignted for 1 hour more hydrogen syanide was
racovered from C, granaris than from C e, but the
position was reversesd when they were fumigated for 12 hours,
With 4 hour fumigetion period, there waé practically no

difference in the recovery from the two species,

Irlple intersotions.
None of these interactions proved to be significant.

The results are given in Tables 11 - 14,



for + 8 expogur () .

Ahs, pressure Exposure 36 mg,.hr, 72 mghr. 108 mg.hr,
in em,of Hg, ©period in per litre per litre per litre

hourg,
2 (1 .883 1,110 1,584
4 819 .859 1,070
12 386 .568 .885
37 { 1 401 915 1,010
4 .250 .504 .663
12 .190 323 446
76 ( 1 o341 525 +863
4 .188 .398 464

(12

.162 352 .468




Me 70 de recovered from C, pranar
and C, orvzae when fumigated with varlous
C ~ T produots for different periods.
Exposure Species %6 mg.hr, 72 mgr, 108 mg.hr
period 1in per litre - per litre per litre
hours., , .
1 %c' grenaria ,589 983 1.310
(C. oryzae 2494 .784 .995
4 E C, zranaria 364 .565 .783
(C. oryzae 341 .809 .702
12 (C, granaria 233 366 525

(C, oryzae 260 JAB3 .662




C [2) ed jer io
pregsures for different. perlods.

Exposure Speeles 2 om. 37 om. 76 om.
period in '
hours,
1 (0, granaria 1,294 .869 718
»%C. oryzae 1,090 .682 .501
4 (C, granaris ,898 478 317
ic. oryzae 801 .468 384
12 ¢, granaria 529 314 280

s «

C, oryzee 684 326 378
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C - wh igated with various
C « T oduc » fferent vres es,

Ahs, pressure Species 56 mg.hr. 72 mg.,hr. 108 mg.hr.
in om.of Hg, per litre per litre per litre.
2 %G. granaria .653 .868 1,200

(C., oryzae .608 .823 1,146
37 (C, granaria +298 .592 73
50. oryzée 285 .570 .640
76 (C. granaria 237 A54 625
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DISCUSSION,

There is very little information available on the effect
of a given C - T product used in different combinations
of concentrations and exposure periods, on the mortality of
ingeots. Haher was the first to put forward the formula
to show the relationship between concentration and time to
produce a constant mortality., C x T « W, where C «
concentration, T ¢ time and W = a constant mortality. Some
deviations from this formula have been reported. Flury (1921),
Peters (1936), Salmond (1051), Hahel (1952) etc. All
the workers reported have taken mortality as the response,
In the present series of experiments, mortality response
as well as the recovery of hydrogen oyanide response were
investigated, but nearly all the doses used proved to be
lethel, hence the discussion will be mainly oonfined to the
recovery response, lMost of the workers, except Salmond end
Nahal have fumigated the insects et atmospheric pressure,
but in the presemnt work two reduced pressures were also
tried so as to investligate the influence of the reduced
pregsures on the insects under these oonditions,

‘The results show that as the pressure decreased from
atmospheric to 2 em, of Hg,, both the species sorb more
hydrogen cyanide (Fig, 1), These results agree with those

reported in the previous part. The effect of the pressure
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has been discussed in detail in the last part, hence it
suffices to say that when insects are subjected to reduced
pfessures they become more physiologically active and sorb
more hydrogen oyanide., It appears from the results
(Table 9 end Fig, 7) that at 2 em. pressure, the amount of
hydrogen cyanide recovered from the fumigated insects |
deorsases as the period increases from 1 to 12 hours, but
to = greater extent than at atmospheriec preassure. There is
praoctically no difference in the recovery of hydrogen
oyanide when the Iinsects are fumigated for 4 and 12 hours
at atmospheriec pressure. This shows that fumigation at a ; -
given C - T product for 4 hours with a certain concentration
‘of hydrogen oyanide is as effective as fumigation for 12 :
hours with a low ooncentration as far as the sorption of
the fumigant by the insects is concerned, but at 2 em.
pressure a high concentration combined with 4 hours appears
to be Tar superior to fumigation for 12 hours with o
correspondingly reduced concentration.

It is therefore concluded that the fumigation at
‘reduced pressure of’%m. of mercury should be earried out
for short periods such as 1 « 4 hours, and long périods like
12 hours should be avoided.

It agppears from the results (Table 10 and Fig. 8) that

when the inseets were fumigated for 1 hour with high
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concentrations of hydrogen oyanide, O.granarig sorbed
more hydrogen oyanide than Q.orygae, but there was
prectioally no-differehoe when they were fumigated for 4
hours, Wwhen the fumigation was carried out for 12 hours
with low concentrations, 8.orygzae sorbed more than
C.gragnarin. These results show the relative sorption of
hydrogen oyanide by the two species, under the different
conditions of the experimenté.

The results indiogate that even at the same C - T
produét, the insects sorb different amounts of hydrogen
cyanide when fumigated for different perioeds. Table 6 and
Fig. 4 show that at any of the three C - T products
tried, more hydrogen oyanide is recovered from the
ingects when fumigated for 1 hour with high conoentra-
tione of hydrogen cyanide than when fumigated at a low
conasntration for 12 houra. High concentrations combined
with short periods produce s greater response than low
conoentrations for long periods. Salmond (1951), ob~
tained higher mortality rQSpons; of C.granaria and
C.oryzae when fumigated at the sgme C - T product for 12
minutes with a high concentration of hydrogen oyanide than
with a period of 3 hours and 6 minutes combined with g low
concentration. Nahal (1952) fumigated C.granarig for 4
hours with methyl bromide and found that the mortality
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resulting from a given C - T produce was less, if that
occurred at the oentre of the sack, than at free space.
He showed that at these 2 sites the C - T curve had a
different form. The curve for the free space always began
at a high level and fell, while that for the centre of the
sack began at a low level and rose, He also obtained a
widely different mortality response both of C, granaris end
C. oryzae with hydrogen oyanide.

The gsme trend was followed as with methyl bromide.
The results of Salmond and Nahal can be explained by the
recovery results obtained in the present work. Salmond
reported high mortality when the insects are fumigated with
high concentration for short perlods and less mortality
when the concentration is low, combined with long period.
The r=covery results show that the insects sorb more
hydrogen cyanide when they are fumigated with high
concentration for short period than with low concentration
for long period. The results sugegest that the high mortality
obtained by Salmond with high concentration combined with
short period may be caused by the high amount of hydrogen
oyanice sorbed by the inseots as indieated by the present
experiments., Some mortality results obtained by the writer
support this argument. 7Table 2 shows that when insects

are fumigated with a dose of 36 mg. per litre for 1 hour,
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flore C, granarisg and C, orvzae dled than when fumigated with
9 mg. per litre for 4 hours, the C - T product being 36
mg.hr, per litre in both cases. liore hydrogen cyanide was
recovered in the first case than in the second. It is
possible that the high mortality results obtained by Nahal,
vhen the C - T curve starts at a high level, may be caused
by the high amount of the fumigant sorbed by the inseots,
With the same ¢ - T produect, when the curve starts from

low level, the‘%umigant gorbed may not be sufficient to
produce the same level of mortality as in the first case.
Nghal tried to explain his results by suggesting protective
stupefaction at low ooncentrations as a possible reason,
Protective stupefaction has been thoroughly discussed in

the previous part and so far as the work presented in this
thesis is concemned there is no evidence for such?phenomenon
occurring. The resson for the low mortalities may be the
smaller amount of hydrogen cyanide sorbed at the low
concentrations.

Such hypotheses as saturation of the tissues of an
organism at high concentration and neutralization or
excretion of the fumigant at ldw concentration have been put
forward to explain the deviations from Haher's formula,

The recovery results show that the reason for the deviations

reported may well be the different amounts of the fumigant
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sorbed, When the insects are fumigated for 1 hour, the
hydrogen cyanide recovered increases from ,542 to 1,152, as
the concentration increases from 36 to 108 mg. per litre
(Table 6), showing that even at such high lethal concentrations
the tlssues of the inseots do not show any sign of

saturation,

In elucidating this problem no one has made any attempt
in the past to study the sorption of the fumigant by the
inseats and from the present work it appears that such
deviations as those reported by Salmond and Nahal as well
as by other workers may be caused by the different amount
of the fumigant sorbed at the same C - T products,

obtained ﬁy different combinations of concentration and

exposure time.



SUMMARY

TheAliterature on the effect of concentration-time
productas is reviewed.

The writer's results show that both species sorb more
hydrogen ocyanide as the pressure decreases from atmospherie
to 2 cm, of meroury,

Both species sorb more hydrogen svanide as the C - T
produot increases from 36 to 108 mg.,hr. per litre.

At the same C - T product, high concentrations combined
with short exposure periods produce a greater response
than'low concentrations for long periods,

It appears from the results that more hydrogen cyanide
is recovered from C, granaris than from C, orvzae when high
concentrations are combined with a short period, 1 hour,
but that the position is reversed at low concentration Ffor
a long period, 12 hours, Nearly the same amount of hydrogen
cyanide 1s recovered from both the speoies when fumigated
for 4 hours with intermediate concentrations,

It has been shown that the deviations reported from
Hgher's formula are probably caused by the different amount
. of hydrogen cyanide sorbed at different combinations of
concentration and time,
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GENERAL DISCUSSION

iiogt of the experiments on the effect of reduced
pressures on insects by other workers have been carried out_
with other conditlons remaining constant so as to determine
the mortality with a particular pressure treatment,
. Livingston and Reed (1940) appear to be the only workers
to show that, at a reduced pressure, 2 inches of mercury,
insects lose lesgs water and are less suseeptible in water-
saturated atmospheres than in dry atmospheres, other
conditions heing the same. In the present series of
experiments (reported in Part I), an attempt has been made
to control the humidity in the chamber, and to determine the
water-loss and the susceptibillity of the insects when
- treated under reduced preséures at various humidities,
The results obtained show that the water-loss énd the
susceptibility of the insects, under any reduced pressure,
however low, depend on the humidity maintained in the chamber,
As the humidity decreases from 85 to 5%, bothAthe responses
increase, The water-loss and the vpercentage mortality of
both the specles used in the experiments increase as the
pressure dsoreases from 8 to 2 cm, of mercﬁry, other
conditions, 1nclﬁding the humidity, being the same. The
greatest response occurs at a pressure of 2 em. of meroury,

but when insects from the same cultures are subjected to
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a pressure of about 4 mm, of meecury, they lose less water
and are less susceptibls, MNoore and Carpenter (1978) found

that L. orvzepe sorbed less hydregen cyenide and became less

susceptible at a pressure of about 2 mm,, than at a pressure
of 6 em, According to these workers, there is some kind
of physlecal effect on the insects, such as collapse of
tracheae at very low pressures and thls effect is held to
account for the smaller loss dof water end lower susceptibilit&é

The present work, therefore, econfirms the existance |
of an optimum reduced pressure, below which susceptibility
decreases, The optimum reduction of preasure should not §
be exceeded in practical control work and indeed it is not v
likely thset 1t could be exceedsd as leaks in the system,
the water wapour:pregsure of commodities and the reduced
pumping speed of the pump would preclude it,

When the insects are fumigated under reduced pressures,
they will in fact show the effects of two treatments,
(1) the effect of the reduced pressure and (2) the
polisoning effect of the fumigant. The pressure effeot has
been discussed and it has been shown that the Insects
become physiologlcally more active as the pressure decreases.
Sgme insects were fumigated with hydrogen oyanide under
Vg?ious reduced pressures end it was found thet the amount i
of hydrogen oyanide recovered from the fumlgeted insects |

and the mortality obtained inereased as the presasure
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decresged from atmospherie to 2 em. of mercury., The results
agree with those obtained by other workers, most of whom
have taken mortality only as the response. Salmond (1951)

and Nahal (1952} obtained higher mortalitv response of

C, pronerin and C, orvzae with reduced pressure fumigation
than with atmospherie pressure fumigation. It has been
shovn that the higher mortality results obtained with
reduced oressure funmigation sre assoeiated with more
hydrogen cyanide sorbed by the insects.

Recovery of hydrogen cyanide from the insects immediately
‘after fumigetion provides an indirect metﬁod of determining
the sorption of hydrogen cyanide by the insects. But by
crushing the insects and using the solution of pH 3 - 2
instead of 1 . 2, more hydrogen cyanide is recovered. These
regsults showed that unless the method of recovering the
hydrogen cyanide from the fumigated inseets is perfect,
it is not fair to assume that the hydrogen cyanide recovered
is the same as the amount sorbed. Pradhan and Bhatia (1951)
showed that the amount of hydrogen cyanlde sorbed by the
insects is more than the amount recovered and the difference

they attpibioted to the amoun£ of hydrogen cyanide converted
| in the inseots' bodles, It has been shown by the method
adopted by Pradhan and Bhatia and the same method as
modified for the present work, that the differences in the

sorption and the recovery of hydrogen cyanide, when the
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funigation periods are small, are due to the imperfect
method employed for the recovery of hydrogen cyanide.
Protably the results obtained by Pradhan and Bhatia might
&lso be affected, if they were to orush the insects before
digtillation and use & solution of pE 3 - 2 for the liquid
in whioh to suspend the insects. This shows the importance
of perfecting the method employed for this kind of work.

When the insects are fumigated for 12 hours, the amount
of hydrggen cyanide sorbed appears to be mores than the
amount recovered, and the difference is attributed to the
amount chemiocally changed in the insects' bodies during
the fumigation.

It was found that C. granaria gontinuously sgorbed

hydrogen cyanide, when fumigated at atmospheric pressure,
right up to 16 hours of fumigation. Petera (1936) and
Iindgren (1838) reported that there was protective
stupefaction occurring in C. granaria. Neither of these
worksrs have studied the sorption of hydrogen cyanide by
the insects. The results obtained by the writer show that

there 1s no cessation of respiration in C. granaria in low

goncentrations of hydrogen cyanide and that they sorb some
hydrogen cyanide even from very smell amounts teken in the
gas chamber of the fumigation apperatus, which is then
opened to the insect chamber. As the gas has to diffuse
from one chamber to the other, the initial amount of fﬁmigant
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in the insect chamber, immediately after it is opened to
the gas chamber, will be very smell which can result in
cessation of respiration. The sorption results obtained
bty this method of fumigation have been compared with the
regovery resulta, when insects are fumigated in big
chambers of 1076 - 1150 millilitre capacity by fracturing
ampoules containing liquid hydrogen cyanide, In the
latter method of fumigation, the insects are suddenly
subjected to & high concentration and the amounts of
hydrogen cyanide recovered from the insects show no great
differences when compared with the amount sorbed by the
insects, when fumigated in the small apparatus. Though
the doses used in these two methods of fumigation are not
the same, still the results definitely show that the insects
are not closing their spiracles, when fumigated with small
amounts of hydrogen cyanide. The other point in favour of
the argument is that at no stage from § to 16 hours is there
any sudden incresse in the sorption of hydrogen cyanide by
C. granarias The amount sorbsd continuously inoreases as
the period of exposure increases from # to 16 hours. It
has thus been shown that there is no such phenomenon as

protective stupefaction occurring with C. granaria.

There 1s practically no information available on the
amount of hydrogen cyanide sorbed by the ingects, when
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fumigated under reduced pressures with the same concentratione
time products, but used in different concentration and time
combinations, All the previous workers have taken the
mortality as the response, and some of them have reported

the deviations from Haher's formuls, C x T z W, where C 1is

the concentration, T 1s the exposure time and W is the
constant mortality. Salmond (1951) fumigated C. granaria

and C, orvzae under reduced pressures with hydrogen eyanide
and found that at the mame concentration-time product,

high concentrations comblined with short exposure periods

produced a higher mortality than for long periods with low

concentrations.
Nahal (1952) with hydrogen cyanide obtained widely
different mortality responses of C,. granaris and C .

at the seme concentration-time produet, but formed in a
different way., The recovery results obtained show that at
any one concentrationetime product, the amount of hydrogen
cyanide recovered from the fumigated insects was more when
the insects were fumigated for 1 hour with high concentrations
of hydrogen oyanide than when fumigated for 12 hours with
low concentrations.

These results show that the different mortality responses
obtained by other workers may be associated with the

different amounts of hydrogen oyanide sorbed by the insects.
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The mortality results obtalned in the present work also
support the above argumsent, as a concentration of 36 mg.
per litre for 1 hour's fumigation at atmospherie pressure
produces a higher mortélity than fumigation at a concentration
of 9 mg. per litre for 4 hours, other conditions being
the same, It has been shown that the recovery results
show greater differences at reduced pressures than at
atmospherie presgsure.

All the results thus obtained lead to the conclusion
that under reduced pressures, the insects become more
physiologically actlve than at atmospheric pressure and
that better results are achieved when the fumigations are
carried out under reduced pressures, especlally at as low

a pressure as 2 om, of mercury.
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SUMMARY

Water-loss and mortaellity of Cglandra erspnaris and

G, orvzee under reduced bressure, however great the reduction,
depended on the humidity maintained in the chamber, As

the humidity decreased from 85 to 6% R.H, both the responses
increased. ‘ 

Both'species lost more water and gave higher mortality
response as the pressure decreased from 8 to 2 om, of
meroury, but at 4 mm, pressure there was some kind of
physical effect on the insects, possibly as the collapse
of tracheae, with the result that the water-loss and
mortality considerably deoreased at that pressure,

B, orvzae were found to be ﬁore susceptible than
L. granaria, and to lose more water,

Both the responses increased with the exposure period,
the rate of loss of water being high during first 4 hours of
exﬁosure, and slowly decreasing as the exposure period
increasged from 4 to 16 hours,

Mortality which is accompanied by desiceation increased
as the insects lost more water.,

When the insects were fumigated under reduced pressures,
they were found to be more susceptible than when fumigated
at atmospheric pressure, They sorbed more hydrogen cyanide

and gave higher mortality response as the pressure deoreased
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from atmospheric to 2 om, of mercury. Both the hydrogen
oyanide sorbed and the mortality inereased with the
concentration of hydrogen oyanide, and with the period of
exposure.,

lMore hydrogen cyanide was recovered from C, oryzse
than from C, granaria but C, orvzae had a lower mortality
than C, granavia.

Mortality in both the species increased as more
hydrogen oyanide was sorbed,

More hydrogen cyasnide was recovered from the fumigated
inseots when they were crushed before distillation than
when the whole ingects were used., More than 50% of the
total fumigant recovered was obtained during crushing and
cool aeration and the rest during distillation, whereas
when inseots were used whole, very'small amount of the total
fumigant recovered was obtalned during cool aeration.

ilore hydrogen cyanide ean be recovered if distillation
of the fumigated insects takes place from a suspension
at a pH of 3,2 then from one at a pH of 1.2, A suspension
of p of 4,7 gave very little more hydrogen cyanide than
did the suspension of piH of 3.2,

Both the species retained some of the sorbed hydrogen
cyanide in their bodies for as long as 70 days after
fumigation., About 30% of the hydrogen cyanide sorbed
during fumigation was found to diffuse from the insects'
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bodleg in gbout 13 days after fumigation, and the amount
recovered by distillation after about 135 days of fumigation
was about 25%, The totel amount of hydrogen cyanide
obtained by diffusion and subsecuent distillation was still
less than the aemount recovered from another batch of the
ingects immedlately after fumigation, The difference can
be attributed to the amount of hydrogen cyanide chemically
changed in the insects' bodies into some compound from

which it was not possible to recover hydrogen cyanide by the

- method used.

Adults of C, eranasris were fumigated for various periods
from ¢ to 16 houras. The insects were continuously sorbing
hydrogeh eyanide and the amount sorbed depended on the
concentration and the period of exposure. From the sorption
results, 1t appeared that there was no such phenomenon as
protective stupefaction w curring in C, graparia.

It was found that the hydrogen oyanide sorbed and the
amount recovered immedliately after fumigation were practically
the same, when the fumigation periods were short, (like
1 - 4 hours). When the insects were fumigated for 12 hours,
the hydrogen cyanide recovered was found to be less than |
the amount sorbed, the difference being attributed to the
amount of hydrogen oyanide, which was chemically changed

in the insects' bodies during fumigation.
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It has been shown how an imperfect technique for the
recovery of hydrogen cyanide from the‘fumigated insects
can lead to wrong conclusions.

At the same ooncentration-time (C - T) product, more
fumigant was recovered from both species when insects were
-fumigated for short periocds with high concentrations of
hydrogen cyanide than when they were fumlgated for long
periods with low concentrations,

More fumigent was recovered from both the species when
fumigated under reduced pressures, than at atmosvheric
pressure,

As the C = T produet inereased from 38 to 108 mg.hr,,/litre
the ingsects sorbed more hydrogen oyanide and showed no sign
of their tissues becoming saturated with the sorbed
fumigant.

More hydrogen cyanide was recovered from C, granaris
than from C, _orvzag when insects were fumigated for 1 hour
with high concentrations of hydrogen oyanide, but the position
was reversed when the insects were fumigated for 12 hours
with low concentrations of hydrogen eyanide. Practically
the same amount of fumigant was recovered from both
species, when insects were fumigated for 4 hours with the

intermediate congentrations of hydrogen cyenide,
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APPENDIX.

The angulayr transformations of the percentage
mortallty responses are nearly proportional to the
logarithmic measure of the doaage, on the commonly
accepted view of the theory underlying blological sssays
(Finney 1952). |

The dosage acting on the test insects is perheps
best estimated by the known recoveries of hydrogen cyanide
froﬁ,the funigated inieotl. In the course of the analysis
of variance of the results in teyms of fumigant recovery,
interactions are often found which may be interpreted in
two quite distinot ways.

One such interaction is the extent to which the
pressure reduction modifies the greater recovery of hydrogen
cyanide for §.oryzse compared with C.granaria. (Table 18
and f£ig. 11 part II). |

One interpretation would suggest that such modification
was & result of the operation of the pressure redustion.
The alternative way in which the significant pressure-
species interaction may be interpreted, runs on these lines.
The divergence shown in fig. 11, doea not, however, appear
when the fumigant recovery is measured on s logarithmie

gcale, i.0. the ratio of recovery on C.gransria to the
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regovery on G.oryzae is substantially independent of the
pressure at whish the experiments are done.

A8 geenms reaﬁonable, we may regard the logarithmio
measure of the recovery as the approprilate estimate of
dosage to link with mortality reaponse {in angular units),
which is not the main purpose of thls thesls. Taking this
view, we would attribute the interaction to the change to
the arithmetic scale adopted for the snalysis of Variange.

Pressure effect;

The statement made on page 106 treats lines drawn
straight for simplicity of presentation in the text figures
(7 & 8 Part II), as if the points were in fact appropriately
fitted by curves. This procedure has been justiflied by an
analyais (Table I.A), whioh discloses that a curve of the
 senge dea;ribod, better repressnts the experimental results
than does a atraight line.

Table I.Aj- Demonstration of curvature of lines

representing the influence of pressure on the mortality
of inseats and sorption of hydrogen oyanide.

(a) Influence of pressure on mortality.
Relidual variance from table 13 pt. II. = 82,87

based on 40 d.f.



(b)
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Reslidual variance from gﬁam, when straight line
is fitted to the pointa, = ‘ 16,000

baged on 3 d.f.

Variance ratio 16.000/2.67 is 5.99, greater than
£.84, the upper 5% point of F3’40,

Influsnce of pressure on sorption.

Residual variance from Table 14 pt. II ® 0.000,057
taged on 22 d.f.

Reaidual variance rron:graph, when straight line is
fitted to the points, = 0.0035,070

tased on 3 d.f.

Vgrignce ratlio 0.003,070/0.000,067 is 5.37 greater

than 3.05 the upper 6% point of Fg,22.
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