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THE RELATIVE TOXICITY OF HYDROGEN CYANIDE, CHLORPICRIN AND
ETHYLENE OXIDE TO THE EGGS, EYUPHS AKD ADULTS
OF THE COM'ON BEDBUG (Cimex lectulariua)

INTRODUCTION

Hydrogen cysnide has been used as a successful fumigent egainst
bedbugs for the past twenty-five years, but very little work has been done
to deternine accurately the actual concentration of gas necessary to 1nsure
good results. It is Jnown that a great deal of gas is lost throuch leaks.ge.
absorption, end other ways, but as far as can be determined, no one has

found the lethal concentration of ges necessary for Cimex lectularius, nor

has the median lethal concentration been determined, Kkthylene oxide end
chlorplerin have coms into general use es fumigants only recently, but
thelir growing popularity mekes studies into their efficiency desirable.
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REVIEW OF LITERATURE

The first use of hydrogen cyanide as a fumigent egainst household
insects was recorded by Howerd (7), who stated that lMarlatt used hydrogen
cyanide against book 1ice in 1893, Herrick (6) used hydrogen cyanide fori-,
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fumigating dormitories and obtained excellent results.

Colemen (4) was one of the first to determine the relation-
ship between the concentration of fumigant, time of exposure and insect -
mortality. - e investigated the toxic properties of hydrogen cyeanide sgainst
scale insects, Hydrogen cyanide was generated snd passed through a seriea.
of purifying tubes into & Novy gas jar, in which his experimental insects
were placede From this fumigation chamber the gas was uthm into a
solution of potassium hydroxide, end titrated with ellver nitrate to determine
the amount of hydrogen cyanide present. Iis neasurcment of toxicity was
based on 100% mortality obtained over periods of from 15 to 60 minutes, He
found that a great deal of hydrogen cyanide wsed in actual fumigation was
lost through leakage end thus had no action upon the ipsects. His results
are questionable for two reaac;m. First, a 1007 mortality is theoretically
ubobtainable, end wunder experimental conditions, the exsct concentration of
gas ceausing 1007 mortality would be hard to determine. Also the concentration
of gas causing 100% mortality in 16 minutes would be much greater than that
causing the same mortality in 60 minutes,

Niefert and Garrison (11) determined the oconcentrations of s mumber
of toxic egents, which caused 100% mortality in 24 hours, using hydrogen
eyenide as a stendard for comparing the toxicity of other gases. They uéed
meters to measure end regulate ‘the flow of mixed gas and sir into a} Seliter
Jer, vhich served as a fumigation chamber, Lethel concemtrations were exe
pressed as percentages, Here azain the same objections preveil as in Coleman's
worlk,

Strand (14) eompared different methods of determining relative
toxicity, He detornined the S-hour median lethal concentrations of hydrogen
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cyanide, chlorpicrin and ethylene oxide for the Confused flour beetle
(Tribolium confusum Duv.'); He found that if the time of exposure end the’

temperature during exposure were kept constant, and only the concentration
of the fumigant varied, he had an ideal method for comparing the relative
toxicity of various fumigants. By following Strand's method, one may not
only compare the effect of different agents or one species of insect, but
also have & basis for the comparison of a fumigant on different insects,

His experimental method differed but 8lightly from that used in the experi-
ments described herein. He determined the concentration of hydrogen cyanide
present in the fumigation chamber by sbeorbing the gas in poteseium hydroxide
and titrating with silver nitrate,

Page (12) end Lubatti (9) evolved a method for measuring the concen~
tration of hydrogen cyanide and ethylene oxide present at any time during
actual fumigation. They used an evacuated flask fitted with a capillary
tube which could be broken off at any time by closing an electric eircuit,
The absorbent us#d for hydrogen cyenide was SO cco of O.1 § sodium hydroxide,
At the end of the experiment the sodium hydroxide was titrated with silver
nitrate to determine the amount of hydrogen cyanlde ebsorbed. The absorbent
for ethylene oxide was magnesium chloride. The conteuts of the flask were
titrated at the end of the experiment with dilute sodium hydroxide, using
methyl orange as ean indicator,

Koore (10), who was one of the first to use chlorpicrin, determined
the minimm lethal dose of chlorpicrin necessary to kill 100% of the insects,
Ee used the bean weevil (Bruchus obtectus S.), the Angumois grain moth

(Sitotroga cerealella Oliv.), the Indian esl moth (Plodia interpunctella




Hbn. ), lediterranean flour moth @pheatia kuelmiella Zell,), and the

Confused flour beetle (Iribolium confusum Duv, ),

| Bertrand, Brocq-Rousseau end Dassonville (1) determined the t&-
fcity or chlorﬁierin againet bedbugs (Ce lectularius) and.weevils. ,

Lindgren end Shepard (8) modifieq Strnnd'c experi.mental method,

They found that change: in humidity ceused the medien lethal concentmtion
of chlorpicrin to vary rather significantly for the egrs of £he éonfused
flour beetle (I. confusum Duv,), but had no effect on the adults, They aleo
found that changes in hmidity ha.d no effect on the median lethal concen-
tration of ethylene oxide for egzs and adults of the beetle, Brova (3) ueed
‘a mixture of carbon dioxide and ethylene oxide to fumigate cockroaches
(Blatella spe) and bedbugs (Ce lectularius), Hase (5) conducted expermients
with ethylene oxide es ; fumigent for the bedbug (Co lectularius),

EXPERINENTAL METHOD

-

The apparatus used in thess experiments is the Strand apparatus as
modified by Lindgren and Shepard (8). Erlemmoyer flasks of approximately
6.4 liters capecity were used as fumigation chembers, Eaech flesk was fitted
with & ground glass stopper, through which were scaled two glass tubes, each
supplied with g stopcock. ‘

The hydrogen cyanide used in these experiments vas obtained through
the reaction of sodium cyanide with sulphuric ecld in the presence of water,
The gas was cooled in o condensing tube end collected in a flask burled in
fice. The resulting liquia was redistmed several times until the freezing
point of pure hydrogen cyanide was reached, |
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The HCN wos measured into the fumigating flasks as & ges. A gas
burette calibrated in 0.01 cc. was filled with mercury and a leveling btulb
attacheds The tube containing the liquid cyenide was attached to the
burette and warmed gently, the leveling bulb lowered and the gas drawm into
the burette. The prescure was equalized, the volume of gas measured,
£wzperature and pressure recorded, and_.than the gas was drawn into the
partially evacuated flask. The welght of gas in a given volume was de=
termined by meens of the formulas FVz § RT, where P is the atmospheric |
pressure,'v.ii the volume of gas, g 1s weight of gas, M is the molecular
woight of the gas, R is the gas constanty 82,06 c.c. atm. per mol dege3 and
T is the temperature at which the volume of gas is mes.sﬁred. This formle
15 derived from the fundemental ges laws and, in gemeral, 18 accurate to
within 5%, In order to check the results obtained with tals formila, a given
volune of gas was abgorbed in a solution of potassium hydroxide, end titrated
with silver nitrate. The results checked within 1%,

Chlorpicrin was measured as a liquid with a micropipette cnli.-'
brated in 0,001 cce

Ethylene oxide wns measured as a gas in the same way as wes
hydrogen cyanide. It was essumed that the error in measuring would not
exceed 1%,

The egzs, nymphs end adults of the common bedbug (C. lectularius),
were used in these experimentse The egzs used were two days 0ld; nymphs
were of second end third instars. All stages were kept at 27°C. For each’
experiment betwoen 25 and 30 individuals of each stage were used, since
Trevan (15) showed that the use of less than 30 test individuals causes a
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considerable error, but the use of more than this number contributes little
to the accuracy of the experiment, Bliss (2) .ehowed by statistical methods
that es low as 10 individuals could be used with no loss of accuracy be-
tween percentage mortalities of from 38 to 61%.

The test insects were placed in bolting ecloth cages, put i.nto the
funigation chembers, which were then partially evacuated, and the ﬁmigo:nt
introduced. The flasks were then placed at 25°C, and left for 5 hours. At
the end of that time the insects were removed from the cages and placed in
glass vials at 27°¢c. lortality counts were made in 24 hours and sgain in
48 hourse Ia 81l cases it was found that the mortality did not change
after 24 hours, XNo correction was necessary since none of the controls died,
The funigated egss were placed at 27°C, with checks, and inspected every
day.' Yormal bedbug ecgs kept at 27°C. hatch in § days, so no counts were
made after the expiration of that time. The percentaze mortality was calcu=-

lated by means of Abbott's formulas "—;I(loo)g where x 1s the percent
hatch in the check and y the percent hatch in the treated 1lot. A

DISCUSSION OF RESULTS

From t}iese results it will be seen that the three funigants used
here differ greatly in their action upon the differemt stages of the common
bedbug.

TABLE I. Fiveehour Yedian Lethel Concentrations for Egrs, Fymphs and
Adults of Cimex lectularius,

Pudzent  koes-liz, /1iter 8-lig,/1iter  Adults=lig ﬁiter
Lydrov'en cyanide 0.,1075 NZe 00319 e 00,3325 ofSe
Chlorpicrin ‘ 24180 mg. 0.582 mng.

Ethylene oxide 0.217 mng, 1,31 ng. 1,88 ng.
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From en inspection of fig. 2 it may be seen that no median lethal
concentration of chlorpicrin could be determined for the egze of C. lectularius,
‘e.lthoug,h 1t soems to lie botwoon 5,0 and 6.0 mg. per liter. The nymphs and
adults appear to be two or three times as suscaptible to chlorpiorin as the

BgZ8e
Hydrogen cyanide snd ethylene oxide appear to have nearly the same

toxicity to the egzs of tho bLedbug, but almost 6 times as much ethyleroe

oxide 1s needed to produce 507 mortality in nyrphs and adults as compared

to hydrogen cye.nide.

CONCLUSIOKS

_ Fram sn inspection of the results o'bta.ineﬁ in these experiments,
1t 1s indicated that hydrogen cyanide is a better funigant for all stages
of C, lectularius than either ethylene. oxide or chlorpicrin. Ethylene oxide |
would be preferable to chlorpierin because of its action on the eggs of the .
' bedbug. In refutation of the idea that the egzs of an 1nsect are the most |
resistant stage, it was found that they are the least resistant to some of
the ﬁmigmte wsed here,  These experlmenfs tend to disprove the theory
that a second fumigation of HCHN is necessary to kill the egrs of the common
bedbuge In fact, it is quite the reverse. A second fimigation might be

necessary to kill the adults,

SULARY

Experiments are described and results recorded for the effect of
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hydrogen eyenide, chlorpicriﬁ. end cthylene oxide upon the eggs, nymphs and:
edults of the comnon becbug (C. lectularius)s The S-hour median lethal
concentration of each fumigent was determined, .It is ghé\m that HCN has a
greater toxic action egainst all stages of this insect than either ethylene
oxide or chlorpierin. |
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