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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

FUMIGATION OF BALED COTTON WITH
HYDROCYANIC ACID FOR THE
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Br A C. Jonxsox, asseciale plani quarantine inspector, Division of Control In-
restigations, Geonce (O Beeker, senfor enlomologist, Division of Foreign Plant
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INTRODUCTION

The Tumigation of baled cotton with hydrocyanic acid under pres-
sures below that of the normal atmosphere to kill any pink bollworms
(larvae of Pectinophora gossypiella Saunders) that might be therein
was the jirst large-senle commereinl application of what is termed
“vacuum fumigation.” The method of fumigation under partial
vacuum developed by Sasseer and MHawkins® and by Mackie ¢ was
modified and adapted to the treatment of cotton by Sasscer,® who
described the metbod and gave detailed instructions for its applica-
tion. The need for some method to destroy the pink bollworm in
imported cotton has been pointed out by Hunter,® who found that in
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1913 consideruble numbers of cotton seeds were present in bules of
imported cotton and from an examination of mill waste had esti-
muted that 16,000 live pink bollworms entered the country annually
in seed in cofton hales.

A method of fumigation under reduced pressure was authorized
in 1916 for applieation to imported cotton, and this method, or some
modification of it, has sinee been used for the fumigation of all im-
ported cotton. After the insect appet red in the cotton distriets of
Texas this treatment was also used for domeatic cotton moving from
the regulated area.

The extent to which this process hus been employed 1s shown from
the Depurtment records,” which report fumigantions of 283,982 ; 338,435
and 275,558 bules for the yeurs 1929, 1930, and 1931, respectively.
In this same period 485,080 bales were imported in 1929, 372,334
bales in 1930, and 125,34 bales in 1931, most of whieh were fumi-
guted.  Plants for the fumigation of cotton are located at six ports
of entry and at as many points in the regulated aren for domestie
cotton. Some of the lust-mentioned plants are so locoted that theyv
also fumigate some imported cotton,

Bince the original deseription of this proecess by Susscer, there have
been a number of improvements in the mechanieal equipment and
some modifications or the methods of applyving the process. The
work described in this bulletin was undertaken to determine the most
advantageous 1nethod Tor fumigating baled cotton with hydroeyunic
acid under redv eed pressures to kill any pink bollworms which might
be prescot therein, and to develop the mechanical equipment neces-
sary for applying the proeess.  Experimental work on fumigation of
cotton under atinospheriec pressures and equipment for such fumiga-
tion are described. Information applicable to the fumigation of
other commadities was also obtained 1in the ecourse of the study.

EXPERIMENTS IN THE APPLICATION OF THE FUMIGANT
METHODS AKD APPARATUS

THE FUMIGATTON CHAMBER

~ The work was done chiefly at El Paso and Alpine, Tex., which are
m the area regulated by the domestic quarantine for the pink boll-
worrn,  The fumigation experiments were made with bales of lint or
linters borrowed from the shippers. For many of the sxperiments a
small fumigation chamber was used. This chamber ffig. 1) was a
eylinder of boiler plate, 8 feet in dinmeter and approxtmately 7 feet
long, with a volume of 225 cubi¢ feet. One end was elosed with a
convex plute welded in pluace, while the other could be elosed with
& heavy hinged door which scated against a flange fitted with a
gasket and was beld 1n place by clamps. A rotary vacuum pump of
sufficient capaeity to exbaust the aiv in the chamber in 1% minutes
to o pressure equivalent to 2 iuches of mercury wus connected to the
top of the fumigation chamber. The hydrocyunic acid wuz passed
into the funigntion chamber through a volatilizer made ol coiled
brass tubing within a water jacket which could be filled with hot
wiakber.

TUNITED BTATES PLAKT (QJUARANTINE ax0 COXTROL ADMINISTRATION. DREPOIRTS OF TR clIEF L. B
Flant Quor, wod Conerol Adein, Ley fe 10205 20, 0% 1dgk 37, 74 1831; 41, 545,




FUMIGATION OF COTTOX FOR THE PINK DOLLWORM 3

The equipment was of such size and capacity that two flat bales
(bales of cotton as they come from the gin) could be fumigated at
the sume time. Liquid hydrocyanic acid was used in all experimental
work. Openings in the walls of ths chamber, fitted with pipe sleeves,
which could be readily closed, permitted the drawing of eas samples
from the chamber and from the interior of {hie bale and the connecting
up of menometers, recording gas-pressure gage, and such instruments,
The gas pressure within the fumigation chamber was shrwn by
manometers connected to the interiorof the chamber through these
pipe sleeves,

FIGURE 1.—Experiimenial eliamber for low-piressure Turigation.
SAMILING GAS MINTURE IN HALES

In determining the hydrocyanic acid in the gas mixture within
the chamber, and in the bale, 2-liter volume gns samples were drawn,
aspirated through dilute sodium hydroxide solution, and then titrated
with N/10 silver nitrate. The method was carelully checked to de-
termine its accuracy, particularly as to the complete absorption of
the hydrocyanic acid bubbled " throngh the alkaline liguid. Ta
obtain samples of the gns mixture within the hale, slender, sharp-
pointed, steel tubes, with openings near the end, were foreed into it
until the openings were at the approximate center,

In all cases the samples of the gas mixture for hydrocyanie acid
determination were drawn after the pressure around and within ti.e
bales had been raised to atmospheric by allowing sir to flow into the
chamber. In some cases the bales were removed from the fumiga-
tion chamber for sampling. The vesults of analyses of these samnples
given in the following tables, therefore, do not represent the con-
dition obtaining in the fumigation chamber during the fomigation
period. The data, however, show whether or not the hydrocyanic
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acld penetrates the hale in the process ol fumigation, and indieate
the best wmethod for obtaining a high coneenteation of this gas within
the bale, and, consequently, for lqllmrr any pink bollworms that may
be therain.

The wmethod of sumpling twice by aspirating 2 liters of gas each
time froni the center of the bale does not necessarily give a true
sample ol the internal atmosphere of the hale. Tt might appear that
the 2 liters of air-gas mixture exbausted [rom the center of the bale
was being drawnin from outside the bale.  But a stendard 500-pound
flat bale of eotton (that is, us it comes {rom the gin and belore com-
pression) is more thun seven-cighths air. A im]e subjected to stand-
ard compression is about thr ec-fourths air. A flat bale with & content
of 42 cubie feet can be compressed to a cubie content of 9 feet in 2
standard compress under spproximately 2,000 pound% to the square
ineh, and would be approximately tw o-thirds air. 'This could un-
doubtedly be compressed further under grealer pressure.  Obviously
the removal of 2 or 4 lilers of air-gns mixture from the center of tie
bale would not in any measure ‘exhiust the g gus mixture thelem
Nevertheless, it is also evident that the dats, obtained by the anulyse
do not u‘pu‘wont the concentration ol bydroeyanic acid at the part icu-
Jar poing from which the gas sample is taken, but rather the concen-
frafion in a zone in this \l('iliil'}"

FLUMLGATING RELILS

Inmany ol the experiments seeds infested with pink bollworms were
placed n or on the hales lo determine the effect of the fumigant on
the imsects directly.  The infested sceds used were selected from seed
grown in the heavily infested quarantined area.  In some cases double
wcd%, that is, two seeds webbed together by the pink bollworm, and
in other 0\])01 iments single seeds which a ppemcd to be infested, were
used. In the inspection after lumigntion it was necessary to cut
nway the outer contings of the seed with a sharp knife to expose the
larvae within. 1f these Iarvac appeared to be dead, they were care-
fully removed and placed in vials and held until 1t was absolutely
certain that they would not revive. 1n some eases in the fumigation
work 1t wos found that larvae which appeared to be killed revived
nfter geveral weeks,

Many experiments were also made with commercial fumigation
equipment to adapt the findings with the small eqmpment just
described o conunercinl practice, and to test modifications of such
practice under actual working conditions.

FUMIGATION TNDER RENRTUCED PRESSTRE

The term “fumigation under reduced pressure’” huas been adopted
m this bulletin as more nearly deseribing the process than the term

“yacuum fumigation,’” as it is fumigation under only partial vacuum.
Tt has been found desirable to measure all pressures from an absolute
zero rather than from harometrie pressure that would vary with the
location of the experiment,  For example, an air pressure of 2 inches
of mercury would be a 28-inch vacuum under o harometric pressire
of 30 inches, such as frequently oceurs at sen lovel. Much of the
e\"perlmcntal work, however, was carvied on at El Paso, Tex., where
the normal barometric pressure is approximately 26 inches of mereury.
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A reading of 24 inches on the vacuum gage there would be equivalent
to n ]}nrtml vacuum of 28 inches of mercury at sea level and would
indicate within the chamber a gas pressure sufficient to displace a
column of mercury 2 inches in ]101(*].1 An absoluie or actual pressurc
of 2 inches withinl ihe chamber, wouldd be the same whother the Iuml-
gntion chamber was located at sea Jevel or in the mountain region
where most of the work was carried on. 1% is believed that the
effectiveness of the fumigant is governed Jargely by the proportion of
the fumigant in the air-hydrocvanie acid nixture. A given cosage,
then, mived with a quautlty of air which produced a pressure equal to
2 inclies of mercury in the chamber would be the same regardless of
the altitude.

The terms “low pressure’” and “high pressure’ therelore, as used in
this bulletin, refer to measurements frow an abseolute vacuum and not
from & variable ntmospheric pressure.

Two methods have been employed in the fumigation under reduced
pressures, in one of which the pressure in the fumigation chamber was
reduced until equivalent te 2 inches of mercury, hydrocyanic acid
volatilized and allowed to passinto the chamber, the valves closed, and
the low pressure within maintained for the 'fumiguti(m period, e.\'cept
for possible slight leakage. This is termed “low-pressure fumigation”
in this bulletin.

The second method wus to reduce the air pressure within the cham-
ber and surrounding the commodity to be [umigated to a pressure
equal to from 2 to 5 1?!(‘1](“-; of mercury, volatilize and apply the fumi-
gant, and then allow air to enier the chamber until a pressure was
reached equal to from 20 to 25 inches of mereury. This method will
be considered as “high-pressure fumigation.”

In the first method the concentration of hydroeyanie aeld in the
gas mixture within the chwmber is, of course, eonsiderably Lhigher than
in the second. One preblem in this investigation was to determine
the comparative merits of the two ]ltmll"ltlml nethods, and to show
which one produced the highest hydroeyanic acid content at the center
of the bale, as it seemed obvious that effectiveness against the pink
hollworm would be proportienate to the concentration of the fumigant
present inside the bale.

TEST EXPEHIMENTH

The theory of [umigating colton under reduced pressure Is that
most of the air around the eotton bale Is removed, that air from
interstices between the cotton fibers within the bale passes out to
equalize the pressure, and that there is a correspouding reduction in
pressure within the fumigation chamber and within the bale. When
the hydrocyanic acid gas is released within the chamber it penetrates
the bale and galleries in the secds contaiving the pink bollworms,
being forced in by the pressure outside the bale. That the pressure
within the bale has been reduced comparably to the pressure within
the chamber outside the bale, and equalizes when the hydrocyanic

geid is introduced into the chamber surrounding the bale is shown
by the following experiment:

In three tests, made in the small fumigation chamber, using indi-
vidual bales, two mercury manometers were used, one of which was
connected directly to the space within the chamber and outside the
bale, aud the other tn a tube leading to the center of the bale. The
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pressure within the vacuum chamber was reduced in the three tests
to the equivalents of 0.9, 1.7, and 2.1 inches of mercury, respectively,
which required from 18 to 25 minutes, and the manometers were read
at various Intervals.  In all cases the readings were exoctly the same
on both manometers, which indicated that the air was being with-
drawn from the bale at the same rate at which it was being Temoved
from the space outside the bale. WWhen the required teduction in
pressure within the fumigation chamber was reached, the hydroeyanic
acid was volatilized and allowed to flow into the chamber. The intro-
duction of the gas into the chamber was completed in about 1% min-
utes. The first readings of the two manometers were made the second
minute after the gas was introduced into the chamber, and they were
read at various intervals therealter for a period of about 35 minutes.
In all eases the readings of the {wo manometers were the same at any
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given time, although there was considernble variation of pressure
during this period. This experiment shows that there is a free inter-
change of gas between the intetior and exterior of the bale and that
any change in pressure outside the bale is accompanied by a corre-
sponcling change in the air-gus pressure at the center of the bale.

From the graphs showing the gas eoncentration in the three tests
plotted against time (fig. 2), it Is noticeable that at the end of 2 min-
utes after the eas was applied the pressure within the chiamber and
within the bales reached 1ts highest point. Frora this point there was
a gradual reduction in pressure within the chamber, due apparently
to the absorption of the hydroeyanie acid by the cotton fibers in the
bale, until an equilibrium wus established about one-halt inch lower
than the pressure within the chamber 2 minutes after the application
of the hydrocyanie acid,
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That this increase in pressure within the bale when the fumigant is
applied s not due entirely to hydrocyanic acid forced into the hale
but is due in part to air forced in at the same time, is evident from the
results of experimental work on the fumigation ol baled cotton lint
for various periods at the same pressure and with the same dosage of
hyvdrocyanie acid.

FUMIGATION OF BALED COT'TFON AT HIGH AND LOW PRESSURES
RESTLTS WITH LOW PPRESSURE

In a series of experitnents on fumigation ot high and low pressures
the small fumigntion chamber deseribed earlier in this bulletin was
used, and cight flat cotton bales and eight bales that had been given
standard compression were used. The dosage cmployved was 2
otinces {avoirdupois) ol hydrocyante acid per 100 cubic feet of cham-
ber space, ineluding the space oecupied by the cotton.  The period of
fumigation ranged from 13 to 120 minutes in 15-minute intervals.
The procedure i these experiments was to reduce the pressure in the
chamber containing the cotton to the equivalent of 2 inches of mereury
und then vol :lllue the dosage ol hydroevanie acid and allow the gas
to flow into the fumigation chamber.  When the fumigant had passed
into the chamber the valves were closed and air was not admitted to
the chamber untll the end of the fumigation period.  That is, cotton
was fumigated under low pressure. When the required time had
clapsed, air was sllowed to enter the ehamber until atmospheric pres-
sure was reached, and the eoncentration ol hydroevanie neid in the air
around the bale and at the center ol the bale was determined by aspivat-
ing sumples of air-hydroeyanme acid mixture from these points as
previously described. A 2-iter sample was taken in all eases unless
noted.  After the gas samples had been talken the pressure within the
chamber was reduced to 3 inches of niercury, and air alowed to flow
into the chamber again until it reached atmospherie pressure. The
sir-hyvdrocyanic ncid mixture at the center of the bale was again
sampled.  The resulis of these determinations are given In table 1.

It is seen in table 1 that the hivdroeyvanie acid concentration in the
air around the bale was less the longer the exposure. 1n snmples
tuken Irom the center of the bale the hydroevanie acid coneentration,
with two exceptions, inecreased with the length of exposure. The
concentration of hydrocyanic acid at 120 minutes was shelitly Iower
than at 105 mmutes,

It 15 nlso of interest to note that the concentration of hydroeyanic
acid in the sample tuken at the center of the bale was considerably
higher after one washing, that 1s, after the air-gas mixture was ex-
hausted from the chamber and the air allowed to flow in again. 1n
the case of the 15-minute exposure the coucentration was a little over
twice as great as when the first set of samples were taken at the
center of the hale, and in all cuses it was somewhat lLigher on the
second sampling than the first, owing probably in part to the drawi ing
in of a more concentrated hydmc*ymnc acid-air mixture from the
outer part of the bale when the first sample was talen,
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TasLe 1. ~Conceniralion of hydrecyanic ucid in space surrownding bales of collon
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1 the compressed bales the hydroceyaule acid concentrafion around
the hale was higher in all cases than in the flat hales.  The concentra-
tion at 105 and 120 minutes was lower than in the : saimple taken at
90 minutes. With one exception the gas sample taken at the center
ol the bale after one washing differed only slightly from the first
samples. It 1s evident that the fumigant did not penetrate the com-
pressed bales so rapidly as it did the ]ooselv pacled cotton in the flat
bales. Itis also evident from table 1 thas up to a certain point there
was & gradual diffusion of the hydrocyanic acid into the bale for 90
minutes to 105 minutes. Considered in connection with the experi-
ments on the equalizotion of pressure within and outside the bale in
fumigation, 1t is obvious that hydroeyanic acid is not immediately
forced into the center of the bale in quantity, but that the increase
in pressure within the hale must be due, in part, to air which may
be pushed ahead of the hiydrocyanic .1{'1{1, and that the hydrocyanic

acid concentration is equalized in the bae by diffusion after the
pressure 18 equalized.  From o practieal standpens it is of interest
to note that very Hitle hydroeyvanie acid was removed {rom the bale
with the one washing,

RERULTE WITH HIGH PRESSURE

A second set of experiments was carried out in which another 16
bales of cetton, 8 of which were flat and 8 bales that had been com-
pressed, were funngdted at high pressure. This exporiment was
exactly similar to the one just chscussed except that, after the fumi-
gant was admitted to the chamber, air was allowed to flow in until
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the pressure was increased to 21 inches of mercury, that is, withkin 5
inches of the normal barometric pressure at Bl Paso, Tex., where
these experiments were carmied on.  Alter the period of fumigation
had elapsed, vir was allowed to enter the chammber until atmospheric
pressure was reached. The time period for fumigation ranged from
15 to 120 minutes {table 2V,

Tarin 2.—Concentration of hydrocyanic ncid in space surreunding bules of cotton
and wilhin bales, after sarions periods of exposure widder kigh pressure, using a
dosage of 2 ounces of hydrocyanie acid per 100 cubie feel
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From table 29t is evidert that the concentration of hydrocyanic
acid around the bale was much higher than it was in fumigation
under low pressure.  With the {lat bules the concentration around
the bales at the end of 120 minules was 6,920 and 4,415 p. p. m.,
respectively, for high- and low-pressure fumieations.  The concen-
tration of hydroeyanic aeid in the center of the bale immediately
after the atr was allowed to enter the chamber following the fumiga-
tion_period was considerably lower under high-pressure than under
the low-pressure fumigation, as shown in ¢able 1. The highest con-
centration of hydrocyanic acid found within the bale was after a
fumigation pertod of 80 minutes and was 2,187 p. p. m., as compared
with 7,342 p. p. m. for the same period under low-pressure fumiga-
tion. After washing the bale with one change of air the hydroeyanic
acki concen{ration was somewhat higher than before washing, but
was 11 no case much more than halt as high as following washing
in comparable periods under low pressures.

aaTl - NS
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With compressed bales the hydrocyanic acid concentration around
the bale was high in all cases even after 120 minutes. From the
analysis of the amr-bydrocyanic acid mixture at the center of the bale
it is obvious that very little gas penetrated there. The highest con-
centration of hydrocyanic acid shown is for the 15-minute period,
and this is only 612 p. p. m.  After one washing the concentration
was still very low, 651 p. p. m. being the highest. It is obvious
from & comparison of the results shown in tables 1 and 2 that with
the same dosage of fumigant the hydrocyanic acid concentration in
the interior of the bale is much higher when the air pressure within
the fumigation chamber is Jow.

BFFECTS OF PROLONGED LOW PRESSTURE

A third set of experiments was cartied on, in the beginning of which
the procedure was practically the same as in the other experiments
in that the air was exhausted from the ehamber after the bales had
been placed therein, but in this case it was exhausted to o pressure
equivalent to 1 inch of mercury. The hydrocyanic acid was then
volatilized and allowed to flow into the chamber and the bales were
held under this low pressare for various periods that were multiples
of 15 minutes. Air was then allowed to flow into the chamber until
the pressure was equal to 21 inches of mercury, The difference be-
tween this and the two previous experiments was that the bales were
held at this pressure unfil the entire fumigation period equaled 2
hours, the object being to compare the shorter periods under the
low pressures with the one in which the low pressure was held for
the entire 120 minutes. The pressure within the chamber was
finally increased to atmospherie by the introduction of more air, and
samples for gas analysis were taken from around the bale and at the
center of the bale as hefore. The hale was then washed with one
change ol air and the gas samples agam taken from the conter of the
bale. The results are shown in table 3.

In general, the longer the bale was exposed to low pressures the
lower the concentration of hydrocyanic acid in the air surrounding
1t, and the bigher the concentration in the samples talken from its
center. There was about four times as miuch hydroeyaric acid in the
sample of gas from the center of the flat bale held under low pressure
for 120 minutes as there was in the bale held at high pressure for this
pertod, thouglh the dosage of hydrocyanic acid and the period of
exposure and temperature were practically the same., The results
with compressed bales were similar.  That is, more hydroeyanic acid
apparently will diffuse into the bale when the concentration of gas in
the air surrounding it is high, even though the aetual amount of
hydrocyanic acid surrounding it 1s the same. That the concentra-
tion of hydrocyanic acid is higher in the bale in these tests than in
the first expeniment is undoubtedly due to the reduction in air pres-
sure to 1 inch instend of 2 inches before the application of the fumi-
gant, as the same dosage was used In both series,
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TasLe 3.—Concentration of hydrocyanic acid in space surrounding bales of cotlon
and within bales, wsing constant cxposures of 2 hours, but varying the fime of
exposure at a pressirve of 1 tnch of mercwry, then Tncreasing pressures {o approri-
male the atmospheric for duration of fumigalion period

{Ssmples taken Imniedintely after (he air wus allowed to enter the fumigation chamber aud after one
wishing with air.  Dosage of hydrocyunie aeid, 2 ovnces per 100 ciiie {ert]
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EFFECTS OF GRADTALLY INCREASED PHRESSTRE

A fourth set of experiments was carried on in which flat bales of
cotton were fumigated under reduced pressure for various periods the
pressure being gradually increased to that of the atmosphers while
the bale was under fumigation. At the end of the fumigation period
the concentration of hydrocyanic acid was determined in the atmos-
phere around the bale and from its center, as in the eatlier experi-
ments, the bale was washed once with air, and another set of samples
was taken for analysis. Eight flat bales were used and the time of
exposure ranged {rom 15 to 120 minutes. The results of these experi-
ments are shown in table 4,

It is evident from table 4 that this method resulted in a somewhat
higher concentration of hydrocyanic acid within the bale than fumiga-
tion under high pressure, but that the concentration was not so high as
the low-pressure fumigation tests. The highest concentration within
the bale immediately after the fumigation period was 2452 p. p.m., as
compared o a concentration of 7,710 p. p. m. shown in table 1 where
the bale was held under low pressure for the entire fumigation period.
The high concentration of hydrocyanic acid around the bale indicates
also that the fumigant did not quickly diffuse into the bale. The
analysis of the gir-ges mixture from the center of the bale after one
washing with air shows in most cases a little higher concentration of
hydrocyanic acid in the mixture, but not marledly higher, than under
the high-pressure tests.
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TanLE 4.~-Concenlration of hydrecyanic acid in space surrounding fla! bales of
cotton and within bales, after varions periods of cxposure under pressures equiva-~
lent lo 2 inches of mereury, gradually increased tn almos pheric during the remain-
ing peried of exposure lotaling 120 minunles

[Bamples taken Immedintely afler 1he nir was allneod to enler the fumigntion ehamber an'l afler ane
wastitng with air.  Daesaee 2 onnees of Bydroeyanie acid poc i cubie feet]
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COMPARISON OF COMMERCIAL HIGUH=- AND LOW-UHESSURE FUMLGATION

The fifth sct of experiments was with bales of linters in o commereial
fumigation ehamber and was a comparison of high- and low-pressure
fumigation under commercial conditions as judged by the hydro-
cyanic acid content ab the center of at and eompressed bales immedsi-
ately after fumigation. In these tests the bales were fumigated in the
usual commercial way, which was similar to the method employed in
the small experimental chamber, and gas samples were taken at the
center of from 6 to 10 bales inunedintely after they had been removed
from the chamber. Tl large commercial chamber would hold 110
compressed bales at a Hime, and seven lot, were fumicated, two by the
low-pressure method and five under high pressure.  In the low-pressure
experiments the hydrocyanic acid was volatilized and allowed to flow
into the chamber, which required approximately 15 minutes. The
beginning of the fumigation period was considered to be the moment
the gas began to flow into the chamber. With high-pressure fumi-
gation the proceilnre was the same, except that after the hydroeyanie
acid hind heen introduced air was admitied into the chamber until the
pressure within was equal to approximately 21 inches of merecury.
Alter the fumigation periedl of 2 hours had elapsed, air was allowed to
flow Ireely into the chamber and was then pumped out to remove as
much of the residual hydrocyanic acid as possible. The vacuum was
broken again and the hales were removed. The concentration of
hydrocyamec acid at the center of the hales was determined immediately
after the cotton was removed from the chamber in each of the seven
lots of cotton linters. The samples of gus were taken in the usual way,
by thrusting a sharp, pointed, steel tube into the center of the bale.
From 6 to 10 hales of eacly lot were sampled, and the average con-
centration of hydrocyanic acid as found in the top bales of e:}chiot anl
the average of those at the bottom of the lond are given in table 5,
together with the number of hales fumigated in each lot and the
number of bales in whicl the econcentration of hydrocyanic acid was
determined.
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TasLe 5.~—Concentraiion of hydrosyanic ucid within flal and compressed lLinfers bales
located ai top and botiom of load 11 a commercial fumigution chamber, with 2-hour
expasure under high and low pressure, using € ownees of hydrocyanic acml per 100
cubic feel

[Eampies taken Inmediately after remeving bales from cliamber]
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1t is noticeable from the results shown in table 5 that under low-
pressure fumigation there was a higher average concentration of
hydrocyanic acid in the air -hvdrocyanie aeid mixtures from the center
of the fat bales, at the top and bottom of the lead. than under high-
pressure fumigation. In compressed bales fumigated under low pres-
sures the average concentration found was muech higher than that
in similar bules fum]g ated under high pressure. These results are, in
general, in sccordance with the results obtained in the carlier work in
the expenmental fumigation chiamber.

EFFECT OF VARTING THE DOSAGES OF HVDUOOYANIC AQLD

The sixth series of experiments was concerned with various dosages
of hydrocyanie acid for a period of 2 hours nt high and at low pres-
sures on flat bales of linters. The concentration of hydroeyanic acid
was determined in the air surrounding the bales iminediately after the
air was allowed to enter the chamhber at the conclusion of the fumiga-
tion, and in the center of the bale in the usual manner. The results of
these experiments are shown in table 6.

The coucentration of gas ranged up to 6,930 and 9,930 p. p. m. out-
stde the bale, and fo 12,380 and 2,948 p. p. m. within ‘the bale, for low-
and high-pressure trea tment ref-“.pe{'twcly, with a dosage of 3 ounces
per 100 cubic feet. At the latter dosage the concentration of hydro-
cyanic acid within the bale in low-pressure fumigation was about four
times as much as In bigh-pressure fumigation.

EFFECT OF VARYING THT INITIAL AIR PRESSURR

In the seventh series of experiments the difference in hydrocyanic
acid content around and within the bales fumigated with a standard
dosage and exposure period, but with various initial air pressures, was
determmed The method used was to evacunte the {umigation cham-
ber to air pressures of from 1 to 7 inches within the chamber, then
apply a dosage of volatilized hydrocyanic acid in the usual way, and
hold it for 2 hours. Itisevident{rom table 7 that, in the fumigation of
flat Eales, the hrydrocyanic acid concentration around the bale was
much lower in the experiment in which the air pressure was reduced
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to 1 inch of mercury before the fumigant was applied, and that at
pressure reductions to from 2 fo 7 inches of mercury there were only
slight differences in the concentration of hydrocyanic acid. In the
analysis of gas samples taken at the center of the bale it was found
that there was a higher concentration of hydrocyanic acid when the
pressure was Teduced to the equivalent of 1 inch of mercury than when
higher pressures were emploved.

TasLe 6.—Comparative concentralion of hydrocyunic acid in spuce surrounding fai
bales of tinters and within bales, with constant 2-hour ecpasire wnder high end low
Presswre, using varigus dosages

[Samples taken {nnneiintely aftor gir was allow +d to enter Mitmidguiion clamber, and after one washing

with air]
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TasLE 7.—Concentralion of hydrocyanic acid in space surrownding bales af cotton
and within bales, with constunt exposures of 2 hours under pressures of 1 to 7
trches of mercury

{8amples laken immedintely after air was allowed to enter Iuteigation elunether and after one washing
witizwir. 1doswee 2 onnees of hydroeyanic neid per 80 cubic feet)
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Where the pressure within the chamber was equal to 4 inches of
mercury there was an abrupt drop, however, there being only 4,850
p. p. m. of hydrocyanic ncid as against 7,744 where the pressure was
1 inch less. With pressures of from 4 to 7 inches of mercury the
hydrocyanic aeid concentration, while somewhat lower at the higher
pressures, did not vary widely.

In the compressed bales g similar condition existed.  In the experi-
ments in which the air pressures were reduced to equivalents of 1, 2,
and 3 inches of mercury in the fumigation chamber, the concentra-
tion of hydrocyanic acid in gas samples taken from the bales imme-
diately after the air was allowed to enter the clamber ranged [rom
5,630 to 4,350 p. p. ., wheress at o pressure equivalent to 4 inehes
of mercury there was an abrupt drop te 2,108 p. p. m. ol hydroeyanic
acid. Fumigation under pressures equivalent to 5, 8§, and 7 inches
of mercury gives a correspondingly lower ecouncentration of hydro-
evanic acid at the center of the bale. This is of nterest in that it
shows that & much higher concentration of hydrocyanie acid in the
bale may be obtained when the nir pressure is reduced slightly.

in general these experiments show that the lower the pressure in
the fumigation chamber with n given exposure and dosage of hydro-
cvanic aeid, the higher the concentration of the [umigant at the
center of the bale.

The hvdroeyanic acid enters the bale lurgely by diffusion, and the
higher the concentration outside of the bale the more rapid the
diffusion of the fumigant into the bale. Low-pressure Funmigation
results in a much higher concentration of the hydrocyanic acid in
the bale in a given length of time than in fumigation under high pres-
sures. Admitting air o the [umigation chamber alter the volatilized
hydrocyanic acid s introduced apparently does not force the hydro-
cyanic acid into the bale, but dilutes 1t, and slows down the rate of
diffuston of the fumigant into the bale,

DISTRIBUTION OF HYDROUY AR ACGID IN THE FUMIGATION CHAMHBER
METIHONDS OF LOADING HALESR

In the fumigation of baled cotton the usual method under com-
mereial conditions s to load the bales compaetly, that is, one on {op
of the other, so as to get as many bales in the fumigation chamber
as possible. A fumigation chamber 110 feet long and 9 feet in
diameter will hold approximately 110 bales of cotton which have
been given the standard compression.

With the method of loading under commercial conditions the bales
are placed on small trucks which run on a track into the fumigation
chamber. Each truck is londed with approximately 12 compressed
bales stacked tightly together. The hydrocyanic acid is usually
liberated througl distributor pipes at the bottom of the fumigation
chamber a$ four openings (sce hg. 9) and comes in contact with the
outside surlaces of the stack of cotton bales. 1t does not have {ree
access, however, to all sides of the individual beles. A commercial
fumigation chamber with & load of standnrd compressed cotton biles
on: trucks about to enter it is shown in figure 3. In order to deter-
mine the distribution ol hydroeyanic neid throughout the fumigation
chamber in commercial fumigation of cotton, the concentration of
hydrocyanic acid was determined in bules of cotton and linters imme-
dintely after fumigation.
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PESTS WITH NBAT-VOLATILIZED HYDHOUYANIO ACTD

In the first experiments the [umigant was volatilized by heat and
carried in pipes along the floor of the chamber to he distributed ot
fnur points spaced appreximetely equidisiant from one another and
from the ends of the tube. The experiments of this series were
made during November and December 1927, Determinations were
made of the hydroeyunic acid within bules at nine different positions
i four Joads of baled cotton fumigaled in a commercinl plant and
sampled immediately after the cotton was withdrawn from the
chamber. The first three londs consisted of 150, 1506, and 152 bales
of cotion thai had been couipressed to high density, and the fourth
load of 114 bales, that had been compressed to standard density.

Fisueie 3, —A connnercinl fumigation chanber with nload of conpressed cotton shout w eiter it

The gas samples were aspirated {rom the center of the bales in the
usual way. Samples were tauken rom a0 top, u botlom, and & middle
bale at each end and at the middle of the load lengthwise. The
hydrocyanic acid content of the sumples is shown in table 8.

It ig evident that there was ne consistent variation in the hydro-
evanic acid concentration of the bales lengthwise of the fumigntion
chamber, though the averages indieute a slightly higher concentra-
tion in those at the rear end. While this might be due {o the gas
samples being taken first at the rear end of the load and last at the
front end, it may also be due to uneven distribution of the hydro-
cvanic acid in the individunl bales. The standard comprossed bales
in load 4 Lad usually o semewhat higher concentration of the fumi-
zant than the high-density bales.
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Tawie 8—Concenlration of hyaroeyanic acid within compressed balrs located at
Front, center, and rear, and lop, center, and boltom of ¢ commerciel fumigniion
tube with exposures of 2 haurs under low pressue
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L gs evident also that the central laver of bales had in all excent

one cuse a Jower concentration of hvdroevanie acid after furaigation

than bales in the olher two Jayers, and the difference in the average
concentration of hydrocyanic aeid was quite marked. The concen-
tration in the bales in all cases was hish. I another series of experi-
ments on the distribution of hydroeyanic acid within the fumigation
chamber, the hoat-volatilization method was compured with spraving
the liguid directly into the tube,

SPRAVING Ax COMPARED Wit HEA  VOLATILIZATION

The spray method was tosted first in the small experimental fumi-
aation chamberin which the pressure had been reduced to the equiva-
lent of 2 inches of mereury. The door of the Tumigation chamber was
equipped with & cleular gluss windew and the interior could be il
luminated by means of an electric Lght within, The spray nozzle
was fastened 1o connections leading outside of the ehamber and Lo
burette. After Introducing 200 to 306 cc of liguid hydroeyanic acid
into the burette the stopcock was vpened snd it was permitted to
pass Into the [umigation chamber through the spray nozzle. On
entering the chamber the liquid was broken up into a fine mist which
had the appearance of a cloud of stean. This eloud eould be scen
to pass away from the nozzle toward the opposite side of the chamber
and whirl in every direction. When the flow of liquid was stopped
the spray eloud cleared altmost instantaneously. There was 1o ob-
servable wetting on the walls of the chamber, but & deposit of frozen
hydrocyunic acid sometimes occurred on baled cotton or mmterinls
of low conductivity if they were directly in the line of the spray. As

5579 —38——3
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the ligquid bydrocyanie acid wus spraved into the chamber, heat, of
course, wis absorbed in the volatilization of the liquid, and solid
particles of hydroeyanie acid accumulated around the orifice of the
nozzle. The iloz,c-n purticles dropped off and volatilized quickly
when they came in eontact with the metul wall of the ¢chamber. Tt
was observed that very little freezing occwrred if the hydrocyanie
acid was introduced slowly.

Experiments were conducted to determine the possibility of com-
mereinl applieation of the fumigant by spraying. The piping system
and hydroeyanic acid reservoir r{(\vo]npocl are shown in figure 4. The
fumigation chamber was equipped ionside with L-inch brass pipe, using
10 nozzles spaced 10 feet apart, turned downward at an angle so that
the discharge would not be directly against the cotton in the ehamber.
The line was conneeted 1o a S-dneh pipe st the center of the chamber
which passed through 1he chiumber wall to the hvdroeyanie acid reser-
voir, The eapueity of this reservoir was approximately one-third
greater than thut of the iquid charge.

Thechargewas introduced nto the reservoir. and after the alein the
fumigaiion chamber lind been exhausted to the ecquivalent of 2 inches
of mercury, the valves were opened and the liguid hydeeexanie acid
was Torced into the fumigation chamber threugh the spray nozzles.
The distribution of the hydroevanic aeid in the fumigation chamber
was determined from thehydroeyanic acud eontent of bales fram various
partz of the chamber.

The lirst series of experimettts were carried out wich three loads of
baled linters which had been given the sfandard compression. For
two of these londs the hydrocvanic acid wus spraved into the fumiga-
tion ehamber, and Tor the thind it was volatilized and allowed to flow
inte the fumigation ehamber as described eariierin this hulletin,  After
the lead was fumigaied it was withdrawn from the fumigation cham-
ber snd gns sumples were aspirated from the center of hales selected
from the top ad hottom layvers at different points lengthwise of the
lond.  Tn all cases a hale from the top and bottom af the same stack
was sampled.  Two sets of aspirating apparatus were used, and the
samples were taken from the top and bottom bales at the same time.
The bales sanpled were Jocated eguidistant from each other through-
out the lenglh of the load. The results of the tests on these three
leads are shown in table §,

Theresulis of these fests show some variation In the concentration,
hut no consistent variation, in the various parts of the tube, In the
two loads A and B in whieh the hydroeyanie acid was applied by
sprayving du‘or‘tl\' into the chamber, the lowest concentration jn any
bale was 3,725 p. p. . The low ost concentration and the highest
concentration in load A hoth occurred in the top laver, In load C,
fumigated with volatilized hydrocyanic acid, the lowoest concentration
wis 2,780 p. p. m., which oceurred in bath the top and bottom layers,
and the highest was in ene of the fop-laver hales. Tt is noticeable
that In all three tests the avernge concentration of top and bottom
bales was very nearly the same, being identieal forlond A, Where the
hyvdrocvanic acidwas velatilized the concentration was somewhatlower
thian where the fumigans was introducedinto the chamber by spraying,
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TanLe 8. —Conceniration af fydrocyanic acid within compressed bales of Halers lo-
crebed wf 8 points cquidistant and lengthwise of ¢ commercial funigation Lbe, using
erposures of 2 hours wnder low pressure
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In the next experimont the concentration of hydrocyanic acid in
12 hales in the hotton Javer, equidistant and Jengthwise of each of 4
loads of linters and cotton bales, which had heen given standard com-
pression, was determined and is shown in table 10,

Pante 10.—Concentrafion of hydrocgenic acid within compressed tinfers and cofton
bades, fraw: the bottom row Incaied af 12 poinls equidistanl and lengthwise of o
commercial fumigaiion {nhe, uwsing crposures of 2 hovrs wnder low pressure with
a dosage of 6 ouners of hydroeyanic aeld per 100 cwbie feet
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These bales were sampled immediately alter the cotton was removed
from the fumigation chamber. Three of these loads were fumigated
by spraying the hydroeyanic acid into the chamber, and one by
volatilizing the hydrocvyanic acid before it entered the chamber. It
is obvious that in this test the lowest dosage was fonnd in the bales of
linters in which the hydroeyanic acid wasintroduced Into the chamber
as a spray {test ). In tests D and E, which were standard com-
pressed cotton, and in which the fumnigant was introduced as s spray,
and in test F, 10 which the hvdroeyanie acid was introduced as a gag,
the concentrnlion of hydroeyanie ackd in the bales avernged mueh
higher. While there was some variation in the concentration of gas
within the bales of collon in the Tumigation chamber, it is evident
that there was a fairly high coucentration in the center of the bales,
as shown 1n these experiments in all cases,  From the fact that this
variation was not constant in any part of the chambor, it is obvious
that 1t was not due to the distribution of gas around the bales and in
the chambor, but was more probably due o the varation in the
density of the indivadual bales at the point from which the gas sample
was removed.

In the ginning process the cotton hat is convered from the gin to a
press box, and a mechanical tramper packs the lint in the press box.
Since the cotton bat flows continuously while ginning, more lint ean
be deposited in one place or one part of the bale than in another.
TWhen the cotton is compressed the areas which conlain the most
cotton will he the densest, amd, as has been shown earlior in this
bulletin, the gas concentration in the compressed bhales is lower than,
it is in the flat bales which are not so dense.

In order to detormine whether more hydrocvanic acid is absorbed
by the ends of the bales next to the spray nozzies, tests were made
with six bales, the hydrocyanic acid being determined at cach end
of the same hale. In all eases the hydroevanic acid content was
practically the same in the two ends of the bale, and there was appa-
rently no consistent difference in the content whether the fumigant
was sprayed into the chamber or was volatilized outside the chamber
and introduced as a gas,

It is possible that the fumigant penetrates the bales more rapidly
when the complete charge of approximately 27 pounds is spraved into
the chamber in about 2 minutes than when it is volotilized slowiv and
introdueed 1n from 10 to 15 minutes, which is the time required to
volatilize the entirve dosage of fumigant outside and to introduce it
into the ehamber.  No tests have been made, however, to determine
conclusively whether there Is any advantage in ecither of the two
methods of application in the way of increased toxicity to the pink
bollworm. HHowever, the application of the fumigant by spraying
1t into a fumigstion chamber in which there is sufficient space between
the lond and the chamber wall to prevent sprav depesits on the
commodity seems o be satisfoetory and is rapid in operation.

Although the volatilized gasis applied at the bottom, and in spraying
the fumigant the spray nozales are direeted downward so that the gas
first comes in contact with the hottom hales, there is a definite indica-
tion 10 table 8 that the concentration of hydrocvanic acid is lower in
the muddle-luyer bales than it is in those of the top and bottom layers.
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EFFECT OF PFRESFSURE ON AR CONTEXNT OF THE BALES

In another experiment the gas concentration within flat cotton bales
was determined ab s number of differeni poitsts.  Two hales were used
one having been fumigated under low pressure at 2 inches of mercury
for 2 hours, using o dousage of 3 ounees of liguid hydroeyanie acid per
100 cubie feet.  The other was fumigated ot high pressure, the air
having first been withdrawn to o pressure equivalent to 2 Inches of
mereury and then increased to 21 inches Iimmediately alter the fumi-
gant had been ntroduced into {he chamber. Folowing this the gas
mixture in eacl: euse was reduced 1n one pumping {o 3 inches of mer-
cury, air was admitted, and the pressure reduced again to 12 inches of
mercury. The hales were then removed from the chamber and gas
smnples taken.  Twelve samiples were oblained {rom the side of each
hale at a depth of 15 inehes. The position of the points at which the
sampling tube was inserted ix shown in figure 5, along with the con-
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contration of Tivdroeyanio netd {found, hu parts per millien. 1o bods
hat s the sampling was started at poind 1 and ended at point 12, The
nwmbered positions in the two hales are thus comparable. As ap-
proximaiely 1 hour was consumed i obtaining the sanples, some Joss
in vesidual gas undoubledly ocenrred during that inferval, for, theo-
retieatly, point 1 18 in the samoe relative position as point 12, Con-
sifdering this unavoeidable loss, it s indieated that the gas coneentration
was Tawdy unitorm throughout the bale treated under Iow pressure.
The one Tumigated under high pressure showed n low gas concentia-
tion around the center of the bale,  The average coneentration in the
hale treated under fow pressure was 10,164 p. p. m., and the one
fumigated wider high pressure costained o conceniration of only
5,690 p. p. mi.



http:tJ'pni.pd
http:1lIl.1Ii~.J1

FUAMIGATION OF COTTON FOR THE PINK DOLLWORMN
EFFECT OF SPACING 0N GAM (CONTENT OF THE HALES

It has been shown in this bulletin that while there is apparently a
falidy uniform distribution of the fumigant throughout thie ¢hamber,
the middle hales of cotion in a commercinl load do not eontain s0 high
a concentralion of hydroeyanic acitl as dJdo the top or bottom bales,
This seemed to be due 1o the fact that the bales 1n the middle had
less surface exposed to the gaseous fumigant than did the top and
hottom bales,

Several series of experiments were earried ont to determine the
eflect of separating the lnyers of bales In an atterapt to got a1 more
uniform distribution of hydroeyunie acid threughout 1he load.

In these experiments the bales were stacked < usual on the trucks,
except that 4- by 4-inch timbers, which allowed practically 4 inches of
air space between the Inyers, were placed between the hettom and
midle, and the naddle and top lavers of bales. The moethad of
siacking 18 shown in figure 6. The loads were given a regulur low-
pressure fumigation in whicli the pressure within the fumigation tube
was reduced to 2 inches of mereury before the dosage of 6 ounces of
Iquid Ivdroeyanie acid per 100 cubie feet of chamber space was
volatilized and allowed to {flow into the ehamber.

Figrue to--Uontpressen cottot epaemie ] by timbers o e fiest toaek, bue ba led comtpactly on the second
truek.

At the conclusion of the fumigation period the bales were washed
with one change of air and removed from the ¢chamber.  The con-
centration of hydroeyanie aeld in gas samples from the top, middle,
aidd_bottom layers of bales is compared in table 11 10 those of bales
fumigated in exaedly the same way, but which were not separated by
timbers.  In bales fumigated aceording 1o usual commereial practices
the coneentration of hydrocyanic acid at the center was somewhat
higher in the bales in the top and botiom Iayers than in those in the
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center layer. The bales of the top layer had a somewhat higher
concentration ol hydrocyanic acid gas than those from the middle or
botdom Inyer in sll but one case, while the bales at the middle and
bottom layers coutained about the same average concentration of
hydroeyauic acid. 1t is obvious, then, that spacing the bales so that
the air-gas mixture ean circulate between the bales undoubtedly tends
t?w?rds a more even distribution of the hydroeyanic acid throughout
the load.

TasLi 1. Conceatrafion of hydrocwanie acid awithin compressed eptton bales
st paraled by timbers awd foaded aceording to enmmereial practice
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Thete is some indication of stratification of the gas ab the top of
the chamber, inasmuch as the bales on the {op layer in all but one
instance contained a slightly higher concentration of hydrocyanic
acid than the bales in the bottom layer; and this had been noted in
results in earlier experiments. The fact that hydrocyanic acid gas
is lighter than air may cxplain this. On the other hand, there is
possibility that it may be duein some degree to the bales being stacked
more loosely, thus providing small spaces between the sides of the
bales.

It will be noted that the bales that were separated have & higher
ans concentration regardless of their position, For all bales loaded
tightly the average gas content was 4,564 p. p. m. as compared to
6,965 p. p. m. when the bales were separated.  That difference was
probably due to the increase in exposed surface area of the separated
bales, which facilitated the penetration of the hivdroeyanie acil.

To ohtain further information on the effect of spacing the cotton
bales on tho trucks, a serics ol experiments was catried out which
closely stacked and separated hales were fumigated in the same Toad
and ot the same time.  Bight Joads were used n this series of experl-
ments, the spaced bales being Jueated 1n each case on tho rear fumiga-
tion truck. The other trucks were Joaded in the nsual manuer, and
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bales on the truck next to the one containing the spaced bales were
used as a check. Only bales from the center row were sampled.
The results of these experiments are given in fable 12,

TanLe 12— drerage gos concentration of hydrocyanic actd wilhin compressed cotlon
and Unlers bales, separated by Hmbers or loaded lightly in fumigation chamber,
lreated stmultancously, using constant exposure of 2 howrs vnder low pressure
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In all comparable cases the livdrocyanic acid content of the spaced
bales was higher.

No doubt the most effective procedure would be {he romplete
separation of all bales, both vertically and horizontally. This, how-
ever, would result in considerable lost space in the fumieation tube
with consequent higher cost.  The two sets of 4-inch timbers placed
between the three layers of bales allowed the nsual load of 150 hales
compressed to high density 1o be pluced 1In a standard chamber 110
feet long.

REMOVAL OF HYDROCYANTC ACID FROM FUMIGATED BALES

An objectionable feature in the commercial fumigation of baled
cotton with hydrocyanic acil 1s the gus remaining in the bales after
removal from the Tumigation chamber. Although this residual gas
undeubtedly has an insecticidal value, it would be advantageons to
be ahi‘&remm‘e it after a complete kill of the insect has been assured.

The Tmmercial practice is to allow the air to enter the fumigation
chamber after the end of the exposure period, pump it cut until the
pressure in the tube is the equivalent of 3 inches of mercury, and then
allow the air to pass into the chamber again. A sccond pumping to
approxumately 15 inches is sometimes made. This process removes
most of the free hydroeyanic acid from the fumigation ehamber, but
only a little from the cotton bale itself, as is shown in tables 1 and 2,
in which the analyses of samples from the center of the bale are taken
after washing with one change of air, The enormous surface area
of the cotton fibers within the bale apparently adsorbs the gas and
releases it very slowly.,

Tins means that the baled cotton is giving off hiydrocyanic acid for
several duys after fumigation, and if stored in a confined space this
may build up a dangerous concentration around the bales. Experi-
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ments were therefore carried on in the small fumigation chamber to
deterniine the possibility of removing the hydrocyanic acid from the
bales. Two flat bales of linters were used in each test, with o dosage
of 4 ounces of hydrocyanic acid per 100 cubic feet. The bales were
fumignted at low pressure for o period of 2 hours and then subjected
to repeated washings with air, the pressure being pumped down %o
the eguivalent of 3 inches of mercury in the chember and then the
air allowed to enter to atmosplieric pressure, and the pumping re-
peated. The first experiment was with two bales of linters. At the
end of the fumigation period the pressure was inercased to that of
the atmosphere by allowing air Lo flow inte the chamber., Gas samples
were aspirnted from the bales and chamber and analyzed. The pres-
sure was then reduced to 3 inches of mercury and immediately in-
creased to atmospheric pressure, nnd gas samples from the bales and
the chamber were again taken. This eycle was repeated seven times,
ench evele requiring about 20 minutes.  The results of this experiment,
shown in table 13, indicate that the hydrocyanic neid concentration
of the bales was shghily higher after the first pumping, and that there
was n gradual reduction in concentration alter each treatment. The
greatest reduction in hydrocyanie acid content 1n the bales occurred
in the third exhaustion of the fumigation chamber, and after this the
rate of removal of the fumigant from the bale is considerably lower.
It is shown that the hydroeyanic ackl concentration around the bales
is reduced materially in the first exhaustion of the chamber.

TABLE 13.~ Conconiration of hydrocyanic acid fn space surrovwnding bales of linters
and within boles, using cxposure of 2 hours under Tow pressure, with repraled
crhanstions after Tumigniion to a pressure af 3 inches of mereury
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Ordinarily in commercial fomigation the exhaustion of the Chamber
Ly pumping requires about 20 minutes.  In order to ereate an appre-
cinble decrease I the gas content of the fumizated bales the chamber
would have to be exhausted to o pressure of 3 inches of mercury three
times.  This would require an bour of continuous pumping, aud the
cost of operation and Joss of time would be of importance.  According
o theae experiments the hydroevanic aeid in the bales would be
reduced 37 perceut in this operation.

Sinee in commercinl fumignlion operations it requires 20 ninutes
te oxhaust the hydroevanie acid fram the fumigntion chamber, it
seemed] worth-while to see whether some mare eflicient niethad could
be found for removing the Tumigant from the interior ol the bales
within that period of time,
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In the next experiment the air-gas mixture in the chamber, after
the first return to atmospherte pressure, was exhausted to o pressure
of 9 inches of mercury three times. This required about 30 minutes
of continuous pumping. The hydrocyanic acid concentration around
the bales after the chamher was exbausted three times was reduced
to 1,087 p. p. m. The average hydrocyanic acid concentration within
the bales before and after the chamber was exhausted three times
was 11,040 and 10,050 p. p. m., respectively. Although the average
concentration is abnormally high in this test, the concentration within
the bale was reduced by only 990 p. p. m.

In o third experiment the pressure of the air-gns mixture in the
fumigation tube was redueed to 18 inches of mercury six consecutive
times, which required approximately 30 minutes of pumping. The
hydroevanic acid concentration surrounding the bales at the end of
this time was 1,270 p. p. m., a reduction from 3,135 p. p. m., and the
conecentration of hivdrocyanic acid at the center of the bale had been
reduced from 7,460 p. p. m. to 6,788 p. p. m,, a reduetion of 672
p- p. m.—less reduction than was obtained in the last experiment,
and considerably loss reduction than was obtained when the pressure
within the fumigation tube was redueed to 3 inches of mercury in
successive wishings.

A number of other experiments were earried out, but in no case was
the removal of the hydroeyanie aeid as complete as was obtained in the
experiments shown in table 13, in which the air-gas mixture in the
chamber was exhausted to the equivalent of 3 inches of mereury on
successive washings with air.

EXTPERIMENTS WITH TINK BOLLWORM LARYAE

The following experiments were undertaiken to determine the con-
centration of hiydroevanie aeld and the length ol exposure under
various temperatures and pressures neeceasary to kil have pink boll-
worm larvae, that 1s, Iarvae cutside the seed, and larvac in the seed
mn bales of cotton and on the surface of the hales.  The first experi-
ments ave concerned with pink bollworms removed Trom the seed.

NGSAGE O HYDROCYANIO ACID LETHAL TO THE PINK BOLLWORNMN

In the firat set of experiments on lethal doesages the ~uk bollworm
larvae were renoved from the cottonseed and placed 11v a fumigation
chamber, the air exhausted to the equivalent of 2 inches of mercury,
the selected dosage of hydroeyanie acid applied, and the aic imuedi-
ately brought up fo a pressure cquivalent (o 21 inches ol mercury.
The Immg:nlmn ])L‘ll(){l was 2 hours from the Gime the hydroeyane
acid was mtroduced into the Tumigation chamber.  Ten larvae were
used 1 eaech experiment, and the dosage or {emperature differed in
each of the eight experiments, the results of which are givenin table 14,

One-twenticth of an ounee, or a concentration of 636 p. p. m., cal-
culated on an alr pressure which was equivaleni to 21 inches of
merery in the chamber, gave a complete kill at 89° aud 91° 17, and
was the lawoest concentration lound lethal in all cases.  These experi-
ments were repeated several times.
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Tarre 14~—Ferceniages of bare pink bollworm larvae killed when subjecied to various
dosages of liguid hydrocyanic acid under ligh pressure for a fumigation perind of
& hours
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1 Theorelienl voncentention of hydroeyanic neid in pacts per million at a pressure of 21 inclies of merenry.

‘The next series of cxperiments was with small quantities of cotton-
seed, infested with pink bollworms. In thesc tests high-pressure
fumigation as used for the bare larvae was compared with low-pressure
fumigation in which the 2-inch pressure wus maintained until the end
of the fumigation period. The results of these experiments are
shown in table 15.

TanrLe 315.—Prreeniage of pink bollworm larvae Lilled in samples of 200 infesied
coltonseeds sulbjected to warious dosages of liquid hydrecyanic acid wnder high and
low pressurcs for a fumigation period of 2 hours gl lemperaiures beliween 80°
and 80G° .
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The dosage required to produce a complete kill 4t high pressure in
the chamber during the fumigation period was spproximately two
and ene-half times that required to produce a complete kill at low
pressurc. When caleulated ns parts per million of the air-gas mixture
in the fumigation chamber during the fumigation period, the concen-
tration of hydrocyanic acid in the air-gas imixture using high pressure
had to reach 3,220 to effect complete mortality, whereas in low-pres-
sure fumigation the lowest dosage that eflected complete mortality
was 13,540. It seems evident, then, that the concentration of hydro-
eyanic neid in fhe gas mixture is an hmportant factor in the lethal
elfect of the mixture on the pink bollworm lurvae.

A third series of experitnents was carried on to determine the effest
of various temperatures on the lethal effect of a given dosage of hydro-
cyanic acid applied under low pressure—that is, a pressure equivalent
to 2 inches of mercury in the fumigation chamber—on larvae in in-
fested seed. In these experiments dosages of approximately 0.35
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ounce ol hvdrocyanic acid per 190 cubic fect were used, and the tem-
perature was varied between 36° and 70° I'.  The results are shown
In table 16. There was a gradual increase 1n the percentage of kill as
the temperature increased, the highest kill, or 100 pelcen{ oceurring
at temperatures of from 66° to 70°, and the low est, or 17.3-per cent
kill, at temperatures of from 36° to age. Apparently, with this cdosage,
which is approximately 46,410 p. p. n, in the air-gas mixture in the
chamber during fumwamon, the tempemtme should be above 66°
to effect o complete kill.
Tarrg 16.—Percentage of pink ballworm larvae killed in samples of 200 infested
collanseeds subjected (o vaviows temperatures with an exposure of 15 minules under
low pressure and a dosage of 0.33 swnce of hydrocyunic acid per 100 cubic foet
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The next experiment was with o constant dosuge, an approximately
constant temperature, and a constant period of exposure, but with a
variation in the pressure of the air in the fumigation tube, that is, a
variation in the concentration of the liydrocyanic acid in the gas
mixture, A dosage of 0.075 ounce of hqmd Livdroeyanic acid per 100
cubic feet was used in all these expertments, and the pressure within
the tube during the funugation period ranged from the equivalent of
2 inches to 20 inches of mercury. Two hundred seeds from a supply
that had a high percentage of infestation were used in each experiment.
Tt is noticeable from the results shown iu table 17 that with the lower
pressures there is a fairly bigh kill, the percentage of mortality ranging
from 100 ab & pressure of 2 1nches to 88 at & pressure of § inclies. 1t
is thus evident that with bare sced a considerably higher mortality
can be obfained with the same dosage of hydrocvauic acid when
pressure within the chamber is low and the concentration of hydro-
cyanie ackd in the gas mixture is high, These experiments with pink
bollworm lorvae, both removed {rom the seed and in the seed, show
that the higher the concentration of hydroeyanic acid in the giis
mixture, the hlrrhel the temperature, and the lower the air pr essure in
the ftumga.ﬁmn chambel, the higher will be the mortality in a given
time period.

TasLe 17.—Percentnge of pink bollworm larvae killed in samples of 200 infested

collonsecds subjecled lo uan'ou.s chamber pressures wilh consiant fumigation peried
of 2 howrs and dasages of 0.075 ounce of Liguid & r,:dmc:;rm.'c m'i{i ;uu 100 culic feet
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EXPERIMENTS WITH PINK BOLLWOHMS IN COTTONSEEDS IN BALES FUMIGCATED
UNDIER COMMERCIAL CONDITIORS

In these experiments, which were conducted i Januury and Fehry-
ary 1928 In a commercial fumigation chamber, the cottonseeds in-
fested with pink bollworms were placed in the interior of cofton bales
and fumigated under low pressure in the commerciat load of cotton.

INSERTING THE sEEDS IN THE BALE BEFORE {"OMPRESSING

The method followed in inserting the infested seed In the hales
was first to remaove the bands from an ordinary flnt bale of cotton and
separate the bale, plicing in the center a 2-inch, extra heavy, cast-
iron pipe clhow, which had previonsly boen filled with infested double
seeds and the openings partially clused by pipe bushings. Thie bales
were then compressed to standard density 1n a commercial compress
and were placed In a Joad of cotton that was being fumigated com-
mercially.

After the fumigant had been applied and the hales removed from
the chamber, gas samples were taken from the center of the hale in
the usual manner, the bales were broken. and the castings containing
the infosted seeds removed. Al test bales were placed in the middle
layer of the load, as the hydrocyanie acid content of hales Fumigated
In this position was lowest. The results of these experiments are
shown 1n table 18, bales 1 te 5, Tumigated under low pressure at
50° F. - Moartality of 100 percent was obtained in all cases, exeepl in
that of bale 4, in which the hydroevanie aeil concentration at the
center was considerably lower than In the other four bales. There
was & 12-pereent survival in this bale.

Tanir 18— Concentralion of hydrocyenic aenl gos and precentage of pink hollworm
larvae Filled within rompressed eolton bales with o dosage of 5 aunces of bodro-
cyanic acid per 10 cubie feed
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A duplieate experiment was made with five bales of cotbon in
which the temperature was 44° F.  In this test 147 compressed cotton
bales were fumigated under low pressure, 5 of them, located as before
in the middie layer, containing castings with infested seed in them.
The results are shown in table 18, bales 6 to 10.  Complete mortality




FUAMIGATION OF COTTON FOR THE PN BOLLWORM 31

of the pink bollworm larvae oceurred in four of them, while in the
other bale, which bad a hydrocyanic acid concentration at the center
of 1,118 p. p. m., much lower than in the other four bales, none of
the larvac were killed. 1t is noticeable also that complete mortality
ocenrred in the bale in which a hydrocyanic acid content of 2332
p. p. m. was found, which is only slightly higher than in bale 4,
wherein only an 88-percent mortality wis obtained.

A third experiment was carried out exactly as were the two just
described except that the hales were [umigated under bhigh pressure.
The result of this experiment i3 also shown i table 18 fhales 11 to
1571,

The third experiment was made af 457 F. approximately the same
as that at which experiments on bales 6 to 10 were condueted,  In all
cazes in this experiment there was constderable survival of pink boll-
worms in the infested seed.  The pereentage ol mortality ranged from
15 to &1 pereent, and the hydroevanie Taeid concentration at the
center of the bale, 95 was to bhe expected, was very much lower than
in the bales fumigated under low pressures. These three experi-
ments show that low-pressure Dimigation s more effective, as would
e expected from carber work showing the concentration of hydro-
exanic acid present in the bales. In these experiments, however.
the infested seed was removed immediately alter the bales had been
taken from the chamber, and the effect of the hydroeyanie geid on
the pink bollworm was limited to the 2 hours' exposure in the chamber.
In commereial practive, whether the bales were allowed to remain on
the platform or were shipped. the residual gas, whirh has been shown
earher in this work to remain in the bale for n considerable period,
would undoubtedly bave a [umigating effeer long alter the hales
had heen removed from the [utigation chamber.  Another series
was therefore inttinted to approximate more closely the conditions in
the commereial fumigation ol cotton.

IN=ERTING THE <EET 1Y BRAsS- TURES AFTER COMPUHESSING

When the eastings were used it was necessary Lo break the bales to
remove the seeds and to reconmipress themn immediately after the bales
were removed from the chamber, which interfered considerably with
commereial operations. A meihnd was therefore worked out in which
brass tubes containing pink bollworms were inserted into the bales.
These tubes were of henvy hrass, hichly pelizhed on the outside, 22
inches loug, and %-inch diameter inzide, pointed at one end and
threaded at the other. The tubes were perforated with twenty-four
L-nch holes, drilled around the perimeter of the tube just ahove the
pointed end, the perforated section being approximutely 2 inehes in
length (fig. 7). When the tube was driven into the end of the bale
the perforated area was from 15 te 17 inches deep.  Since the hydro-
evanic acid could enter the tube only through the perforations, the
outer end being clased by a cap, the martality of the pink ballworms
within the tube would be caused by the air-hiydrocyanie acid mixture
entering through the perforations, which were deep in the bale. The
capﬂmty of these tubes was 200 double seeds, but only 100 double
seeds were used in each tube and these were spread evenly along the
full length of the tube. When the seeds were removed [rom the tube
they were attached to one another by cotton fibers, and the string of
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seeds could be divided into three sections—the inner section, which
was covered partially by the perforations, and the center and outside
sections. All test bales in this experiment were in the middle layer,
and gas samples were obtained as soon as the bales were removed
from the fumigation chambers and ot daily intervals thereafter.  All
tests were made under low pressures, using 6 ounces of hydroevanic
acid per 100 cubic fect of space for a period of 2 hours.

In the first experiment tubes were inserted into four hales of cotton
and into six of linters (bales 1 1o 10, table 19V, Individual bale
temperatures were tuken and the average wos found to he 51° 10,
The tubes were allowed to remain in the bales until daily samples of
gas 1 the center of the bale showed a very low coneentration of hiydro-
exvanie acid.  The pink bollwoun arvae in the tubes exposed to the

R B
;-4\ Droa fupe Stred cop —— -

T T e | T
Etrm =
: =]

]

L}

Fusrpe 7o e tithe used for insertine infested enttonsesd into the conter nla tanle,
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remaining in the bales for 8 consecutive davs were all killed. ™ Table 19
gives the hydrocyanic acid concenteation of each of the 10 bales
immediately after removal from the chamber and during the 8 days
Lthe tubes were in place.  The average hyvdroevanie neid eoncentration
in the hales was rather Jow as compared to that in some of the other
experiments, even immediately after they were removed from the
chamber. 11 gradually decreased during the 8 days.
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The second series of experiments with the tubes containing infested
seed was earried on in exnetly the same manner 4= the first (bales 11
to 20, table 19) except that the gas samples were taken only through
the sixth day. In this series there was also 100-pereent mortality in
the pink bollworm larvae in the bales. These tests show that it 1s
possible to ebtain a complete kill of larvae within the bales with a
dosage of § ounces of hydrocyanic acid, even ut temperaiures as low
as 1% F. under commereinl conditions.

1t was indicated from the foregoing experiments that the hydro-
evanic aeid remaining in the bale after fumization is an dmportant
factor in effecting complete mortality.  To obtain evidenee on the
effeet of this residunl hvdroevanie acid alone, an experiment was
carried out in which the hales were fumiegated mnder JTow pressure with
a dosage of 6 ounces of hyvdroevanic acid for a period ol 2 hours, and
on removal from the fumigntion chamber brass tubes containing in-
feated double seeds were diiven into the ends of 10 bales of the middle
laver and gos simples were obtidned from each Bale at the same time.
The average tempersture was 619 ¥, The tebes were allowed to
remain in the bales for 72 hours and were then removed and the per-
centage of larvae killed was determined. The results are shown in
tuble 20.
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1t will be seen that the bydroeyanie aeid in the bales, alter removal
from the ehamber, is suflicient to kill most of the pink bollworms
present.  The lowest percentage of kill was 43 and the highest 87.
An average mortality of 91.5 pereent was obtaivned in the seeds par-
tially in the perforated portion of the tube; in the middle portion an
average mortality of 54.9 percent pecurred, and in the rear portion—-
that 1s, the outsicle portion farthest away {rom the source of the
hydrocyanic acid—the mortality was only 27.1 pereent. No five
larvae were found in the seed direetly under the perforations.

The results of these experiments indieate that the bydroeyanie acid
remaining in the bales after they had been removed {rom the fumiga-
tion chamber is an important factor in the killing of pink bollworm
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larvae that may be present, and that as a result of the effect of this
residual gas a complete kill may be expeeted at temperatures as low
as 51° F. under commercial I“()ndlll()ll‘a with a dosage of 6 ounces of
hydrocyunic acld per 100 cubie feet, and with @ 2-hour exposure under
1ow pressure,

FUMIGATION OF FLAT LINTERS AND COTTON HALES

Investigational work wus carvied on during 193 14932, and 1933
on the fumlgutiun of flat linfers and cotton bales, the 1t 1%, bules as they
come from the gin or oil mills, which are not compressed.  These bales
are much foosor than standard compressed bules and have o much
lower density, amd s method different from the two previously
deserihed was Tollowed fur the in-
sortion ol the infested seed within
the bales.

T this method the infested seeds
were Tastened to sheets of mosguito
netting, somiewhat Jarger than the
cross section of the bale, and placed
within the bule, cither in the press
hox, or after the hule had been ve-
moved fremn the press box by taking
ofl the buands and separating the
hale into five equal purts, taving the
sheets in the Bale, and reassembling
und repressing the bales.  Approxi-
nutely 2% pounds of indested cot-
tonseed was used in each sheel, and

cure wos exeretsed to see that the
sewls were not more than two deep
at any point,  This methed more
nenrly approaches natural eandi-
tions than where the seeds are in-
serted 1o castings or bruss tubes,
- — The bhales were then Tunnented in
Trarriee w - =Pl linters b opered shesong Lhe . - N i
netiing Wil infested votionsents atiachsd, the usual way ﬂ““?: with other bales
and keld for several weeks aftor Tu-
stigation to oblain the Gl eflect of the residuad hydroeyanic aeid on
the pink bollworm.  They were then broken open und the test sheets
removed,

In the first experiments with this method in Tumigating under com-
mereial conditions six bales of cotton and six of lintors werp prepared
and Tumigated with 6 vunces of hydroevanie acid per 100 eubic feet
of wpace under low prossures and fut pertod of approxinmtely 3 hours.
Some (hne lnter they were broken open and the test sheets containing
the infested sewds mnm\mi Figure 8 shows o linters bale hroken
open with the test sheet in phr:v. The results of these expertments
are shown 1n table 21,

In this experiment all lurvace present were killed. The bale temper-
atures ranged {rom 512 to 612 1., and the resubts indieate that this
trestment should be elfective within this range of temperatures. In
view of the effect of the residual hydrocyanie geid on pinde bollworm
furvae in the bale s shown in the experiment just discussed, 1t scemed
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worth while to determine the cffect of commercial fumigation on pink
bollworm larvae which might be on the surface of the bales. Experi-
ments were therelore carried on in which sacks of infested cottonseed
were placed between the lavers of bales in the fundeation chamber
and were removed Immedia tely after the bales were taken out of the
chamber. The sacks wore distributed in the fwmigation chamber
about 15 feet apart, lengthwise of the chamber. These tests were all
carried out under low-pressure fumigation, with a dosage of 8 ounces
of hydrocyanic acid per 100 cubie feet of spuce with various exposLres
as shown m table 22,

TasLe 210 Piuk bollworm larene Lilled within Linlers and cotion bales with the
tnfested seed placed on shedds aof wasquilo uetting, wsing # ounces af hydrocyanic
acld pir 100 cobiic feod and an erposirr of approrimalely 3 hours under Iow Bressure
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Table 22 shows that at {femperotures of 48° . or below there was
an occasional survival.  This may have been due to the low temper-
atures or to the Tact that in this case the coltonseed was in small
sacks and several layers thick and notin a single layor of seed as would
be the case under commereial conditions in cottonseed adhering to
the bale.

In the 12 later tests, shown iu the lat'er part of the tsble, large
sacks were used, and tlus made it possible fo spread the seed to the
thickness of single seed in most cases.  There wus & 100- pelcent Lill
in all cases. The fumigation period ranged from 2 (o 174 bours.
From these tests it seems prohable that with tompomtums of 51°
F., or above, a complele kill of the pink bollworm in infested seed
and adbering 1o the outside of the bale could be obtained.

In view of the occasional survival of pink bollworm larvae in the
experiments just discussed, it was decided {o repeat the experiments
in the winter of 1032, A larger number of test sacks of infested seed
were used, and the sacks were of sullicient size to allow the spreading
oub of the cottonseed so that i was In most cases not more than one
layer thick. These experiments were carned out during January,
February, and March, and the results are shown in table 23. The
period of fumiegation was from 2% to 3 hoors, and the temperatures
between Lhe bales ranged from 39° 1o 63.3° F., being in all cases
except one helow G0° In these (ests, 2.088 larvae were recovered
from the mfested seed, and all but 1 had been killed by the treatment.
This one larva was exposed ot the lowest temperature of that obtaining
in any of the experioents,

TanLe 23.- Martalily of pink hellworm lareae in coffonscd in cloth sacks placed
between flaf Linter and cobfon buades, and fumigeied with # ouances of fiydrocyanic
acid g 1K} cubie Joet, with varvious lepgths of ceposure wader low pressure 1 a
commereigl chamber, 1632
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H is 1o be noted that in the case of sucks placed between the bales
and removed immedintely after the fumigation there would be no
effect of restdual hvdrocyanic aeid olher than the small amount
contained in the sced.

From the results of these two series of experiments it is evident
that pink bollworms on the exterior of the hales would be killed with
& dosage of 6 ounces of hydroeyanic acld per 100 cubic foet of space
and an exposure of 2' hours under low pressures, at temperatures of
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50° F. or above, and that most of the larvae would he killed ut con-
siderahly lower temperniures.

THE EFFECT OF LOW.TEMPERATURE FUMIGATION ON THE PINK BOLILWORM

To determine the efficacy of fumigation with hydrocyanic acid at
low temperatures in both high- and low-pressure {umigation, a series
of experiments were carried on during the spring of 1933 with flat
cotton and linters bales, In these tests 10 bules of linters were
prepared with sheets of mosquito netting containing infested cotlon-
seeds, #s previously deseribed. These bales were placed eold
storage with an equal number of bales containing no seeds, these
tatter being used {o inerease the load in the experimental fumigation
tube to approximate commercial conditions, Sheets of mosquito
netting containing Infested cottonseeds were also placed between lhe
hales and on fop of the top bale in the chamber.

The dosages of hydrocyanie neid used were 4, 6, amd 8 ounces per
160 cubic foeh of chambet space, including the space oceupied by the
cotton. The resulls of these experiments aye shown in table 24.

Tapie 24—2artality of pink hotbworm larear within flat lnters bedes in infrsted
eotlonsceds placed on sheals of mosquito netling and famigated with varions dosagrs
of hydroeyanic acid with an ceposnre of 2 feprs wpder law aned Jigh pressuee in
Rt rimendal fremigatinn chetinlr, 1H33
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Fron: table 24 it is evident that at jemperatures ranging from 35° 1o
51° IF., at the center of the hale, it Is not possible 1o obtan # complete
kill of the pink bollworm larvae, either within the bale or between
the bales, with a dosage of 4 ounces of liquid hydreeyanic acid and s
fumigation period of 2 hours, at high pressures. A complete kill,
however, was obtained both outside and inside the bale when a dosage
of 8 ounces of hydroeyanic acid was applied at high pressures.  Fumi-
gation under low pressure gave n complete kill of the larvae withia
the bale in all but two cases, one with a 4-ounce and the other with a
6-ounce dosage. There were survivals between the bales in two cases,
one with the G-ounce and one with the 4-ounce dosage. There were
no survivals on the outside of the bule. The temperatures at the
center of the bales when these were fumigated ranged from 38° to 51°.

These experiments corroburate earller work 1n that wath low-
pressure fumigation a lower dosuge of hydrocyanic acid can be used
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with the probability «f a complete kill, and this is especially true at
the lower temperatures. Where the infested seed was exposed on
top of the bale in the ehnmber, o complete kill was obtained in all
cAses.

FUMIGATION OF COTTON AT ATMOSPHERIC PRESSURES

The reaults of the work already deseribed show that the concen-
tration ol hydroeyanic acid on the outside of the bale under high-
pressure [umigation is relatively higher than in low-pressure fumiga-
tion. 1t has been shown also that pink bollworms on the outside of
the hale would be killed even at Jow temperatures with a dosage of 4
ounces ol hydrocyanic aeid (o 100 cubie feet of chamber space. 1t
seemed possible, therefore, that Jarvae outside the bale and also just
beneath the sarface of the bale might be killed hy fumigation with
hydrocyanie acid ot atmospherie pressures il a sufliclently long expo-
sure were given.  In experiments that will not be discussed here it
s heen shown that in bales which had been given standard compres-
ston, the seeds in the interior were erushed in pructieally all cases,
and in infested seed there was practically no survival of the larvae at a
depth of 3 inches or deeper. Experiments were therefore initinted to
work out, if possible, @ methed Tor the fumigation of cotton at atmos-
pherie pressures, making no attempt 1o foree the hvdroeyanic aeid
mta the cenier of the bale in Jetiul concentrations, but observing the
effect of the fumigant on Luvae 1 infested seeds which were on the
outside of the hale nnd at a depth not exceeding 3 inchies in the hale.

The experimental fumigation chamber was used =o that it would be

possible 1o circulate the air and hydroeyanic acid gas mixture within
the chamber, the fumigant being drawn out at the top of the chamber
by means of a vacuum pump and foreed back into the ehamber at the
hottom. 13 estimated that the pump had a eapueity of 37 cubic
feet per minute, or one complete change of air in the chamber in
approximately 6 nunutes.

EXPERIMENTS WITH FLAT BALES

in preparing the bales for this experiment infested cotionseed was
placed in small eloth sacks, 2% by dinches.  Ten selecied seeds, which
gave evidenee of containing live pink bollworms, were placed in the
hottom of each snek and held in position with wire staples. The
ends of 1he sucks econtaining the seeds were foreed into the sudes of the
bales to depths of 1, 2, and 3 inches,  Twelve sacks were used in each
bale., These were not removed from the hales until most of the
residual gas had apparently disappeared. One pound of infested
cottonseed was spread out on top of the hale to determine the effect
of the fumigant on seed which might, under commercial cenditions,
adhere to the surface of the bale. Two flat hales of linters were used
in each experiment and the bales were placed on the fumigation truck
on end with a space of 4 inches for gns circulation between the bales.
The temperatures of 1he bale and of the fumigation chamber were
fnken at each test. At the end of each experiment the door of the
fumigation chamber was opened hul no attempt was ninde to remove
the frec hydroevunic neid within the chamber hy exhausting 1t

In the first two experiments the air-gas mixture was not circulated
in the chamber, and all pink bollworms on, but net those within the
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bales were killed.  This indieated that air mo -ement might be necos-
sty to bring the gas mixture quickly in contact with these surfaces,

Seventeen tests were carried out with the gas mixture circulating
for the entire fumigation period except in four instances, The
results of these (esis are shown in talile 25,

Tanue 25, Mortalily of pink bollworm lareae in coltonseed located witlin flat Linters
bades to a_depth of 3 Inches aud frmigaied witlh dosuges of 2 to 4 o res of hydro-
eyastic acid per Hileuble feet for vnefons periods of expusure al atmaspheric pressure
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The effect of temperature is very evident. With the mininum
temperature below 44° 170 there was an oceasional survival even with
concentrations of 3 ouneces of hydroeyanie acid per 100 cubic feet of
chamber space, but at 44° and above no survival was found with a
dosage of 3 ounces of hydroexanie acid,  1n experiment: 14, 217 ounees
and 1n experiment 16, 2 ounces of hydrocyanic acid was used with no
survival. - In experiment 17, however, 2 ounces of hydrocyanie acid
whs used and fwo larvaein the bale survived.  With the exposure of §
hours and a dosage of 3 eunces of hydroeyanie acid 1wo pink bollworms
survived, one in the bale and one on the outside of the bale.

From these dafa it would appear that o complete kill of pink boll-
worm larvae in infested seeds {0 depths of 3 inches and on the outside
of the hale could be obtained in 6 hours with a dosnge of 3 ounces of
hydroeyanic acid to 100 cubic feet of chumber space including the space
occupiedd by the cotton, provided the temperature of the cotton is
509 F. or ahove. Bales should be so spaced in the chamber that the
alr-gas mixture can comein contact with them on all sides, and the gas
should be circulated continuously for the entire fumigation period.
A Joad should not. he more than elght flat or compressed bales to ench
900 to 1,000 cubic feet of chamber space. 1t is possible that a lower
dosage could be used with a longer exposure. ” The time factor is
usually of considerable importance, however, in commercial practice—
more, 1n fact, than the cost of a small additional qua ntity of the fumi-
gant. This method of fumigation is more economical than fumigation
under reduced pressure for compressed bales, as the cost of the re.
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quired equipment is much less. The treatment can be applied in a
gastight room with means for volatilizing the hydrocyanie acid and a
fan or blower for circulating the gos mixture within the room. Tt
should not be applied to flat bales which are liable to be infested with
pink bollworm larvac unless these bales are to he compressed immedi-
ately, as at atmospheric pressures the hydrocyanie acid will not pen-
etrate 1o the center of the bale in lethal concentrations.

EXPE#IMENTS WITH COMPRESSED BALES

Three tesis were made in this ehamber in [umigating under atmos-
plerie pressures bales of cotton that hiad heen sompressed to standard
density.,  One compressed bale and one flat bale of linters made the
load in the chamber, but infested seeds were placed only in the com-
pressed bale.  In the first experiment the temperature of the bale wasg
45° 1", at the heginning of the test, and increased to 48° at the end.
The fumigation peried was 6 hows, and the dosage was 4 ounces of
hydroeyanic acid per 100 cabic feet of chamber space.  The fumigant
was circuluted continuously in ail tests.  Sixty-five larvae were talen
from the treated seed within the bale and 143 from outside the bale.
Allwere dead,

In a second experiment 3 ounces of hydrocyanie acid per 100 cubic
feet of chamber space was used for a period of 8 hours with constant
circulation.  The temperature of the compressed bale ranged from
40° to 47° . Sixty-elght larvae within and 123 outside of the bale
were killed.  There were no survivals.

The third test was with 3 ounces of hydroeyanic acid per 100 cubie
feet, of chumber space for a periad of 6 hours, the air-gas mixture
heing circulated the entire time, The temperature of the bale ranged
from 40° to 44° 17, All the pink bollworm larvae, 55 in seeds in the
hale and 163 in secds on top of the bales, were killed by the trentment,
I't was noted that the hydroeyanic acid concentration, as determined
by analysis of the air around the hale, was somewhat higher where
compressed bales were used than when flnt bales were funugated.
This indicates a lower rate of fumigation in the compressed hale and is
n accordance with results obtained in earlier work. The hydroeyanic
actd apparently did not penetrafe readily to the interior of the hale,
aw it max in the ease of Joose uneompressed bales.

FPram the results of these tests it wonld seem glaé temperatires be-
low 50° I may be unsatisinetory for fumigation at atmospheric pres-
sure, though I many eases o complete kill of pink bollworm larvae
accurred ot temperatures as Iow as 40° to 41°,

Cotton bales, of course, cool rupidly on the outside, but much maore
slowly in the inferior. 1t would he possible, if the temperatures are
100 low, to heat up the outside of the hale by means of steam coils in
the fumigation chamber belore the application of the hydrocyanic
acid. Two experiments were made in heating cotton bales, simply by
heating the walls of the fumigation chamber to a high temperature,
around 190° 12, hefore the introduction of the bale. By this method
one bale was heated from 467 to 79° at a depth of 3 inches in 2 hours.
Under commereial handling of cotton, the heat capacity ol the fumiga-
tion chamber would hardly be sufficient to hent a load of baled cotton
to a high temperature, and it would be necessary to install a heating
coil il the temperature of the bales were to be raised cousiderably.
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MECHANICAL EQUIPMENT USED IN FUMIGATION OF COTTON

The mechanical equipment used in fumigation under reduced pres-
sures has been develeped gradually from the erude equipment used in
the first experiments to special equipment built for this purpose and
well adapted for rapid fumigation under commercial conditions. One
of the fumigation chambers used in the fumigation of colton, and of
the type particularly adapted to fumigation af this produet, is shown
in outline in figure 9.

This fumigation chamber is 110 fect long and 9 feet in dianmeter,
with a volume of approximately 7,100 cubic feet. 1t is constructed of
%-inch boiler plate, riveted together with heavy splice plates, rein-
forced by 3- by 3-inch angles on the inside on 2-foot 5-inch ¢enters
lengthwise of the chamber. These angle-iron hoops are riveted to
the chamber to strengthen the walls so that they will not collapse
under the pressure when the airis withdrawn from the interior.  When
the air pressure within the chamber was reduced to approximately 2
inches ol mercury, the pressure on the outside would he equal to 2,000
pounds per square foot at I8l Paso, and unless the sides of the chamber
are adequately supported there is dunger of eollapsing the ehamber or
so deforming the plates that the joints willopen.  In many humigation
chambers the angle-iron rings are attached to the outside by welding
or riveting, and this is mueh the better practice, as the extensions on
the inside are likely to catch the cotton bales or material on the trucks
when the chamber is Joaded, or as the load is being withdrawn. The
joints in the plates can either be welded or riveted.

For cotton fumigation the chambers are raised fiom the ground so
that the track at the bottom of the chamberis on a level with a hox-car
floor or with the platform of the compress shed. At the bottom of the
chamber (fig. 9) there is a track supported by wooden eross ties, to
accommadate the trucks containing the cotton bales. These tracks
are connected by switches with lines to the compress so that trucks
can be londed from the compress or Irom the floor with w minimum of
hand lahor.  The trucks are shout 10 feet long with a pair of wleels
at either end, and when eoupled together are separated from one
another by about 6 inches so that they can follow the curves of the
track on the platform.

Both ends of the chamber usually open and can be closed with heavy
doors. The doors in the fumigation chamber shown are constructed
of one-hali-inch boiler plate, convexed to the outside, riveted to the
collar of a heavy east-iron flange which closes against a second heavy
flange attached to the end of the fumigation chamber. The door
swings to one side on two heavy hinges extended so that the door
swings clear when opened wide. It closes against a heavy gashet on
the ﬁange in the tube, and is beld in place by fasteners in the flange
on the tube, which swing into slots on the flange of the door. These
[asteners are made of 1k-inch steel rods with an eye and pin in one
end, and threaded on the other, with nut and washer for pulling the
doors in place. Fnsteners are placed 1 foot 6} inches apart on centers.

The air is exhausted from the chamber usually by means of a re-
ciprocating air pump through an opening at the side or top of the tank.
I the chamber here deseribed the exhaust pipe leading from the fumi-
gation chamber is 8 inches in diameter, and extends upward from the
pump about 12¥% feet in order to allow the gas fumes to be exhausted
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well above the rool of the pump house. Gate valves are provided on
the connection between the pump and the fumigation chamber and
on An air intake pipe, teed into the connection between the pipe con-
necting the pwmp and the fumigation chamber on the chaumber side
of the valve. This opening is to allow air to enter the chamber at the
conclusion of the fumigation period, or in washing the cotfon with alr,
or where high-pressure fumigation is employed. The pump is o single-
action reciprocating pump, with one cylinder, 28 inches in diameter
with & 10-inch stroke, operates at 250 strokes per minute, and is
driven by a 50-horsepower motor. This pump will reduce the air
pressure within the fumigation tube to approximately 2 inches of
mercury in 20 minutes, where the normial burometric pressure is 25
inches of mercury.

The hydrocyanic acid is volatiized by heat outside the fumigation
chamber and may be volatilized i a brass coil, jacketed and heated
by steam divectly, or by water which may be heated by electricity
(fig. 4). The volatilizer is connected to the piping svstem on the floor
of the fumigation chamber, s shown in figure 9, which opens at four
places. One-inch galvanized line is used for the main pipe, reducing
to three-fourths inch for the branches.  Openings are spaced equidis-
tant, about 22 feet upart, the length of the fumigntion chamber,

In operating this equipment the lond of cotton on the frucks is
hauled in by means of an electric or steam wineh, the chamber closed,
pressure in the chamber reduced to an equivalent of 2 inches of mer-
cury, the valve between the pump and the chumiber closed, and the
hydrocyanic acid infroduced inte the volatilizer directly from the
heavy flasks in which it is shipped fromt the factory. The flasks of
hydrocyanic acid contain, usually, about 75 pounds of liquid. One is
placed on the scales and the dosage weighed out as the hydrocvanie
acid passes into the volatilizer, which is heated at the time. Bofore the
desired dosage of hydrocyanic acid has been nllowed fo flow inte the
volatilizer, the connection between the volatilizer and the fumigation
tube is opened, allowing the gns to pass into the fumigation chamber.
Other types of volatilizers are used, but the two shown in figure 4
are most commonly used in cotion fumigation,

Comumercial hydrvoeyanie acid has a boiling point of 79.7° F., and a
heat of volatilization of upproximately 440 B. t. u. per pound. The
volatilization of 27 pounds of hydroeyanie acid, then, would require
11,880 B. t. u., besides the heat required (o bring it to the boiling
point, which, of course, would depend ou the femperature of the hydro-
cyanic acid when it was introduced into the chamber.

If the two 2,000-watt electric heaters heated the approximatelyr
181 pounds of water contained in the volatilizer to a temperature of
200° F. before the gas was introduced into the volatilizer, this water
would give off approximately 21,901 B3, ¢, u. helore it cooled down to
79.7°, or sufficient heat to volutilize the hydroeyanic acid and allow
for loss into the air surrounding the volatilizer.

After the gas 1s introduced inlo the chamber the valve is closed, and
in low-pressure fumigation the chamber remains closed until fumiga-
tion is completed. At the end of the period the valve is opened,
allowing the air to enter unéil atmospheric pressure is reached. The
valve is again closed, and the connection in the pump opened and the
air pumped out of the fumigation chumber until the pressure within
the chamber is equal to approximately 3 inches of mercury, after which
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the valve to the pump is closed and air allowed to pass inlo the
chamber again, bringing it to atmospheric pressure.  Another pump-
ing, to a pressure equivalent to 15 inches of mereury, is sometimes made
and the pressure sgain brought to that of the atmoesphere, after which
ihe doors are apened and the cotton removed.  The cotion is usually
allowed 1o stand on the platform for 24 hours hefore heing loaded on
ihe cars fo allow some of the residual hydroevanie neid in the cotton
to escape.

Caution: Extreme enre should be exercised in the handling of hydro-
cyanic acid, as it is exceedingly poisonous, It should be handied
only by experienced men ndequately equipped with efficient. gas masks
provided with eanisters especially for this gas, and every precaution
should be used in eclearing the Tumigarion chamber of residual gas
after fumigation before any person is allowed to enter.

SUMMARY AND CONCLUSI{ONS

Experimental apparitius was developed for the study of the fumiga-
tion of baled cotion Jur {he pink boliworm at pressures helow that of
the normal atmosphere, and nmny experiments were carried on in
commercial fumigation chambers in Texas.

Two systems were compared in many of the experiments—low-pres-
sure, at about the equivalent of 2 inches of mercury, and high-pressure
fumigation, in which the pressure was raised to 20 or 23 inches, as
measured from an absolute vacuum, after the fumnigant had been
admitted.

It was found that if a bale of eotton was In the fumigation chamber
and the air wos exhausted, the alr pressure within the bale fell uni-
formly with the pressure in the space around the hale.  If then the
fumigating gas (hydrocevanic acid) was introduced, the pressure 1n
hoth the center of the bale and in the space around it rose simulta-
neously.

TUnder low-pressure Tumigation the concentration of hydrocyanie
acid in the center of the bale continued to incrense for from 90 to 105
ninutes, due to the diffusion of the fumigant into the bale. The
diffusion was more rapid when the concentration outside the bale
was high. The concentration of the fundgant could he inereased
cither by inereasing the quantity of the hvdrocyanie acid or by
decreasing the guantity of air.  Therclfore, the lower the air pressure
on the introduetion ol the fumigant (ne further introduction of air
heing allowed) the higher the concentration within the bale in a given
time.

The Jow-pressure system consistentiy gave much higher concentra-
tions of the fumignnt in the centers of the test bales.  The dosage of
hrdroeyanic acid per 100 cubie leet of chamber space, including, the
load, found effective in low-pressure fumigation was 6 vwices, with an
exposure period of at least 2 hours.  High-pressure fumigation was
not consistently effective throughout the bale at any of the concen-
trations used.

In experiments with large commercial fumigating tubes it was found
that there was no consistent difference in the coneentration of the gas
in different parts of the tube, whether the fumigant was admitted as a
ens or sprayed in as a liquid to volatilize automatically, except a slight
tendency toward a higher concentration at the top of the chamber,
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In the center of the bales the concentration of the Tumizant was lower
in the middle layer than in the top or bottom layers of bales. This
can be corrected by putting lengths of 4- by 4-inch timbers between the
different layers ol biles.

The concentration of lhivdrocyanic acid throughout a single bale
was more uniform under low-pressure fumigation than under high-
pressure fumigation.  With the latter the coucentration at the center
of the bale was much lower than at points nearer the surface.

No economical method 18 apparent for a rapid removal of the
residual gas from the interior of the bale. It passes out slowly hy
diffusion.

Experiments with bare larvae, larvae in seeds, and larvoe in the
center of bales of cotton showed that n higher dosage of hvdroceyanic
ncid was necessary to abtuin complete mortality under high pressures
than under Jow pressures.

In o study of the effect of temperature on the lethal dosage it was
found thatihie temperature should be above 531° Foat the center of the
bale to insure a complete kill of the larvae in seeds inside the bale wnel
adhering to the surface,

Under low-pressure fumigation nny infested seeds adhering to the
otttside of the bale would be subjeet to o high concentration of the
fumigant only during the time thev are in the fumization chamber.
The gas remaining in the bales for some days after they are rewmoved
from the chaniber plays an important part m the killing of the larvae
in the interior of the bales. A hich pereentage of mortality was oh-
tained even when the Infested seeds were inserted into the bales after
they had been removed from the chamber.

On account of the extended period during which larvae inside the
hales are subjectod to the residual bydroeyanie acid gas, there is little
danger of survival after o low-pressurve fumigation at temperatures of
45° F. or above.

Jn the fumigation of cotton at atmospheric pressure a complefe
kill of any lurvae at a depth not greater than 3 inches within the hale
can be expected with fumigation lor § hours with 3 ounces of hydro-
cyanic acid per 100 cubie feet of space, including the cotton, 1f the
temperature of the bale 1s not below 50° F. This methorl is more
economical than fumigation under reduced pressure and is applicable
to the fumigation of cotton which hus been compressed or is to be com-
pressed immediately.
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