
EFFERVESCENT COMPOSITION FOR IMPROVED CARBON DIOXIDE GENERATION IN
INSECT MONITOR DEVICES  CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional
Application No. 61/458,935 filed December 3, 2010. FIELD OF THE
INVENTION  [0002] The present invention relates to chemical
compositions which regulate the generation of carbon dioxide useful
for attracting insects to an insect monitor and/or capture device.
BACKGROUND OF THE INVENTION  [0003] Bed bugs are small nocturnal
insects of the family Cimicidae that feed off the blood of humans and
other warm blooded hosts. Bed bugs exhibit cryptic behavior, which
makes their detection and control difficult and time consuming. This
is particularly true for the common bedbug, Cimex lectularius, which
has become well adapted to human environments. Other species of bed
bugs are nuisances to people and/or animals as well. [0004] While bed
bugs have been controlled in many areas, such as the United States,
the increase in international travel has contributed to a resurgence
of these pests in recent years. There are many aspects of bed bugs
which make it difficult to eradicate them once they have established
a presence in a location. Accordingly, there is a need for effective
traps to determine the presence of bed bugs before they become
entrenched. [0005] Adult bed bugs are about 6 millimeters long, 5 to
6 millimeters wide, and are reddish brown with oval, flattened
bodies. The immature nymphs are similar in appearance to the adults,
but are smaller and lighter in color. Bed bugs do not fly, but can
move quickly over surfaces. Female bed bugs lay their eggs in
secluded areas and can deposit up to five eggs per day, and as many
as 500 during a lifetime.  The bed bug eggs are very small, about the
size of a dust spec. When first laid, the eggs are sticky causing
them to adhere to surfaces.  [0006] Bed bugs can go for long periods
of time without feeding. Nymphs can survive for weeks without
feeding, while adults can survive for months. Consequently,
infestations cannot be eliminated simply by leaving a location
unoccupied for brief periods of time. [0007] While bed bugs are
active during the nighttime, during daylight they tend to hide in
tiny crevices or cracks. Bed bugs may therefore find easy hiding
places in beds, bed frames, furniture, along baseboards, in carpeting
and countless other places. Bed bugs tend to aggregate but do not
build nests like some other insects. [0008] Bed bugs obtain their
sustenance by drawing blood through elongated mouth parts. They may
feed on a human for 3 to 10 minutes, although the person is not
likely to feel the bite. After the bite, the victim often experiences
an itchy welt or a delayed hypersensitivity reaction resulting in a
swelling in the area of the bite. However, some people do not have
any reaction or only a very small reaction to a bedbug bite. Bed bug
bites have symptoms that are similar to other pests, such as
mosquitoes and ticks. It is not possible to determine whether a bite
is from a bed bug or another type of pest; and bites may be
misdiagnosed as hives or a skin rash. Consequently, bed bug
infestations may frequently go on for long periods before they are
recognized. [0009] Bed bug infestations originate by a bed bug being
carried into a new area. Bed bugs are able to cling to possessions
and hide in small spaces, such that they may be transported in a
traveler's belongings. As a result, buildings where the turnover of
occupants is high, such as hotels, motels, inns, barracks, cruise
ships, shelters, nursing homes, camp dwellings, dormitories,



iii) a deliquescent agent, and optionally iv) an anti-clumping agent.
[0018] !mother embodiment of the present invention is a method of
generating carbon dioxide for use with an insect monitor and/or
capture device comprising the combination of: i) an effervescent
agent, ii) a solid acid; iii) a deliquescent agent, and optionally
iv) an anti-clumping agent. in the presence of at least 11% relative
humidity. [0019] The effervescent agent can be, for example, an
alkaline carbonate salt or a combination of alkaline carbonate salts
such as sodium carbonate, sodium bicarbonate, potassium carbonate,
potassium bicarbonate, ammonium carbonate, ammonium bicarbonate and
calcium carbonate. The preferred effervescent agent is sodium
bicarbonate. [0020] Solid acids usable in the present invention
include, for example, citric acid monohydrate, maleic acid, malic
acid, oxalic acid, malonic acid, tartaric acid, aspartic acid,
fumaric acid, isophthalic acid, phthalic acid, terephthalic acid,
salicylic acid, gentisic acid, gallic acid, mandelic acid, tropic
acid, cinnamic acid, benzoic acid, nicotinic acid, phenylacetic acid,
sorbic acid, 2-pyrrolidone-5-carboxylic acid, trimellitic acid,
p-toluene sulfonic acid and benzene sulfonic acid. The preferred
solid acid is citric acid monohydrate. An anti-clumping agent, such
as fumed silica, for example, Cab-O-Sile Fumed Silica available from
Cabot Corporation, amorphous silica, for example Siloid(19 Silica
available from W.R. Grace and Company, kaolin clay, or mixtures
thereof, can be added to the solid acid to maintain a free flowing
dry material while in storage. The anti-clumping agent is preferably
a 1:1 mixture of fumed silica and amorphous silica present in an
amount of about 5% by weight to the dry acid.  [0021] The
deliquescent agent, can be, for example, a hydrated metal salt
selected from the group consisting of magnesium chloride hexahydrate,
magnesium bromide hexahydrate, aluminum chloride hexahydrate,
aluminum fluoride trihydrate, calcium chloride hexahydrate, iron(II)
chloride tetrahydrate, iron(II) nitrate nonahydrate, magnesium
nitrate hexahydrate and aluminum nitrate nonahydrate.  [0022] The
reaction between the solid acid and effervescent agent is an acid
base reaction. For example, the reaction between citric acid and
sodium bicarbonate produces water, carbon dioxide, sodium hydrogen
citrate, and sodium citrate. Normally this acid base reaction would
take place in an aqueous medium, however the aqueous reaction is
rather quick and the carbon dioxide is released within minutes. The
inventors have found that the addition of a deliquescent agent to an
effervescent agent and a solid acid promotes the acid base reaction
and slowly maintains the reaction by drawing water from the
atmosphere to supplement the water generated in the reaction. [0023]
In order to sustain the acid base reaction and produce carbon dioxide
at a slow and sustainable rate for prolonged periods of time, the
molar ratio of the effervescent agent to solid acid to deliquescent
agent can be adjusted. A sufficient amount carbon dioxide flow rate
in order to attract bed bugs is about 0.5 mL/minute. It is believed
that higher carbon dioxide flow rates will result in an increase in
bed bug attraction. A sufficient amount of carbon dioxide can be
generated using a mixture of sodium bicarbonate, citric acid
monohydrate and magnesium chloride hexahydrate, without further
addition of water, wherein the molar ratio of the effervescent agent
to solid acid to deliquescent agent is from 159:52:1 to 10:3:1, in
the presence of at least 11% relative humidity. The preferred molar



0 Hr 1 Hr 2 Hr 3Hr 4Hr 7Hr 11Hr 15Hr 24 Hr  Control 0.2 0.2 0.2 0.1
0.1 0.2 0.2 0.2 0.2  8.375 gam 0.9 0.6 0.4 0.5 0.5 0.4 0.6 0.3 0.3
16.0 



gram 0.9 0.8 0.9 0.7 1.0 0.6 1.8 1.0 0.3  32.0 gram 1.6 1.3 1.3 1.4
2.0 1.7 3.5 1.9 0.3   WO 2012/074603PCT/US2011/054848 Test Mixture
Flow measurement (mL/min) at 50% Humidity  0 Hr 1 Hr 2 Hr 3Hr 4Hr 5Hr
7Hr 11Hr 



15 Hr 27 Hr Control 0.4 0.3 0.3 0.2 0.2 0.2 0.4 1.6 0.4 0.3 8.375
gram 0.7 0.7 0.8 0.7 0.7 0.6 0.5 0.9 0.6 0.3 16.0 gram 1.1 1.1 1.0
1.6 1. 1.0 0.9 2.1 



1.1 0.3 32.0 gram 1.6 1.6 1.3 1.9 2.6 2.2 1.7 3.4 1.4 0.3 Test
Mixture Flow measurement (mL/min) at 75% Humidity  0 Hr 1 Hr 2 Hr 3Hr
4Hr 5Hr 7Hr 14Hr 23 Hr  Control 0.5 0.5 0.6 0.5 1.7 2.2 1.2 



0.2 0.2  8.375 gram 0.9 0.9 1.1 0.9 0.9 1.0 0.9 0.8 0.3  16.0 gram
1.1 1.1 1.3 1.5 1.3 ND 1.4 1.4 0.5  32.0 gram IA 1.7 1.8 2.8 4.0 ND
2.7 2.2 



1.0  Test Mixture Flow measurement (mL/min) at 100% Humidity  0 Hr 1
Hr 2 Hr 3Hr 4Hr 8Hr 12Hr 24Hr   Control 0.3 1.0 1.6 2.0 2.2 0.3 0.2
0.1   8.375 gram 0.8 1.2 1.2 1.2 1.2 1.1 1.5 0.2 



16.0 y am 1.0 1.7 1.8 1.8 2.0 1.4 1.8 0.2   32.0 gram 1.6 2.4 2.5 2.9
2.5 3.4 3.4 0.5    [0031] As can be seen from Table 1, an adequate
flow of carbon dioxide is generated for a period of over 11 hours
using a mixture of citric acid monohydrate, sodium bicarbonate and
magnesium chloride hexahydrate without the addition of water when the
relative humidity is at least 11 %. The 32.0 gram test mixture can
provide an adequate flow of carbon dioxide for up to 24 hours.  WO
2012/074603PCT1US2011/054848 Example 2 [0032] Test mixtures of the
following were prepared; 13.5 grams (0.064 mole) of citric acid
monohydrate, 16.5 grams (0.196 mole) of sodium bicarbonate and either
(1) 0.25gram (0.00123 mole), (2) 0.5 (0.0025 mole), (3) 1.0 (0.0049
mole), (4) 2.0 (0.0098 mole), (5) 3.0 (0.0147 mole) or (6) 4.0 grams
(0.0197 mole) of magnesium chloride hexahydrate or (7) 2.0 grams
(0.0078 mole) of magnesium nitrate hexahydrate. The molar ratio of
the effervescent agent to solid acid to deliquescent agent for each
test mixture is as follows: (1) 159:52:1 (2) 78:26:1 (3) 40:13:1 (4)
20:6.5:1 



(5) 13:4:1 (6) 10:3:1 (7) 25:8:1 [0033] Each mixture was placed into
separate 50 mL plastic centrifuge tubes (Corning(r) 50mL
polypropylene centrifuge tubes), each centrifuge tube was capped and
the contents shaken until a homogenous mixture was obtained. Each
centrifuge tube was placed into a tube rack inside a clear plastic
glove box. The glove box was maintained at a relative humidity of
50%. Each centrifuge tube was uncapped and the flow of carbon dioxide
was measured by replacing the cap with a modified cap which had a
hole into which a plastic pipette tip was securely inserted. One end
of a plastic tube was affixed to the protruding pipette tip and the
other end of the tube was affixed to a Resteck Corporation Electronic
flow calibrator (Model 21606). After about one minute, the flow of
carbon dioxide was recorded in mL/minute. Each tube was uncapped
until the next flow measurement was recorded. The experiments were
run in triplicate and the average flow measurements are summarized in
Table 2 below. A flow of 0.5 mliminute or greater is considered an
adequate flow for attracting bed bugs.  WO
2012/074603PCT/US2011/054848 Table 2 Carbon Dioxide Generation Test
Mixture Flow measurement (mL/min) at 50% Humidity  0 Hr 1 Hr 2 Hr 3
Hr 4 Hr 5 Hr 7 Hr CA EL, 14 Hr 16 Hr 21 Hr 24 fir 



26 Hr 30 Hr (I) 0.5 0.4 0.5 0.9 1.0 0.3 0.3 0.5 2.6 1.3 0.9 0.2 0.1
0.1 0 (2)  1.0 0.8 1.1 2.0 1.6 0.7 0.7 0.8 4.4 1.4 1.2 1.3 0.2 0.1 0
(3)  



1.2 1.1 0.9 1.8 1.6 1.0 0.8 0.9 1.3 0.9 0.9 1.0 0.7 0.2 0.1 (4)  1.8
1.3 1.2 13 1.2 1.4 1.3 1.2 0.7 0.8 0.5 0.4 0.7 0.4 0.3 (5)  2.0 1.4
1.5 1.4 0.9 



0.8 0.7 1.5 1.5 0.9 0.7 0.4 0.3 0.1 0.2 (6)  2.1 1.3 1.4 1.5 1.2 0.85
0.6 0.6 0.3 0.9 1.9 0.7 0.1 0 0 (7)  1.4 2.9 1.8 1.6 1.1 0.8 1.1 3.5
1.3 0.8 



0.6 0.9 0.9 0.5 03  [0034] As can be seen from Table 2, an adequate
flow of carbon dioxide is generated for periods of up to 16 hours
using a mixture of sodium bicarbonate, citric acid monohydrate and
magnesium chloride hexahydrate without the addition of water having
molar ratio of the effervescent agent to solid acid to deliquescent
agent of from 159:52:1 to 10:3:1. The preferred molar ratio of the
effervescent agent to solid acid to deliquescent agent of from
40:13:1 to 20:6.5:1 can provide an adequate flow of carbon dioxide
for up to 24 hours. By changing the molar ratios of the agents the
reaction kinetics are altered to generate carbon dioxide faster or
slower. Example 3 [0035] Into a room controlled at 50 % humidity and
about 70 F, was placed a plastic children's pool (POLY POOL by
General Foam Plastics Corporation, Norfolk Virginia) which was lined
with brown lcraft paper to provide a suitable walking surface for bed
bugs, using masking tape to hold the paper in place. Twenty five bed
bugs were placed into a paper cup that contained a four inch by four
inch piece of flannel cloth as a harborage. The cup was capped, pin
holes in the cap provided air for the bed bugs, and held for two
hours, then was placed in the pool and allowed to acclimate. After
about three hours the flannel harborage was transferred from the
paper cup into the pool, about ten inches from the side.   [0036] A
bed bug monitor and/or capture device was prepared by cutting two 4
inch by 4 inch pieces of chipboard and one 4 inch by 4 inch piece of
fluted cardboard. The fluted cardboard was sandwiched between the
chipboards and the unit was stapled on two sides to hold the unit
together, creating a base segment (first piece of chipboard) an
interior segment (fluted cardboard) and a top segment (second piece
of chipboard). Two 50 mL plastic centrifuge tubes (Coming(r) 50mL
polypropylene centrifuge tubes) were taped to the top segment
chipboard, with the fluting running vertical. [0037] Ampoules were
constructed employing a cylindrical outer shell made of polyethylene,
and having a height of 14.5 nun and a diameter of 11 mm. One of these
outer shells was filled with a solution containing 2.535 milligrams
of Octenal in 300 microliters of nonane. A cylindrical porous
diffusion member, made of ultra high molecular weight polyethylene,
was disposed inside the outer shell in a contraposition such that the
volatile liquid was contained in the interior reservoir formed by
such diffusion member. The opening of the outer shell was then
thurmally sealed with an aluminum film member, leaving a head space
of about 2- 2.5 mm between the bottom portion of the diffusion member
and the top of the diffusion member. A hole having a diameter of
about 0.23 mm was made in the aluminum film by puncturing it with a
needle. A second ampoule containing 71.85 micrograms of butyric acid
in 300 microliters of nonane was prepared in a similar manner as
described above. The ampoules containing attractants Ocetenal and
butyric acid were taped to the top of the device in a horizontal
manner. [0038] A mixture of 13.5 grams of citric acid monohydrate,
16.5 grams of sodium bicarbonate and 2.0 grams of magnesium chloride
hexahydrate was placed into a separate container, the container was
capped and the contents shaken until a homogenous mixture was
obtained. This chemical mixture was divided equally between the two
50 mL plastic centrifuge tubes. [0039] The bed bug monitor and/or
capture device was attached to the back side of an "L" shaped wooden
stand using plastic push pins. The wooden stand was made by
vertically attaching a 10 inch by 10 inch piece of pine lumber to a



12 Yes Yes 38  What is claimed is: 1.A chemical composition for
generating carbon dioxide for use with an insect monitor and/or
capture device comprising:     i) an effervescent agent, ii) a solid
acid; iii) a deliquescent agent which is magnesium chloride
hexahydrate, and optionally     iv) an anti-clumping agent wherein
the molar ratio of the effervescent agent to solid acid to
deliquescent agent is from 159:52:1 to 10:3:1. 2.The composition of
claim 1, wherein the effervescent agent comprises sodium bicarbonate.
3.The composition of claim 1, wherein the solid acid comprises citric
acid monohydrate. 4.The composition of claim 1, wherein the
anti-clumping agent comprises a material selected from the group
consisting of fumed silica, amorphous silica, kaolin clay and
mixtures thereof 5.The composition of claim 1, wherein the molar
ratio of the effervescent agent to solid acid to deliquescent agent
of from 40:13:1 to 20:6.5:1. 6.A chemical composition for generating
carbon dioxide for use with an insect monitor and/or capture device
comprising:     i) sodium bicarbonate, ii) citric acid monohydrate;
iii) magnesium chloride hexahydrate, and optionally     iv) an
anti-clumping agent wherein the molar ratio of the sodium bicarbonate
to citric acid monohydrate to magnesium chloride hexahydrate is from
159:52:1 to 10:3:1. 7.The composition of claim 6, wherein the molar
ratio of sodium bicarbonate to citric acid monohydrate to magnesium
chloride hexahydrate is from 40:13:1 to 20:6.5:1. 8.The composition
of claim 1 wherein the solid acid is malic acid. 


