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are needed. It is necessary to remove all clutter and unnecessary objects from a
room, remove bed bugs and eggs as much as possible through vacouming, and apply
pesticides to likely hiding areas. This type of treatment for eradication can be
disruptive to a business such as a hotel. As a result, it is desirable to detect bed bug

infestations as early as possible in order to begin eradication procedures.

[0011] The tiny, mobile and secretive behavior of bed bugs makes it nearly
impossible to prevent and control an infestation unless they are quickly discovered
and treated. Bed bugs have been found to move through holes in walls, ceilings and
floors into adjacent rooms. Devices and methods for the early detection of bed bugs

arc especially needed in the hospitality industries.

[0012] While several attempts have been made to devise bed bug monitoring and/or
capture devices in the past, these devices have, in general, not proven to be
commercially effective. The present inventors have studied many aspects of bed bug
behavior, and believe that one factor in the failure of such devices to desirably
perform is the lack of an effective lure to attract bed bugs to the trapping

mechanism.

[0013] Research has shown that carbon dioxide alone is an effective attractant to
lure bed bugs to monitors and traps. Carbon dioxide can also be used with
additional chemical attractants, to further enhance the effectiveness of the lures,
There are a few carbon dioxide producing monitors commercially available which
use pressurized carbon dioxide canisters, dry ice or yeast fermentation to generate
carbon dioxide. The technology involved in delivering compressed carbon dioxide
safely into a monitor is expensive, While dry ice is relatively inexpensive, it can be
dangerous to handle, not convenient to purchase and only lasts for a few hours.
Although generation of carbon dioxide by yeast fermentation is economical and
safe, the preparation procedure requires mixing carefully measured amounts of
yeast, media and water at a temperature of 20°C to 30°C in a separate carbon

dioxide generation container which, if spilled, would be unpleasant to clean up.
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[0014] It is well known in the art that certain acid base chemical reactions can
generate carbon dioxide. For example, the reaction of citric acid with sodium
bicarbonate in an aqueous medium produces carbon dioxide, however this reaction
is relatively quick and the carbon dioxide is generated within minutes. Commercial
products such as Alka-Seltzer® and Bromo-Seltzer® are examples of the fast
reaction of citric acid and sodium bicarbonate when placed into water. In order to
be useful in attracting insects to a monitor or capture device, carbon dioxide should

be generated slowly for prolonged periods of time.

[0015] The present invention overcomes the above-identified problems by providing
a long lasting carbon dioxide generating chemical composition using
environmentally safe, nontoxic ingredients, without the addition of water, to
economically produce a sufficient amount of carbon dioxide for a prolonged period
of time in order to aid in attracting bed bugs to bed bug monitors and/or capture

devices,
SUMMARY OF THE INVENTION

[0016] The present invention relates to a chemical composition and method of
carbon dioxide generation for use with an insect monitor and/or capture device
comprising:

1) an effervescent agent,

i) a solid acid;

iii) a deliquescent agent, and optionally

iv) an anti-clumping agent.

DETAILED DESCRIPTION OF THE INVENTION

[0017] The present invention relates to a chemical composition and method of
carbon dioxide generation for use with an insect monitor and/or capture device
comprising;

i) an effervescent agent,

ii) a solid acid;
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iii) a deliquescent agent, and optionally

iv) an anti-clumping agent.

[0018] Another 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 &
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-8il® Fumed Silica available from Cabot Corporation,
amorphous silica, for example Siloid® 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.
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[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(Il) chloride tetrahydrate, iron(Il) 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 ratio of the

effervescent agent to solid acid to deliquescent agent is from 40:13:1 to 20:6.5:1.

[0024] The present invention therefore provides an environmentally safe, nontoxic
carbon dioxide generating chemical composition, and a method of using the
composition, to economically produce sufficient amounts of carbon dioxide for a
prolonged period of time in order to aid in attracting insects, such as bed bugs, to
insect monitors and/or capture devices. The water necessary for the chemical
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composition to generate carbon dioxide is derived from the humidity in the
surrounding atmosphere, eliminating the need to measure and add water to initiate
and sustain the acid base reaction. An additional benefit of the present invention is

that the by-products are 100% biodegradable and can be disposed of easily.

[0025] The present composition can be used alone to attract insects such a bed bugs
to a monitor and/or capture device or in combination with other insect attractants,
Attractants which may be employed include heat, pheromones, human sweat
components and the like, all of which are known to those of skill in the art. Mixtures

of one or more attractants may also be employed.

[0026] One attractant which is particularly preferred is a composition comprising an
unsaturated aldehyde component and an organic acid component. It is preferred that
the unsaturated aldehyde component be comprised of one or more aldehyde selected
from the group consisting of trans-2-hexen-1-al (Hexenal) and trans-2-octen-1-al
(Octenal). It is preferred that the organic acid component be butyric acid. When the
aldehyde component is comprised of both Hexenal and Octenal, it is preferred that
the aldehydes be present in a ratio of from about 1:5 and about 5:1 of Hexenal to
Qctenal, more preferably in a ratio of between about 3:1 and about 1:3. In order fo
be most attractive to bed bugs, the optimal concentration of the Hexenal and Octenal
mixture to be released is from about 300 ng/hr to about 500ng/hour, and the optimal
concentration of butyric acid to be released is between about 100 ng/hr and about
300 ng/hr. Mixing butyric acid with Hexenal and Octenal forms an unstable
composition and it is necessary to separate the aldehyde component from the acid
component, In order for the separate components of the attractant composition to be
released at the proper rates, each component may be incorporated into a formulation
which can be in gel form, a solid form, dissolved in a polar solvent such as water,
dissolved in an organic solvent, for example a Cs-C; alkane, and preferably a Co-
Cio alkane, encapsulated, or impregnated into other materials. In one aspect of the
invention suitable attractants comprise Octenal dissolved in decane at a
concentration range of about 2000 to 3000 ppm Octenal, preferably from about 2500
to 2800 ppm Octenal, and more preferably from about 2700 to 2750 ppm Octenal.
A second suitable atiractant that can be used in conjunction with the Octenal is

7
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butyric acid dissolved in decane at a concentration range of about 200 to 2000 ppm

butyric acid, and preferably from about 240 to 400 ppm butyric acid.

[0027] Each component may be incorporated into an absorbent material, for
example, but not limited to, cotton batting, fibetized cellulose wood pulp, synthetic
batting, polyester batting, felt, bonded carded webs, very high density polyethylene
sponge and high loft spunbond materials. In order to regulate diffusion, a semi-
permeable membrane can be used to encase the absorbent materials. The attractant
components can be dispensed from containers with either a semi-permeable top or a
sealed top containing one or more holes to allow diffusion into the surrounding
atmosphere. For example, the top can be pierced or punctured at the point of use to
allow diffusion into the surrounding atmosphere. Suitable tops include, for example,
metal foils {e.g., aluminum foil). The metal foil top can be sealed to an open top of

a suitable attractant container, such as a polymer vial (e.g., PETG vial).

[0028] An alternative preferred embodiment involves the attractant Octenal or

Hexenal; with or without the use of butyric acid as a co-attractant.

[0029] The following examples further illustrate the present invention and include
protocols for the evaluation of the method of the present invention but, of course,

should not be construed as in any way limiting its scope.

EXAMPLES
Example 1

[0030] A test mixture of 16.5 grams (0.196 mole) of sodium bicarbonate, 13.5
grams (0.064 mole) of citric acid monohydrate, and 2.0 gram (0.0098 mole) of
magnesium chloride hexahydrate was placed into a 50 mL plastic centrifuge tube
(Corning® 50mL polypropylene centrifuge tubes), the centrifuge tube was capped
and the contents shaken until a homogenous mixture was obtained (32 gram test
mixture, a molar ratio of the effervescent agent to solid acid to deliquescent agent is
20:6.5:1). An 8.375 gram test mixture was prepared using 4.125 grams {0.0491
mole) of sodium bicarbonate, 3.75 grams (0.0178 mole) of citric acid monohydrate

8
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20:6.5:1 hurnld1ty of 11%, 50%, 75% or 100%. 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. A control
test mixture containing 3.75 grams (0.0178 mole) of citric acid monohydrate, 4.125
grams (0.0491 mole) of sodium bicarbonate and no magnesium chloride hexahydrate
was also tested. The experiments were run in triplicate and the average flow
measurements are summarized in Table 1 below. A flow of 0.5 mL/minute or

greater is considered an adequate flow for attracting bed bugs.

Table 1
Carbon Dioxide Generation
Test Flow measurement {mL/min) at 11% Humidity
Mixtore | [ THr | 2Hr | 3Hr | 4Hr | 7Hr | 11Hr | 15H: | 24

Hr
Control | 0.2 02 | 0.2 0.1 0.1 0.2 0.2 0.2 0.2

8375 | 09 [ 06 | 04 | 05| 05| 04| 06 | 03 | 0.3

gram.
160 | 090 [ 08 |09 | 07| 10 | 06 | 1.8 1.0 | 03
gram
32.0 16 | 13 13|14 |20/ 17| 35 1.9 | 0.3
gram
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the contents shaken until a honbgenous m xture was obtal ne Each
centrifuge tube was placed into a tube rack inside a clear pI astic
gl ove box. The gl ove box was Figw messuretbnbfmlamiglad50% Euhtiditydi ty of
50% Each cent |Tﬁ$tu e tubhe wa [HTaVal pnnrl and-the flowo carbon—di n{}fl e
was neasured Rﬁxt{neeplggirn “cLIFl( 2(,%Fp d%lép V%HEI’ Héd a
hole into wh{ch a gl astijc pipette ly ingerted. ggng¢ Bnd
of aplastic_t_lm_e__ms afffi xed to g.ipipette tipg andithe
ot her end of | Caetrelub®.4nds 03f 1 | kdd orGybr ot 1.6n |EP&ct rbhilc

oY aVWal

fl ow cali brat Ug:”gv det—a1t606 T —After—4a Uut one niruter—the fowo
carbon di oxi r 8cor[d8d | 0¥y M- hup &7 BadP t|ukS V\Aaso-ancaBﬁed 0.3

until the neg *grmov'rrea"ure..rﬁ{ wWas—e e—TFhe—experrertS—wm
capd

run in tripl gnd.lt Heldverhb@e| f1.ow nbas urledreint®O af 2.4 urmli 4
Tabl e 2 bel opw-ZA liow ofl O 5!l i nfnutel-or—greatar—i-s—fonsideredtan
adequate fl o Byp gt tireaqt ili6g | bed pudgs.| 24D | 2.2 1.7 34 | 14 | 03
2012/ 074603PLCTE¥M2(011/ 0548481 Tahl 2 rhon Di.oxlide CGeneratli on Test
M xture Fl ow measurlement ( mLFiavaneasures®ot (lsmin) ey 75% Bumiditytr 2 H 3

hA__r—1 4—A 1 4 1 04 14 £

H 4 H 5 Hr 7_F=ﬁ* A BT T B0 B 2t A 1235 75 T 1dme | 23
Mixture Hr

Control | 0.5 [ 0.5 | 06 | 0.5 1.7 | 2.2 1.2 0.2 0.2

dald ‘r N
T

8375 | 09 | 09} 11| 09|09 | 10! 09 | 08 | 03

gram

160 | 11 (1113150 13! ND| 14 | 14 | 05
gram

320 | 14 |17 18] 28 | 40 | ND | 27 | 22 | 10
gram

Test Flow measurement (mL/min) at 100% Humidity

Mixture | 0Hr | 1Hr | 2Hr | 3Hr | 4Hr | 8Hr | 12Hr | 24Hr
Control § 0.3 1.0 1.6 2.0 2.2 0.3 0.2 0.1

8375 | o8 [ 12 |12 {121 12 ] 11| 15 | 02

gram
160 { 10 |17 18| 18 | 20| 14 | 1.8 0.2
gram
320 {16 | 24| 25| 29 | 25 | 34 | 34 | 05
gram

[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.



26 H 30 Hr (1) 0.5 0.4 0.50.91.00.30.30.52.61.30.90.20.1
0.10(2) 1.00.81.12.01.60.70.70.84.41.41.21.30.20.120

(3) WO 2012/074603 PCT/US2011/054848

Example 2

{00327 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® 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 mIL/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 mL/minute or greater is considered an

adequate flow for attracting bed bugs.
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.21.10.91.81.61.00.80.91.30.90.91.00.70.20.12(4) 1.8
.31.2131.21.41.31.20.70.80.50.40.70.40.3(5 2.01.4
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Table 2

Carbon Dioxide Generation

Flow measurement {mL/min) at 50% Humidity
0 i 2 3 4 5 7 9 1 14 16 | 21 | 24 | 26 | 30
He | Hr | He | Hr | Hr | Hr | He | Ht | Hr | Hr | Hr | Hr | Hr { Hr | Hr
(D 0504105109110 03 1031052613 (09]02]01] 0.1 0
(2) lojo8 1120160707108 44|14 |12]13](02]01 0
3 1211309 181162010809 13 ;0909 |10(|07]02]01
Ty 1313t 12| 3zl 413 12]07o8|os5[04[07]04]03
(5) 20|14 (1514|0908 07| 15}15]|]09]|07]|04)03}0.1]02
(6) 2113141512 ]|08 | 06|06 |03 ]|09]19]|07¢01 0 0
) 42901 8fis |t o |raf3as]i3jos|oe|[o9[09]05]03

Test
Mixture

[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 kraft 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.

12
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[0036] A bed bug monitor and/or capture device was prepared by cufting 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 (Corning® 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 mm 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
thermally 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 base piece of
13
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12 Yes Yes 38 Wiat is clained is: 1. A chem cal conposition for
generating carbon di oxide for use with an insect nonitor and/or

capture device conpri sing: i) an effervescent agent, ii) a solid
acid; iii) a deliquescent agent which is nmagnesi um chloride
hexahy W hetes clambdapt i onal | y iv) an anti-clunping agent wherein

the nolar ratio of the effervescent agent to solid acid to

de! 1 auascent s 3kl SuloaFol 3% ABedub® b Bt PSS HIPAS LA tor
claim T I Ses ium

3. The @Bﬁ%b%ﬂ%@%ﬁeﬁF36W5p%$ﬁ$ mhereln the SO|Id aC|d conprises citric
aci d rmnohyd)ra:teifeﬂhsifeh&ag@npom tion of claim1l1, wherein the

anti-cl unpi ﬂ?agglwac,@orrprl ses a material sel ected fromthe group
consisting o hous si | cl.ay

it ur es. ¢ haegtesten R BT BSiheShan ity Rk Bl o ABrigpanty
rati o of th@’@ﬂﬁ@ﬂ#@gﬁﬂﬁgaﬁﬁﬁnt to solid aC|d to deliquescent agent
of from 40: Wdefein theZfblér ratid of theAffehestanabgano padidtaciinofdeliqups ot agennip
car bon fdipxer - 95 14459 Wi th an insect nonitor and/or capture device

conpri si ng: i) sodi um bi carbonate, ii) citric acid nonohydr at e;
i) magne5| um chl ori de hexahﬁdr ate, and optionally iv) an
ant i - cPunpi A§e sgmnesitigrepieglaim hevhaseia the effarveseent paeit semprisgsPeWMhonat e

to cit bicartadh@. nonohydrate to nmagnesi um chl ori de hexahydrate is from
159:52:1 to 10:3:1. 7.The conposition of claim®6, wherein the nolar
rati o qQf sodium bi carbonate t |tr| nohydrate, to
Chl ori de. hosihyPBSSUTEOraam hotitsti Thoby Rmomb peaistc b LaT R e
of claim1l wherein the solid acid |s mal i ¢ aci d.

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:

1) 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.



