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NOTE: Chane-es in labeling Cormulil differing in substance (rom that accepted in connection with this registration must ~ 
submitted to and accepted by the Registration Division ptior to use of the label in commerce. In any cOr!'cspondence on this 
p-oduct always reler to the above U.S. EPA registration number. 

In the basis of information (urnis~d by the registrant, the above named pesticide is hereby Registered/Reregist.cred under 
the Federal Insecticide, Fungicide, and Rodenticide Act. 

A copy of the labeling accepted in connection with this Registration/Reregistration is returned herewith. 

Registration is in no way to be construed as an indorsement or approval of this produc:t by this Agency. In order to protect 
health and the environment, the Administrator, on his motion, may at any time suspend or cancel the registration of a pest
icide in accordance with the Act. The acceptance of any name in connection with the registration of a product under this 
Act is not to be construed as giving the registrant a right to exclusive use of the name or to its use if it has been covered 
by others. 

Based on your response to the Reregistration Eligibility 
Document, EPA has reregistered the product listed above 
Enclosed is a copy of your label stamped "Accepted". This action 
is taken under the authority of section 4(g) (2) (C) of the Federal 
Insecticide, Fungicide, and Rodenticide Act, as amended. 
Reregistration under this section does not eliminate the ueed for 
continual reassessment of pesticides. EPA may require submission 
of data at any time to maintain the registration of your product. 

Make the revisions specified b~low you print the final 
labeling for this product. 

1. On the Front Panel, rewrite the WARNING statement to 
read: 

WARNING: May be fatal if inhaled. Do not br~ath vapor. 
For handling activities in enclosed areas during 
and after fumigation, use eithe.· a supplied-air 
respirator with MSHA/NIOSH approv:;tl number TC-
19C or a self-contained breathing apparatus 
(SCBA) with MSHA/NIOSH approval number TC-13F. 

D'?iUV f. 1 1~.Jl 
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2. Under AERATION you need to identify one or more direct
reading detection devices suitable for use with the . 
product and provide or reference instructions on its use. 

3. Change che heading on the next to last paragraph of the 
Front Panel to read: 

RE-ENTRY (5.000-30.000 ppm CO-2): 

4. Change the heading on the next to last paragraph of the 
Front Panel to read: 

RE-ENTRY (over 30.000 ppm CO-2): 

Submit one copy of your final 
release the product for shipment. 
for a further description of final 

printed labeling before you 
Refer to the A-79 Enclosure 
printed labeling. 

Registrants may sell or distribute products bearing old 
labeling for one year after the date of this Notice. Non
registrants may sell or distribute products bearing old labeling 
for three years after the date of this Notice. 

If these conditions are not complied with, the registration 
will be subject to cancellation in accordance with FIFRA section 
6(e). Your release for shipment of the product bearing the 
amended labeling constitutes acceptance of these conditions. 

A stamped copy of the labeling is enclosed for your records. 

Robert A. Forrest 
Produce Manager (14) 
Insecticide-Rodenticide Branch 
Registration Division (H7504C) 

Enclosure~: 1. Stamped label 
2. A-79 Enclosure 

Peacock WP#5:A:38719-5.C02:305-5407,-6600:11/21/94 
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CARBON DIOXIDE 

AC11VE INGRF.DIF.NT: CAROON DlOXIDF.9?'>5°;', 
~ .. ~,T ,,·co .• U, .. ~'-j:;: (n" d,O) O.~ 

lOO.OO~~ 

KEEP our OF REACH OF CHILDRF.N 

WARNING 
EXPOSURE MA.Y CAUSE SUFFOCATION & QEAUJ 

\TEN1lLATE USE ARF.AS BEFORF. El''TERING 

STA1EMF.NT OF PRAcnCAL 1RF.ATMENf 
If inhaled: Remove to fresh air inunediately; keep victim lying do\WI 
and w.mn. If breathing is difficult, give oxygen. Call physician 
inunediateiy. 

WARNING: May be fatal if in.'JaIed. Do not breath vapor. For 
handling activities in enclosed areas during and after fumigation, use 
either a self-containing breathing apparatus (SCBA) with 
MSHNNIOSH approval nwnber TC-13F by itself, or in combination 
with, an supplied-air respirator with MSHNNIOSH approval number 
TC-I9C. 

AFRA~ 
After fiunigation, aerate treated areas until the level of CO2 as 
measured by scx::: reconunended direct-reading detection devices 
suitable for use with the CO 2, is below 5,QQQ wm, 

RE:ENJRY (below 5,000 IlPIT1 CO:zl 
If CO 2 levels as below 5,000, persons may re-tllter the treated area 
without respiratory protection. 

RE:FNJRY (1 O.!~ 15 000 JlPID CO:zl 
If CO2 levels are Ix;~ 5,000 and 30,000, persons may re-enter the 
treated area without respiratory protection for 15 minutes or less. For 
periods longer than 15 minutes, persons must wear the respiratOr) 
protection device specified above under WARNING. 

RE-ENJRY 'I:J'CIter than 15.000 IlPIT1 CO:zl 
If CO 2 levels are over 30.000 ppm. persons must always wear the 
r~pirntory protection device specifil..! ahcwe under Wt\R~:ll'(i. 

, 
'~(~n ___ .r! j 
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DIRECTI(XIlS FOR USE 
It is a violation of Federal law to use this product in a m:umcr 
i"co;.·· ':: I .:~: its bt.:: '. 

QNIRAL liSE RFSIRICI1Q'I/S 
lbis product is used to fumigate silos, !rucks, trailers, sealed railroad 
=, and ships. The following raw agricultwal commodities may be 
treated: v.beat, oats, rice, barley, com and processed foods. Dosage 
rates vary from 60"10 to 88%. Treatment times vary from 24 hours to 
4 days. See U.S. Department of Agriculture manual AAT-S-13 titled 
"Methods of Applying Carbon Dioxide for Insect Cootrol in Stored 
Grains" for details on treatment specifics. Call SOC Gases, Food 
Jl..farketing Depar1ment, at (908) 771-1117 for additional help. 

Do not fumigate if grnin temperarure is low (less than 4<fF). Area 
should be as gas tight as possible before treatment. Maintain as near 
to 60"/0 CO 2 as possible. 

1RAINING 
All persons \\Uking with this product should be knowledgeable of the 
hazards of this chemical, and trained in the use of required respirator 
equipment and detector devices, emergency procedures and use of the 
product. When used for fumigation of enclosed spaces, [boxcars, 
si!os, ship containers, and other transport vehicles], two persons 
familiar with the usc of this product must be present during 
introduction of the fumigant, initiation of aeration, and after ~cration 
\men testing for reentry. T~ persons do not need to be present if 
monitoring is condU'~ted remotely (outside of area being fumigated). 

PlACARDING SfATFMtNf 
The applicator must placard or post all entra"lCCS :0 the fumigated 
area with sign~ conforming to the following requirements: 
a) The sign sfWl be at least 14 inches by 16 inches in size and the 
letters shall be at least I inch in height unless a smaller size sign is 
necessary becallse the treated area is too small to accommodate a sign 
of this size. Letters shall be clearly legible. 
b) The signal ~ "DANGERIPEllGRO· and the skull and 
crossbones symbol must be on the placard 
c) The statement, "Area under fumigation, 00 NOT ENIERlNO 
ENTRE." 
d) The date of fumigation. 
e) The name of the fumigant (carbon dioxide). 
f) Name. address and telephone n\D1lber of the applicator ~r oe<;ticide 
handl·cr. 

'Thesc signs mllst be posted al eye level and mu<;t ~ visi'J'~ ~r:Jm all 
visihlc points of enlry 10 the treated area. TIleY 0111,1 remain JX>Sled 
durin!! aPl'I icatioll and IhrollghOUllhc r""1ricted-entry inlcr\alllllt i Ilhe 
wncentration of carbon dioxide is below 5.000 rpm. bu:h sqxlfatc 
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pla.:aru.:J \\llh this sign. 

The applicator or person responsible for monitoring levels of carbon 
dioxide may remove the placard 00en the concentration of carbon 
dioxide is at or below 5,000 ppm. 

St~VesseI 
Purge storage vessel (bin, silo, or sealed railcar) to a minimwn 
concentration of 60"/0 CO 2' We recommend two day treatment for 
adult kill, four days for all life stages. Follow guidelines set forth in 
USDA AA T-S-13 manual. For specific flow.;, contact qualified BOC 
Gases or fumigation engineer. 
Trucks & Trailers 
Treat as above. Do not move Truck or Trailer during treatment. 
They must be aerated before movement is allowed. 
Shipboard. Intransit Ship or Sbipbold Fumieation 
IMPORTANT 
Shipboard, intransit ship or Shiphold fumigation is also governed by 
U.S. Coast Guard Regulations. Refer to and comply with these 
regulations prior to fumigation. 

Prefiunil:l'tion Jlrmx!wes 
I. Prior to fumigating a vessel for intransit cargo fiunigation, the 
master of the vessel or hislher I qx esentative and the fumiglltor must 
determine whether the vessel is suitably designed and configured so 
as to allow for safe occupancy by the ship's crew throughout the 
duration of the fumigation. If it is determined that the design and 
configuration of the vessel does not allow for safe occupancy by the 
ship's crew throughout the duration of the fumiglltion, then the vessel 
will not be fumigated unless all crew members are removed from the 
vessel. The crew members will not be allowed to reoccupy the vessel 
until the vessel has been properly aerated and a determination has 
been made by the master of the vessel and the fumiglllor that the 
vessel is safe for occupancy. 

2. The person responsible for the fumigation must notify the master 
of the vessel, or his lepiesentative, of the requirements relating to 
persona1 protection equipment, detection equiJX11Cllt and that a person 
qualified in the use of this equipment must accompany the vessel with 
cargo under fiunigation. Fnltige .... j procedures, cargo ventilation, 
periodic monitoring and impections, and rim aid measures m!lSl be 
discussed with and lDJdemood by the master of the ve;;sel or his 
representative. 

3. lJuring the fumi~ati(ln or unlll a manned v~"Ssel lea"" r"'" "r Ih~ 
cargo is aerated, the person in charge of the fwnigation ~~3'1 hsure 
that a qualified pcrso .. using gIIS or vapor detection equipment tests 
spaces adjacent to spaccs containing fwnig,1tcd C.1fgo and all regularly 



occupied spaces for tlulligalioll lcakagl!. If lcakagl! of Ih" : umiganl 
is detected, the perron in charge of the fumigation shall 
take action to oorrect the leakage, or shall inform the master of the 
vessel, or his representative, of the leakage so that corrective action 
can be taken. 

4. If the fumigation is not completed and the vessel aerated before 
the maruted vessel leaves port, the person in charge of the vessel shall 
insure that at least two lDIits of pcrsonaI !'flltection equipment and one 
gas or vapor detection device, and a person qualified in the operation 
be on board the vessel dtuing the voyage. 

Jlrn;autjons and l'rrm1ures Dmine VQya&e 
Using IIJlIli opriate gas detection equipment, monitor spaces adjacent 
to areas containing fumigated cargo and all regularly occupied areas 
for fumigant leakage. If leakage is detected, the area should be 
evacuated of all personnel, ventilated, and action taken to correct the 
leakage, before allowing the area to be occupied Do not enter 
fiunigated areas except WIder emergency conditions. If necessary to 
enter a fiunigated area, appropriate personnel protection equipment 
must be used Never enter fumigated areas alone. At least one other 
person, wearing personal protection equipment, should be available to 
assist in case of an emergency. 

Pl'l'9mtioos and l'rrm1ures Purine Djsc~ 
If necessary to enter hold prior to discharge, test spaces directly above 
grain surface for fumigant COIICdlbation, using appiOpi iare gas 
detection and persona1 protection equipment. Do not allow entry to 
fumigated areas without personal safety equipment lDlIess fumigant 
concentrations arc at safe levels, as indicated by a suitable detector. 

"Personal protection equipment means an air suppl ied gas mask or 
respirator or a self-contained breathing apparatus (SCBA) for the 
fiunigant, jointly approved by the Mining Enforcement and Safety 
Administration and the NationallnstiMe of Ckcupational Safety and 
Health." 

SlURAGE AND DN'mAL 

Do not contaminate water, food, or feed by storage or disposal. 

Stmee 
Store in dry, cool, well-ventilated area WIder lock and key. Post as 
a pesticide storage area. 

Store cylinders upright, secured to a rack or \WII to prevent tipping. 
Cylinders should not be subjected to rough handling or me-:hrnical 
shock such as dropping. bumping. dragging or sliding. Do not use 
rope slings, hooks, tongs or similar devices to unload ,-yliloders. 
Transport cylinders using hand truck or fork truck tl' ,0·1>ioh the 
cylinder c.m he firmly secured. 



Do not remove valve protcction bonnet and safety cap ",,( Ii 
immediately before use. Replace safety cap and valve protection 
bonnet when cylinder is not in use. 

Spill and 'rnk f>rnrgIyre Statement 
Evacuate inuncdiate area of leak. Use respiratory device (see 
Precautionary Slatement) for ent/)' into affected area to correct 
problem. Move leaking or damaged cylinders outdoor.; or to an 
isolated location, observing strict safety precautions. When 
completely empty, rctwn to manufacturer or, if instructed. 
recycle/dispose of leaking or damaged cylinders or containers in 
accordance with Slate and local waste disposal regulations. 

Do not permit ent/)' into spill area by IDIprotected persons IDItil 
concentration of carbon dioxide is determined to be less than 
5,000 ppm. 

Pesticide Disposal 
Vent lDIusable carbon dioxide to open air. 

Cootainer Disposal: When cylinder is CIJ1::ot'i, close valve, screw safety 
cap onto valve outlet and replace prr~ection bonnet before returning 
to shipper. Ouly the registrant is a.nhorized to refill cylinders. Do 
not use cylinders for any other purpose. Follow registrant's 
instruction for return of empty or partially empty cylinders. 

BOCGASFS 
575 MOUNrAIN AVE. 

MORRAY mIl.., NJ 07974 

EPA REGIS1RAllON NO. 38719-5 
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Methods of Applying Carbon Dioxide 
for Insect Control in Stored Grain 

ABSTRACT 

Three methods of applying carbon dioltide to sraiD 8tored in .no. an 
described. One method involves purging a full ailo from the top. anotMr ill· 
volves purging a full .ilo from the bottom. and the third involve. introdudDa 
carbon dioltide in the grain .tream as a ailo is being filled. Comparative purp 
times. carbon dioltide requirements. and costs are giVeD. Modific:atiOD of 
atorage-facility atmospheres is a promising method to achieve residue-frw 
insect control. and the merita of using carbon dioltide and nitrogen for thia 
purpose are compared. lndelt terms: carbon dioltide. iDHct. control. modified 
atmospheres. nitrogen. atored.product inaec:ta. 

INTRODUCTION 

Since the publication by Jay (1971) on uaing 
carbon dioxide ICO, I to control atored·grain 
insects. considerable interest has developed 
worldwide on the use of this techniqup and on the 
use of nitrogen IN.) and on combinations of at· 
mospheric gases to achieve control. This intereat 
has been generated because of the increasing 
worldwide problem of insect resistance to con· 
ventional insecticides and fumigants and abo 
because of the residues associated with the use of 
these materials. Jay and Pearman (1973) showed 
that a 4-day CO, treatment of shelled com having 
a natural infestlltion of stored.grain iMects gave 
illmost 100% control. Shejbal et al. (1973) showed 
that similar control could be obtained by uaing 
N,. but the time needed to obtain control wa. 10 
days. Banks and Annis (19771 conducted triale 
with N, in commercial. uprie:ht. welded·steel ailos. 

I 1Ie •• reb oDtomolopl. Stond·Product JD'~ R.. .... .b 
ADd Development Laboratory. Scienco aDd Ed.calioa Ad· 
tniniatntiOD. US. Department 01 A";cuItww. P.O. Bolo 
22909. Savannah. Ga. S1403. 

Lethal atmospheres were attained and maintaiDld 
in these silos for periods up to 30 daya. 

Both CO, and N, have merit in a resjdue·fne 
insect·control program. Nitrogenhaa the ad· 
vantage of filling 78% of the interstitial .pacea 
initially. However. stmospheric oltygen (0,1 ID 
these interatitisl spaces must be reduced to IIu 
than 1 ~ to obtain effective insect control. a 
situation difficult to achieve and maintain ID 
storage facilities that are not gastight. Tberefore. 
CO, is considered by the author to be more ef· 
ficient than N. in situations wbere tight .. a!jnl is 
physically impossible or w bere it is not econom· 
ically feasible to seal the atorage .tructura to 
rigid gastight specifications. A CO, concentration 
of about 60% will pve over 95~ control of moet 
stored·grain insecta after a 4-day eJ:POIUft at 
temperatures of 27· C or higher (Jay 1j11'7) I, and 
the CO, concentration can fluctuate ~1~ and 
still provide effective control. The low oltygcn N, 
atmosphere. on the other It'l'lt:!. must be beld for 
10 or mor~ days at 27· C ')r al><'ve to be effective 
against life stages of stotE:!';;:-cin pests. Y,"oIn to. 
Shejbal et al. (19731 reported t~at contr'>! 0' insect 
eggs was not obtained in • 10-day e:.:po:ure to 
0.6% O. and 99.r,~ N •. Unpublished la:..oratory 

1 
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aturues by the luthor hove .hown that eKP 01 the 
red llmJ: beetle. Tribolium au&Cl/wum (Hemltl. do 
not hatch in ,.UDOIIpheres above 20% CO. wben 
the O. level 18 as high .. lbout 1"'. Similarly. 
AliNia_ and Lindgren (19701 reporUd that the 
percentage of egg hatch of T. aut_I"" and T. 
cofl/usllm J acqueliD du V aI 1'1" inhibited partially 
or completely delayed in CO. atmOllphe,.. while 
ill limilar N. atmospheres there 1'1" about the 
aame percentage of eeg hatr.h al tMre wal ill 
thoee eggs upoeed to air. The author Cun
published laboratory atudieal found that a con
cenuation of about 62% CO. and"' O. pve ovez' 
90% control of 0. to 25·hour-old egp 01 the cowpea 
weevil, Callo.obruchll' maculatu. CF.I. in 2 day.' 
e:lpOIIUft. while concentrations 01 99.2'11> N. 
Cbalance 0.1 took 3 daYI to produce the aame 
rellllta. On~week-old insecta of the .. me lpec:iea 
were conu01led (90% or more mortality I in 2 daya 
in the atmosphere containing 62% CO •• while QIII

cenuation. of 99.7'11> N. (balance 0.1 took more 
than 3 days to ,nve the same CODtnIl. 

In .lllIIioary. CO, generally idIIiiDMCta fUtir 
than N ,. It can be used in situatioDl where 
~ .. s may be I problem. and the co~centration 
of eo'll> co. can be allowed to fluctuate *10'11> Cor 
more. down to a low of 36 '11>1 leading to JOOCI 
control. (However. lower overeD eoncentratioDl 
will necessitate longer exposure timeI.1 In ad
dition. sorption of CO, by grain or oils •• de may 
make it more effective Ipinst lpeciea .".hoee 
immature stages feed inside the kernel. On the 
other hand. CO, ia 1'A times as heavy II air and 
willaink from the top to the bottom of the treated 
atorlge facility unless it is tightly aealed. This 
ainking necessitates either adding CO. into the 
headspace periodically or recirculating the CO,. 
cSee Jay et aI .• 1970. for a description of this 
m!!th:>d. The method should be modified 10 that 
the recirculation fill ia placed outside the atorap 
facility to eliminate esplosion hazarcl.1 

If the above advantages and disadvantagea of 
using CO, have been taken into consideration and 
there Itm remains a question of wbether to use 
CO. or N,. then economic: factors enter into 1M 
decision. The comparative cost of the two ueat· 
ments will depend on the availability of the ga .. 
ee. their unit cost (a unit is a ton. pound. cubic 
foot, cubic meter. etc. I. the number of unita 
required for effective insect control. the am ... unt of 
grain to be ueated per year (III the volume of gas 
used increasea. unit costa will be reducedl. 

I 

,n '¥' /)-( J. Jr' _. I 
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~.portation coota. /Uld rent.al or purchaae c,,~t4 
01 vaporization equipment and storage cont&inen 
Cif equipment ia purchased. can it be depreciated 
annually'll. 

The above advantages. disadvantlpe. aDd 
economic considerations obvioully involve a 
deciaionmaking proceel for which a Oow chart " 
presented ill fiBure 1. 

Thia 1JIper presenu three methodl of applyir.l 
CO. to .tored grain. The information pruentad 
by Jay (19711 on luggested conditiona for UliDe 
CO, Ihould be consulted in conjunction with tha 
material presented here. If a deciaion ia madl to 
uae N, Instead. Bankl aed Annia (19771 Ihould be 
.tudied. However. lOme techniques deec:ribed for 
CO, could be used for N I with .tight modi
fications. Another method of creating modifiad 
atmospheres. the burning of air to reduce ita OlE)'

gen content, ia not conaideracl. 

METHODS OF APPLYING Co, 

Since the publication by Jay (19711 heeen" 
available. the author bas conducted HVera! ad
ditional field tesU. One of these was described by 
Jay and Pearman (19731 and is Bummarized .... 
(method 11 for comparative purpoaee with other 
application methoda. The three methods described 
att&in and maintain a concenuation of about 60'11> 
CO,. The tests were conducted in 1.038·m" 
(36.644·ft'lupright concrete silos measuring 24.7 
m (81 ftl. eJ:c\uding depth of discharge chute. by 
7.3 m (24 ftl. The silo, each contained about 7ll 
metric tons (28.000 bul of shelled com (maizel 
having an ll% to 16% moisture content. /In lOme 

test, the com was moved into a silo aa the CO. 
WII being applied.1 The equipment used in all 
tests for applying the CO ,. including supply tank, 
vaporizers. and regulatorl for monitoring and 
controlling the concentration after th, desired 
concentration WII reached. was similar to that 
described by Jay and Pearman (19731. Deviatiolll 
will be described in the individ"aI Luta. 

METHOn 1: Puaca 
A FuLl. SILO FIOII TO Top 

This is essentiall~ t,lI .. ,meth.,d de~cn'bed by 
Jay and Pearman (19731 rr.d will n"t. be dealt with 
at length. It involves :r.tr::luction ':I' ~a:seoua CO. 
into the headsp8cl' 111.,,;( ~he surface of the grain. 

f • ,'LJ 'Ii 
._ 0..,1 \.J r , 
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.. ---.. ~.. -- .. -_ .. __ . 
Grain ator~q~ to 
be treated. 

I Use I No DO YOII have tille to 
CO, ...----i use H ,--10 or JDOre 

days above 27· C1 

Yes 

, 

Use .. _______ ~enough to use H.--~ 
Ho Is structure tight 

CO, hold 0, level below 1'1 

Yea 

,r 

~ 
Yes Are fpllout and 

Use ...... --------,maintena .. ce of CO. 
H. problems? 

~-----,--------~ 

Ho 

, 

ru;;l CO, Which treatment J II. ru;;J 
~44~--------~_i_!_!_!_tC_10 __ s_t_t_h_e_______ ~--------~~~~ 

METHOD 2: Lin' 
THE ATillOSPBIIU OuT 

Tht CO. is forcw duWD into the gnin by positive 
pressure on the he.adspace of the atorage facility. 
The CO. mixes1O(ith and displaces a portion of the 
existing atmosphere and creates a modified at
mosphere lethal to any insects present. Its ad· 
vantages are that it can be used where no other 
method is available. it requires only one ap· 
plication line, labor requirements are minimal, and 
costs may be lower than with the other methods. 
Its disadvantages &re that CO. is lost in mixing 
and "blowback," purging time is longer than in 
method 3. and vaporization requirements a.:e 
high. 

In thill test and in method 3, a Nt of air· 
lampling lines was placed into a ailo through MCh 
of the two access openings in the flat u.p prior to 
filling. These lines differed from those ~hich wen 
probed into the com in method 1. One "i the two 
openings was abc.ut 1.2 m (4 ttl in from th~ wall, 

" . ~ . 
Wllt're the corn was dischaJ ge~' wto the .Uo, aDd 
the other opening ."85 ab,,"t,.J..~ m (i hI: from 
the Cl'nter of the top. Each eet.c.C sampling lin. 
was made UP' of eix ('. O;-cm·i.d. ,~ ·inch) 
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polyethylene tubes taped together 80 tluat aix 
samples could be taken at intervals of about 3 or G 
m no or 20 ftl below the lurface of the grain. 
Metal tipa having elite to allow air entry were 
placed OD the end of each line. The 12 lines were 
ND to an air·aampllng valve mounted outaide on 
the top of the lilo. One line well Nn from this 
valve to a 11111 partitioner in a mobile laboratory. 
Tbia Ipparatul lampled 12'litea in the ailo during 
each test. and it was limilar to that used in 
method 1. 

Prior to filling this eilo. a O.S·m·wide (2·ftl T· 
lhaped pipe made of 2.5-cm·i.d. (l·lnchl topper 
tubing coupled to 1.9-cm (lA·inchl heavy-duty 
Nbber application hose was lowered into the 
metal discharge cone at the bottom of the lIilo. The 
pipe had a 2.6<m (:·inchl copper eU on each end. 
The eUs were turned up toward the top of the lilo. 
Fine·mesh streeD was aoldered over the openings 
to pre\'ent entry of com and foreign meterial. The 
ailo was filled. and the d.?pths of the lIampling 
lines In the com nearest the wall were determined 
to be about 1.2. 4.3. 7.3. 13.<. 19.5. and 25.6 m (4. 
14. 24. 44. 64. and 84 ftl. and near the center. 
lboutO.6. 3.7.6.7.12.8.18.9. and 25.0 m \2. 12.22. 
42.62. and 82 ftl. The difference in depth between 
the two lete of linee was due to the alope of tha 
grain frOID the di!tcharge arell to the oppo!tite wall. 
The longest !tide line e.nd the center lines were in 
the cone·!thaped discharge chute near the T
ahaped application pipe. 

Gas flo ..... "'as started into this silo from a fuU 
8.940·lb tank of liquid CO •• using the built·in 
vaporizer. The /lcce" openings in the silo were 
opened after 0.6 h of application to relieve 
pressure. After /I l·h /lpplication, 100% CO. was 
found at the lowest (25·ml 5/Impling points. while 
:;:.!j' &;::r.!l ::.-nour.ts were found /It other sampling 
points. After 4 h, the CO. concentration at about 
19 m in the center site h/ld reached 100%. and in 
the side samples. from 52~ to 73~. 

Approximately 84 m' (340 Ibl of CO. was 
introduced during the flJ"st 4 h of application. A~ 
this time the flow rite was increased from about 
21 m'lb (85 lblb) to about 46 m'lb (185 lblbl. 
After 6.75 h. CO. concentrations /It the 13'm 
center and side sites werp 95% and 20'11>. 
respectively. S/lmples at depths ')f 19 and 25 m 
It ill contained 100% CO. at this time. After 8.25 h 
of trutlnent, th~ CO. conLentration at the 13·m 
side site .'8S 89%. while samples at 7- and 4-m 
depths and samples just below the surface con
tained 2% to 4% CO,. After 11 h. the CO, con· 

4 

centrlltion lOllS 95% at the 7·m center lite but was 
only 2% at the aide lampiing point at this depth. 
Carbon dioltide used In the milt 12 h wa. 454.4 m' 
11.840 lbl. Application lOllS continued at an .. 
aver"e rate of 46.0 m "ib 1185 lblbl. After 12 h. 
the concentratiOD in the 7-m aide lite had ~ to 
73~. 

After 13.25 h. Ihere was 98% CO, at the 4-m 
center lite. while the lide la:nple at the __ 
depth conwned 26% CO.. All aamples below 
these depths contained from 97~ to lOO'lo CO,. 
After 14.5 h. the aample at the O.6-m center lite 
hid a to_tration of 93~ CO •• and the aample 
at the 1.2-m lide lite contained 1~ CO,. Thillow 
concentratiOll was probably cau.ed by a heavy 
concentration of foreign mete.rial in the area. 
Approximately 592.7 m' (2,400 lb) of CO. had 
been used at this time. Flow WIS terminated. and 
it is calculated that :: Idditional hours at 46.0 
m'/h (185 lblbl would have been required to 
penetrate the heavy concentration of foreip 
material under the discharge chute at the aide. 

Ten hours after shutdown aU aamplel at and 
below 13 m had 80% or more CO •• while samples 
above this point contlined from I trace to 22%. 
Thirty-two hours after Ihutdown sample.J at or 
below 19 m had 52% to 80% CO •• and samples 
above this point contained from I trace to 26%. 

This ailo was not equipped with an aeration 
fan. a fan .haft. or any other facility for ill' 
troducing CO. directly from the bottom of the 
lilo. In silos so equipped. there would be no need 
for the hose and the T·shaped pipe used. 

The advantage!t of this method are low labor 
~quiremente. CO. costl comparable to other 
application technique!. and no lOIS of CO, in 
mixing and blo ..... back. On the other hand. thia ia 
the slowest of aU the methods tested. and there 
are problems in penetrating areas having e lot of 
foreign material. Aise. t\:e method produces a 
100'II> CO. concentration, 8t\d concentratioDl 
above 60'% seem to rescit in red~ced insect 
control. (Apparently. a low oxygen. 0 •• ton
centration anesthetizes the insect, ",,,! p~-evente 
the venting 07 CO. an1 water. wh.ich is believed to 
be partially respn.sible for dealt •. 1 Ho".Vever. thil 
could be aver'..ed by r1'!"oiing air with the CO,. 
producing a concentntion ')i ab<'l't 60% CO. and 
.. educing total CO. UJ~J_ :in/lUy. tw('. applicatioa 
lines 'ue required. one W plllge u:d one to sup· 
plement f' Uout of the :,,,,,vier·thu.·aJ- CO. from 
the heads pace. and vaponz~:il)n req,",irem~nta are 
high. 
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Is stOrAge facility -------N~o~------------~l 
fllll? , 

Yes \ Method 3. I' • intO stream.· _ 

~~----~I---~--------.j Can the grain be Yes 
moved to another 
storaqe facility? 

No 

, 
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facility have an NO \Hethod 1, \: 
aeratior. shaft or a \----='-----... ·pllro;e." 
pipe for bottOlll ____ ..J 

application? 

Yes 

Is a 100' CO, 
concf'ntration 
usable? 
(See text.) 

NO ·pur 9t!.· or I Method 1. Jl 
1---~:':::'-----1"'~ blend in 60' 

,co, (see text). I 
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Method 2 • 
. "11ft." I 

F.cu .. 2,-S.\octq • !Dr-hod : .. app\7I<>I 00 •. 

ManoD 3: APft.T 
CO. DC fta GUDI STDAK 

Thls test w,,, conducted ..,ilh liquia CC'. from 
the lame tank previously cle,cribNi. The t::O. 
emerged froUl the equipment in a ~en:i,olid form 
caned "anow" by thl! CO, industry. How .. vtr. the 
anow soon bublimateC and prod<:ced CO J au· A 
CO. "hom" was attached to copper tubiDg (19· 
em I.d .• or 'Ie·incb), wl.ich w~ run !MIT' thr liquid 
line I'n lhe CO. tank to the t()p of the silo. The 
tubing and bon: "'ere thoroughly grounded to 

prevent any Iparks around the di,charp .,... 
Liquid CO. 1I0w , .... s started iDOO an empty ailo at 
the outer access opening. and lr. 10 miD IlOOut 49." 
m I (200 Ibl had been Introduced. (:c)n ~,.,. -
tben .t.vtt~ into the ailo and contiDued. with two 
b:ief interruption, ilf 3 min eat'h, untU ~he 'Uy wu 
fillPd with about 711 met:::: 'r.~ (28,()()(l bul of 
corn in 2.33 h. At thi, pout abc ut 64'! m' 12.600 
Ib) of CO. had been intr.x:\.i'~~ int() t~e ri'o at a 
rate of 4.6 'D'imin (18.61b/rrilil). Carb_.l diem. 
application wu continu~ '\II ~dditio.'o1l o.e h. 
except for. lO·min interruption, At this tim. ID 



(CO, applied to 711 metrio: IODO (211.000 bu, of ~I 

Time to atl .. .iD IothaI...-tI'IIbaD (hl ........ . 
Quutity 10 .... let1l&l_ ....... u..: 

Cubic_' ........................ . 
PC1W1C18 .............................. . 

Quubty 10 maiDl.aia Iltbal collCODtntioa for 
96 b (.iDcludiDa PIlIP time,: 

Cubic __ p. .......................... . 
P"""do per ............................... . 

Tot.aI CO,IOU-t: 
Cubic_ ......................... . 
PC1W1C18 .............................. . 

Coet per buobol (I': 
CO, aUO.0Ii211b" ..................... . 
CO, at 10.018,11>" ....... .. ........... . 
CO, atlO.D90l1b" ....•.......•......... 

Coet per meuic 1m! (I'. CO, aUO.0Ii211b" ...•.• 

Mot.bodl. 
'",..,.." 

• -uso 

n.l 
12 

USZ 
1.441 

0.0175 
0.G21S 
o.mot 
0 .• 1 

APl'licatioo -u.od 

Wot.bod2. MotbodS. 
"UIt." "iD&D.c..m" 

1 ... • 
'II m 

J.l00 ..JIO 

'11.3 ll.ll 

'" ,. 
U68 2.1" 

lQ,4OO 10.810 

0.01111 0.0202 
O.D2lO 0.0210 

0.1J34 0.0341 
0.'111 0.'" 

, Calou1at.od ""'" 8.12 Il' CO, PI' produced &om 1 Jb CO, liquid at·l7.1· C aad SOIi.6lbrm' 
ab..,"' .... 

'Calculat..t from ".iD1O au.am" applieatioll. _1IoId 3. 
! U.s. priCl!.1978. yearly un,. olloo..soo """" CO, . 
• U.S. priCl!.1978. yearly I! .... of 50-100 101>1 CO,. 
I U.s. priCl!.IS78. yearly u.,... of 0-60 IODa CO •• 

additional 98.8 m' (41)0 lb) of CO. had been ap· 
pJ;ed. and a sIrall mound of snow had ac· 
cur::ulated directly under the horn on the surface 
of the com. 

During filling. gas samples ... ere taken ad· 
jacent to the acce~s door where the CO, was being 
introduced. The~e sam pies were taken when ex· 
c~!>sive CO, blowback fmm the silo wa! noticed. 
Carbon dioxide cOllco:nt.rations Wl're 5.4% to 
16.2%. indicati."l2 a large lo~s of gas from the silo. 

Th"i! &nd one·half hours after the sta."t of 
bpplication (30 min after the snow hOld ac· 
cumulated 0/\ the top of the com). a complete 
serie~ of air samples was taken from thia .ilo. 
TheSE 12 samples averaged 71% CO. and 6% 0,. 
The concentutilln of CO, rAnged from 82% to 
24%. and the 0, cc:r.centration ranged from 2.1% 
:.0 11.4%. 

Two Il'ld one·hall hours .fter the applir.ation 
..... u stopp.,d. an additional 86.4 m' (351) lbj of 
Snetw WPoS applied through the te;> of the silr; in 20 
min. T ... ·enty minutt's later, the CO, BVl'ra,r.e .... .., 
600/,. and the 0, average was B'l', in BillZ s3mples. 
I r. ttt;s series of sample~. the I, m ~.ide sample 
C"nt/l.'ned 37% CO,. IUld the ~5'm cl'nter .~rnple 

I) 

contained 44% CO,; the range of CO, was 84% to 
37%. and the 0, range WD! 4% to 11~. 

To maint<lin the CO, concentration. gas .,.. •• 
reintroduced 6 h after the initial introduction. 
This was accomplishd by running a 1.9<m·i.d. 
('/4 . inch) rubber hose from the gasline on the taDk 
into the heads pace of this silo. Gas flo.,.. .,.. .. 
controlled by • CO, analyzer equipped with relay. 
that controlled a solenoid valve in th .. application 
line. The controller wa5 calibrated to maintain 
55% to 60% CO, in the silo. This equipment is 
described in more detail by Jay and Pearman 
(1973). 

Sixteen hours I.ter. a complete series of ,. 
samples was teken from the silo. The CO, concen· 
tration ranged from 59% to SM. ""Ii the O. 
concentration rpnged from 8% to 10%. The telt 
WIS terminated at this point sine" eXpE.;ence baa 
shown ttat once the -!e~:red conce'ltratioD haa 
been attained. the CO, 3mlyzer ~nd associlted 
equipment will maint.,d. ~:I': conc~nt~rtion within 
the silo I!t the c-:>nce"tration lethal:'" r.lost stored· 
grain and oilsee<l insec:-.a. 

This method i~ fast. a"d vaporuation equip
Jr.cnt reqnircmer.ts areloYo', The ciS1dv~ntag.-s in· 

) t'·.' r .) . ~.' ; '1 
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dude d.d:-..;;er of uplosion C&U3,J :'y - ,;;.op":·'y 
grounded application equipment, a po~ntial ~ 
for two application lines, UCUNve loa. of CO. 
from blowback. and high labor requirementl (con· 
ltent attention during application iI required I. 

DISCUSSION 

The decilion On which application technique t.o 
use will have to be based on aeveral facton (61, 21. 
Table 1 presents a breakdown of the CO, coats for 
.. ch method. The coati are bued on the quaD' 
tities of Uquid CO, UHd in each telt at the-' 
recent prices the author could obtain aDd do DOt 
Include the upense of renting ltorap tanka and 
vaporization equipment. At the Iow .. t quoYd 
price for CO,. the costl ranged from 1O.o17Ii/bu 
($490 for 28.000 bul for method 1 to 1O.0202/bu 
(SS6S for 28,000 bul for method 3. Since MCb 
meihod ha. its advantages and diladvantapl 
and. in lOme cases, only One or two of the three 
methods could be ultd, the difference In coat 
between the three methoda may be considered 
minimal. 

These .tudies were cooducted .t only ODe 

.tonp facility, in upright concre~ .iIo. COIl' 

taining COni. Little effort was made to conwct the 
obviously high leakage. Anyone using thia in
formation to conduct further field tests .hould 
consider aD potential leaks. In upright conc:reta 
Iilos any cracks in .. ·alls are potentwlreaI for PI 
leaks. The largest 10lses will occur arOUDd the 
discharge spouts at the bottom of the ailoa. 

Each facility to he treated with modified 

atmo.pherea wUJ have vuyin,;~ ':>etc.,.. of volume. 
type and lmDW1t of vain. leU rate. tempera~. 
vaporization equipment III .-quiredl. ar.d other 
facton. Therefore. thiI informat.i= .hould be 
uaed u a pide and DOt u a I'IprMentative liD· 
dicator u to bow a tr.tmlDt will work ill a pv.. 
aituatioD. Additiollll field 8tudiM 1ft 1111 c\ed. 
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