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Service Gas that *o kctiv ' cartrVdge produces high concentrations ofof*n'0L ion i ield tests with 
tldliieCartridge si. ar tivs and me ingredient-,. The tqoinr d 

cartidges containing 240 gprod(ICed1)'. rtlof 651' sodium nitrate and 35"' charcpoal f ity rrte' inl coyote pups. Acartridge&containing 65 g' of 65," s'odium nitrate and 35.' charclC1 Was efrert'i ve in both laboratory and field testsIon wild Nor,;ay ri t5.I.?AL s 'norveoictiV4. In fie'ld test's conducttud at j rat-infesed ca tt'e feedlot,there was a ?Y, .averagie (T~t~brufre) redurtion ill nuM1ber', Of roetdbrwsafter fumigation ascompared to preratDien t rfigurle.S
 

):and . l arc not dangerous chiimcals. The acute oral LD50 for tbot6 sodium,
ritrat' and charccal isggreat, than 3,000 wg/kg in rats, and t.i,re was' no potentiation when given in
combination at 3,Q00,iwg/kg. 

burning sodium nitrate IandIrcoal. 

Since g used wi..erground, potential hazards to huwans and thu environmecnt are nil.
When the cartricges, are Used properly they are effective devices'for controlling vertebrate pests' suchaS/ o es and r0lt . 

INTRODUCTI0,'l
 

A pyro technc fumigant is a device conLtining inredient. that emit toxic gases when burnd. orover 30 years, the U.S. Fish and Wildlife Service (FWS) has. used a pyrotechnic fumigant known as the
Gas Cartr d TeCEn'viron.rient"l Pr'ntection 'Agency RegistrationiNumber 504-4). It is regitered for controlof specif Iy 4oodchucks, e dogs , ophers , and rirrnsquirrels. In 1976pr, ir o 
this fumigant ,as c'sder~ d for re-registration for burrowinri rodents. ii-terest was also expressed inresfitering it 'or iin coyote dins. Howover, the re-regis'rari on issue was comulicated beca'use of 
a Paucity of inior:-.;,:injrdbout its efficacy under laboratory and field conitions, and because.of its " numerous ingredients (sulffur; charcoal, red phosphorus: black sumer oil, sodium nitr te, sawdust,
borax, and Fuller's earth). Data fori each are required for. registration, but the cost and manpower 
"necessary to obtain this informationimay not be justified on a cost:'lenefit basis. -Our purpose was to 
deua~op afuiigant cartridge containinj fewer ingredients with equal or better efificacy. 

During the latter half of the 1940's, the U.S. Chefical sCrvice at the Army ChEnmic -Army carfire
Center in (laryland studied and compared ,-rlOuS types of pyrc'technic flriqant deices (ia-ram,no' d .t).They.. ound that cartridge with to ingreients, sodim nitrit end charco produced more ca•rbon
:onoxide than the FNS cartridge.conta inlin' eight ingr&%dienlts. 

, 
.
 Al thouqh t"hese tes i that.the .idFS cartridge could he inmproed, no ailiral test datl were prIesenLed to supportthis hiypothes-is. 

Tne objecti.'es of our studies (1) corpire biological
Cartrid gE nd h .L'1)Y" cartridge Ln adult coyotis under la'.rawry conditior~s; (2) d.,cnsLralte the 

to:•re're' the .ffectiveness of the FdS Gas 
-effectivenessof the two,-ingrrdienLt Yte pL';pscartri Oo 1nd Norwy ,'ts under Ia ordtory cor ditionsiand (3 ) demons trate tha effectiveness of the' wo- ingredientcartri dgei in coyo te dens andtlolrr-y At

burrows in the field. 

G-E,-ERAL .,ETI!ODS
 

1. Acute oral toxicitv tests with charcoal ,lndsoilit-umnitr Q.rats) 

Sprague-Dawlcy adult, male, albino rats 
(190-25g i;)frcm Si iugisen Laboratories, Gilroy, 'CaliFor';iia,
were individually caged in ,he laboratory for 'Idays" before te.sting. 
 Prmia Lab Chow and %.iat:6rwere '
 
available ad ihitum, Animals 'were fasted 4 to 6 hours before testinq, theUn gvag_1ed with 3,000 m.g/lg
c I, 3,000-ng/kg sodium nitrate, or a cowtbination of the two chemticals 3,000 moi./harcoal, at kg each.eionized water was the carrier. Thirty 'animals (10 per trert,-eniu) receivod the che'icals and 10 control 
animaIs reeived qui va 1ent volumes of" deionized wa Lr only . hey wre observed for I. days after 
dosing. 

2. Liboratory tests" y_ts)  ' 

A siiulated coyote den (SCD) was used to e.alate pvro cncftim 
iqa its in thu labratory. The SOD was cons, rctedof l/2-inch plywood wi th inside dkiensionS or by 14linche,'. It composed of seven,, vwas 

indivrduaml sections , rarmgiiiq in lenqwth fromr to 7 feet. TileS',ctmn's ictcd 11S'a burrc and 
 couild b
bolted tognch r to ob ti tn the des ired Ient Li A de ', chatiIc, (I, tny s,IIby C'2 36-iniichieit* ri-nalIdimen. iois) at the end of the sections servi'd as a Iohi ihin erV for coyOtes COynt',s wre COrifinld(l tothe box by a screen door. Tests w-re conducted in a heated 
( I"to 17'C) garage which could be ,easily
ventilated by fans.
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Tvio si7.cof,SCD5 wer 
 ntoss were Conducted 
:--: tests with Coyote [aapupsaina in . . in Ow Shape', Of ". IiLwas 22-11? fIeL r and. ,. 

k! o. swith l div Wod tilt] coyoLos- and two
Configuration
toJta I VOuIe as feet.Ur-E 31 'cubifr.' Iwo Les ts vwro Condur.tei ~Lbt coyo I-'[(pps inI a , Lra igh t SC'; 0101/?feet longi and. 18 Cubic feet. inl Volume. Captiv;e id~io1lcoyot'(is (8.2-to 1 [q ..ek)of-either sc<2S maintained it)th ldboroltory for it win giitni of .30dais twfor e Lr-, i n'j.l)obtained from wi i Ltei S Of COYO tQ ojUp) i~rdens in the f jld and ma ittuned in the laboratury for 1 to 2 days before teStirrj. ,I~ were boI- i n cap)tiv ity,.littcrs 

CarbTh w'onoxide concentrations in
ga-a'lin paatus (Na tional Di aoeer, 

tbe LUDduring Le, ts'Wi Lb coyn,te pups wet e\(Iieasu, ed wi th a gIic, 401 fdi'kvhiy View Drive, 1)i tLLcarbon llonoxide situation or heiioglotili (caribOxyho ogloiin) in 
rgh, PA 15?O ) , j-c

blood froicoumrcial laboratory (,oisonlab 11169 South 
the pips was anilyv d hy aHolly StieeL, Dever 10?2) singthe SPec.toColord.i ,photometric method of Tietz (1970) Control caroxyhe ,.oglobii
content was determined from t,..,o p p ..
killed with sodium pentotbarbital. 

3.. il vluation of the qas car LricP (cdojyotes) 
Based on laboratory tests with coyotes, a car-tridge containinu 24,0 9 of 65"' sodium nitrate and 35,.charco3lwas evaluated in the field. The cartridge w.is 12-1/2 inches long and 1-1/2 inches insid"
 .diameter (i.d). This cartridge is shown ii Figure I.
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Since this Cal Li idgj pi'odtic~S a Lo~iC M1!0'iJl ,tl' i~Lmq W115PIMcibii ted on put1liicEx~cu Live Or'der 116u13. I-~dS 1..,Thai ef'or i t was L-es ted on pt- va U., 1,111d '11co~cw-tt inlWLbr.An 1'*"Cot'ico1 (A1O ) utsiiii l' * were iris truc Ludi'tOtoi4ed Lb Or 1)) WildvFRH dL 'a'c Cc Iioter ersn] ein the ts~of te device a:,d data Col lectin101 Te twe ronduc ted (Jutinlj, the tpr htl of D inaliloin 0 ,', ..on. W,...i lexis aI-d e. s ,
 
1nll a den oicated nid duei ud to n pui.,i, L one hrclu in itl exitL hoe "as pluggd if worethan one existed. A CaI, tI, i qe hedin to the don , and the 1l(tw is 

a' aO,1Lta1C
0liuyd. 

to 1 6-f60t rni, tl Irod-, Le ,nsr[ asdfa ,it ;sp~aSS Ii yim1ip AIlor oiw-Ii:i it.I u . har rhedt haimsopened Lo v" 

!4..ULiboraloiy tests (rats)-


Only the two-,ri nqirti en c Li',idie Wit eVa.l, illtuaLd ,.0mulathed burrow (SR] Ia i,ted ,,
contained 65 g Of 6 sodiuiii-rto1L.ai, 35 cstoh 
' ca" 

il 1 Le' ,,- 'l1(o ,n 1-1 i; cY.s i ,,(see Fig. 1). Figure 2 hows,a diagram oi tho 51413. The ShIh-a C 6 
c . priti[31Ia. l of 3", i i ..,plastic pipe. It hid 12 brnches, a toaorI t h o,f 65-l F __ , F . F 

feet, iim a v...i. - of 3.32 cuic ;. Thre .
NP*rwY Y*rits Were eXPOSed,Ct - , L, i. h : u a ,dLW i119 Li'I- a11 a I/ I li 1, 2 ai d uoi l I igm 2\. 

Use OfLrade names does not imply ildorsemhnt: by the federal govrtle.. .. 
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Fig. 2. Diagram of simulated rodent burrow (SRB). .
 

5. Field evaluation of the gas cart qe_ rats. 

Field testing of the cartridge evaluated in the SP, was conducted in January 1980 at a Norway rat 
infested cattle feedlot near Ccrnierce City, Colorado, Ten test sites were seleced at different points
within the feedlot. A Lest site is defined as a l;ster of burrows at least. 5 yards from any other 
cluster or group of burrows. Each burro' opening was putged initially. Thet,, reopened burrows were 
counted and replugged lfor 3 consecutive days todeterinewhichere active.-A inimum of five active 
.(reopened) burrows per day was necessary for a test site to be included in the evaluation. Fol loing . 
che count of active burrows on the third day, the test sites w:ere fumigated by insertig ig fumigat
cartridges into the.acti.veburrows and replugging tiwr. it obvious burrewIf was that.some;e opnin ls 
were directly connected to those inwhich":'cartrid-es vere placed (e.g., as evidenced. by, arce 6a,,unts
of smoke escaping) then these openinss were counted and plugged, but additional cartrid,:cs w"erE, not 
inserted. An attempt was nlde to kill all rats flushed out of burrows by fumes. Ile proc cuerf. . 
counting and pluggingureopened burroyws was repeated for 3 more rnnsecutive days after ftjmi(ation. . 

The test sites or bu)'row clusters were considered the experimental units with data consisting of 
the pre-, and post-treatment average r,unbers o actve burrows. )lta analysis V:as done by a one-tailed) 
paired T-test, and the nonparanotric Wilcoxon signed .rank test (Snedecor and Coshran 1g(/).:. 

6. Secondarv hazard tests (bobcats.l 

Adult ale albino rats were nairtained as previ,:usly described. Groups of six rats each Were 
euthanized in a box chamber with carbon monoxide generated by burning 20 g of 65 so'dium nit ra:a and 
35"; charcoal in a 1-1/2 inch i.d. x I inch long cardboard cylinder. Carbon monoxide concentrations 
were measured with DRAGER gas sampling tubes. 

. Five days before receiving treat-i, rats, three bobcats (I male and 2 females, 5-.4-6. kg) wC.re each 
prebaited with two rats killed by cervical dislocation, Each bobcat was then offered two rats Ulled by
fumes fronm the gas cartridge for 7 consecutive days. They were subsequently fed control rats and 
observed for an'additional 14 days. 

k . AND II.SkCSULTS DISCUSSION 

1. Acute oral toxi itv tests with charcoal and sodiui nitrate (ra tsj 

No signs of toxicity or mortalities were observed in rats orally dosed with 3,000 ml/kg chatcoal 
or sodium nitrate. Windholz (1976) rr.orted the mini ororl l(thal dose of sodium nittale in rats to 
be 200 mg/kg: Wanntorp and Sw-ahn (153) reported the acute oral LD5 0 of sodium nitrate to be about 

•5,000 ng/ky in fe'::ale albino rats. 

Two of 10 rats died folloingadriinistration of an oral dose of 3,000 ig/kg charcoar and 3,000 nig/lq
sodium nitrate. Statistical aralys is C. these test 'results by a comparison of tlhe proportions reveled 
no significant differences, indicating that charcoal atnd sodium nitrate do not potentiate each other. 
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2.__
Laoatr 'tests." t(cqyos 

Both the two-ingredient and eight-ingredient cartridges were tested
ingredient cartridge Containig only 

11U4 

te anduodij'nitr 
shaped SCD. Underthesc ondi t ions the wo 

on adult coypl-es In' he 

~ )charcoal WaS elIly eff~ctjve ds the cight-ingredien t cirtridgce (Ta blIe 1)., These resul ts Show thattime to death is simila r~i-din equal weights of ingredients for tilecartridges are used. Based onthese results, tests with the eight ingredient cartridge were discoritiued.
 

. Table 1. Laboratory testin o f fLga ts lnn4 du3t cyoLes7n 

Amout of'ofNumber 
Fumigant ingredients coyotes .&Time to death ~ 

.. aTwo ingredients 1209g 
 3 33, 35 48 minTwo ingredients 240 g 
 3, 17, 19, 20 min
Eight ingredientsb 120 g9 
 2 ' 35,45 min 
Eight ingredients 240 g 2 lpss than 20' minc 

aContains 65' sodium nitrate and 35% charcoal..'
 
bCnntains 10.84b" sulphur, 17,34% charcoal, 
3.25%red phosphorus, 14.09t mineal oil, 4336%sOditii
nitrate, 3.52% sawdust, and 7.60% inert ingredients (borax and Fuller's earth).'
 

, Box rapidly filled with dense 
 smoke and exact time of (lOath could not be detemined. • 

Results from laboratory tests on coyote pups with the two-ingredient cartridge containin 240 9 of
65% sodium nitrate and 35,, charcoal are slown in Table 2. All pups for a given test were from thesame itter. Pups in Tests I an( 2 were obtained from the field and pups in Tests 3 and 4 were born incaptivity. Pups in Test 1 were estimated to be 6 weeks old and weighed from 1 ,035 g to 1,250 g. Pupsin Test 2 were approximately 4 weeks old iird weighed from 801 g to 873 g. Pups in Tests 3 and 4 were
3 weeks old (538 to 644 g) and 10 days. old (232 to 339 g), respectLively. 
Table 2. Laboratory testing of the two-ingredient cartridge on coyote pups.a 

Numbrt 
Time 

Size of Test of %:erarbon monoxide I carboxy- deathSCD number pups after ignition henoglobind (rain) 
"U" Shape, 1 134 85cu ft 12 to 14 

2 5 0,7 87 (85-90) 12 to 14
 , ' Straight, . 3 5 c n
 /
S i 3 5 .18 cu ft 3.0 79 (70-85) ' 4 to 6
 

. 5 3 .5c 83 (75-85) 4to 7 

(Control " carboxyhemoglobin in each of two pups less thn 5%) 

aCrtridge containsb 240 g of 65% Sodium nitrate and 35% charcoal.,1 in after ignition. 

d1l0 rr~n'afterigton~te ignition. 
dMean 

. m 
(range). 

Each of the four values wos 85%. 

As shown in Table 2, lethal quantities of carbon monoxide were generated in only a few minutes.The high percentage of carboxyhemoglobin 'in blood frvmn tle pups is indicative of the acute toxicity ofcarbon monoxide. In a review of euthaniziny aqelts for the vetorinary profession,on Euthanasia stated that the advantages the AV,1A (197) PaelL'of ca;bon monnxide (CO) were: (1) rapid and painless death;(2) insidious hypoxemia so that the animal is completely, unawarp of it; and (3) unconsciousness without
pain or appreciable discomfort.
 

3. Fieldevaluation of as .. ,tdge(coyote -
Field tests of the twio-ingredient cartridge wer,' 96% successful (lable 3) In orne instances deathof all the pups could noL be confirmed. Sometimes the den was very la-ge and all pups could notretrieved. beSome dens may hae been so extensive Lhit Lhere was in sufficint carbon wonoxide producedby a single cartridge. In one den, a culvert in Oregon, a 'cartridgje f,liledi to 611 the three pups, d 
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__________ 

V Ii ]. ....... ... . ,

th, olylogic,)- tineplan asthat there was an undetected airleak in the culvert which suppi ed ..,-. 

!, oxygen to the eninals, 

Table 3. Coyote dens fumigated with the two-ingredient cat tridge a 

Stt~NumberState dens of N~um~ber ofbNueroPrcnpps in den . pupsbkilled eIed
 

rNebra ska 2 9 9 100 
* California ,i ~49~ 46 94
 

ng ,,yomi 26 169 154 , 9
 
Oregon 30 170 167 98 
Texas 
 30 124 124 100 
Totals 98 521 500 =96
 

aCartridge contains 240 g of 65% 
sodium nitrate and 35 charcoal. 
bBased on pups seen, taken, or number of placental scars when a femal coyote was killed at or near
the den. .....
 

In addition to pups, six adult females were also killed in the dens. 
 Based on the number of dead
pups recovered and good estimates ofKthe numbers present, the 96: mortality 
rate indicatesa high level
of efficacy for the two.ingredient cartridge. C, 

4. Laborator. tests (rats)
 

Results of testingthe two-ingredient cartridge under laboratory conditions on wild Norway rats
are shown in Table 4. Applying
at Position I 

Duncan's multiple range procedure to these data indicates that animalslocated 11 feet and two 
branches from the cartridge ignition point died sooner than
animals at PosiLions 2 and 3, (p < 0.01), each of which is 26-feet frcm the ignition point (Fig. 2).The tire to deaLh at Positions 2 and 3 is not significantly different, indicating that diffusion of
the fumes frcm the ignition point to 
these positions is comparable.
 

Table 4; Results of the two-ingredient cartridge in a simulated rodent burrow with wild Norway rats.a 

Trial 
 - Sex, weiQht, and time . . . to death Gf tes.t animals at:
. . _ __ _-Pos ij i sition 7"-t-ion.; -oi io
2 Position 3 
SM, 510 g, 35 min 
 M, 515 g, 300 rinn.', 425 g, 170 min
 
2 F, 322 g, 25 min 
 F,,350 g, 352 nin 
 F, 375 g, 230 mi
 
3 F, 325 g, 37 min 
 F, 285 g, 420 rainb 
 F, 287 g, 420 miunb
 
4 M, 295 g, 27 miin F, 267 g, 390 mini " 11,251 9, 195 min/


,5. N, 339 g, 4 min N, 4? g, 213 ,in N, 351 g, 209 rmin 

aCartridge was 3-1/2 inches 
long x 1-1/2 inches inside diameter and cont'.ined 65 g of 65 
 sodium nitrate
and 35% charo. 

bEstimated; 
exact time 
to death not determined.
 

(.
 

5 Feld evaluation of the r, crlcrle(r t. 

The overall percent reduction 
pretiea~tment figures 

in number of reoper,.e' burrows a t.r .uriigati'n as compared withis 77% with a range from 35, at size 6 to 95 sitea 
 I (Tatle 5). Analysis ofthese data by both the paired T-test and the Wilcoxon signed rank ronDaranetric test indicates thatthis reduction is s.ignificant (p= .016 and p < .005, respe)ctively). 
Rats were flushed from burrows thein 5 of 10 test sites (4, 5, 8, 9, 10). Threekilled at sites 4 and 5; 25 at site 8, 17 at site 9, 

rats each were
and 2 at site 10. Snme rats flushed fromescaped. Several of burrows site 5the were under either concrete or woodern feed buners, In one instance,under a wood bunker at site 9, Fumes were emitted from a hole 30 feet from point of ignition, indicatinga very extensive burrow system. 

6. Secondary hazard tests (bobcats) 

All rats killed by fumes from the sodium nitrate and charcoal died within 15 minutes and the carbon
monoxide concentration in the air exceeded nitat 
 n
 

No symptoms of iitoxicition were observed inper day. There was- rver any the t hre bohcats during7 'qsrejection of rat carcasses and, of feeding on two ratsincluding feet and tail, was consumed. in riost insta es, the en. . . . . * V 
'T, Carcass, 

.
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..able 5. Field eyaluaton lit wj I way'rat burrows, lumber of:burrows openedS: , :fumigation with.two-ingredent cartridge,' 7 ', 
before and 'after'i". 

§ ,' 

"Tes t Day Day Day 1lo. 'C.)rtridjes Day, Day iDay ' ~ Percentsi te 1 2 3 To toIl x used 4 5 G: TotaI x reduction 
1 26 34 22 82 27 18 0 2 2 l4-1 95 

2 '814 24 46 15 23 1 2 2 5 2 89 
3' 18 13 24 55- 18 14 1 1 2" 4 1 93 
4 53 51 57 161 54 -43 11 21 21 53 18 67 
5 44 24 33 101 34 25 8 10 7 25 8 75 
6 5 8 7 20- 7 "(5 4 5 4 13 4 35 
7 38 29 15 82 27 10 3 6 8 17 6 79 
8 201824 62;21 22 2 4 3 9 3 89 
9 86 59 64 209 67 60 26 19 15 60 20. 71 
10 '182 206' 249. 637 212. 149: 52 41 46' 139 '46 78 

480O 456 519 1,455' 482 360 Ill :110''108 
 329 109 ,77 

aCartrIdge was 3-1/2 inches long x 1-1/2 inches inside diameter and contained 65 g of 65'.sodiumnitrate and 35Z. charcoal.
 

Hazard Assss!,ent of Two-Ingredient Cartridge 

Neither charcoal nor sodium nitrate is considered to be dangerous chemicals. The toxicityhazard of carbon to humans ranges from "none" to "slight" (Sax 1975). The relative innocuous nature ofcharcoal can be appreciated by the fact that its adsorptive capacity is used for emergency treatment ofsome types of chemical poisonings (Swinyard 1975a). The dose of activated charcoal used as an antidoteis 10 g administered orally as a thick slurry in water. Activated charc(,al is used in the food industry: for processing foods such as sugar and alcoholic beveraui'i,. Choirc:ool isa popular fuel for barbecuing .and in.1978 about 700,000 tons were used for that purpose (SCeds, per, al cun'1minication). 

Sodium nitrate is ucd in the manufacture of prous including gl 'ss,,roducts explosives,pyrotechnics, ceramics, detergents ani' soaps, porcelain enamel, pulpwood and paper, charcoal bri,ettes,.and fertilizers. In metal lur calidsre it is used as a Fmli, as a Colfponent 'in' ba ths fcr'h~attieatirint of metil.s and as an oxidizing agent. lood grade sodium ni traLe is acceptable to the UnitedStates Department of Agricul ture N-eat Inspection Divis ion a: a color fixing agcnt in curing meats (01 inCorporation 1978). 

When carbon and sodium nitrate are burned,* large amounts of carbon monoxide (CO) are generated
according to the following Formula (UMcagram, no date). 

4C + 2 tlaNO3 - 3 CO tla2Co 3 N 

carbon + sodium nitrate -, carbonrmonoxide + sodium carbonate + nitrogen 

Two other products, sodium carbonate (la2C03) and niLroen (NP), are also foned. The acuteoral LD o, sodiumcarbonate (soda ash) in rats is about 41,000 1'w/il (Frank 1918). The toxici tv ofsodiumt Hi'bomate to'hu-mans depends on the extent of o'xprnurf, (Ifindbulz 19/6),. RepeatedJproduce sensitivity rriactinns and Inges lio) of large quanfities 
topical uLse' may

,ay irriLate" the ias ointestinal trac'arid induce vcmiLing, diarrhve, circulatory collapse, and death. Since gas cartridges are used underground, it is Ijgbly un]ikely that people would lie,xpo.etl to sod iii carbonate,he0.1c is fored. Thoni1utrouen prc.ucd by the, cartridges is insif n ficant and would not poe any biolo ic, 1 h-)zard In tneL"normal atmoshlere i trogen consti totes about 75% by weight or 4', by vol oF.e the air (Windhol . 1976).Carbon monoxide is Uie r:s t hazardous producL foracd. 

Carbon monoxide is highly toxic by the inhalation route of administration. The toxicity ofcarbon monoxide is due to its ability to Combine with hemoglobin to form carboxyhnoq1o)in. Carboxyhemoglobin is not able to carry oxygen. 
 The afflnity of hlooglnbin for carbol monoxide is about 2,40times greater than for oxygen and when carbon monoxide is inhaled, it is rapidly removed from thep1asma aridcombines' with bll Ug 1obi iin the redblood cell (Swi .1yrid I97M)
in . Toxic re,,ctions faollowiringlation of carbon monoxide are the result of tissue hypoxia since the blood cannot carry sufficient 
oxygen for norinal metabolic pro.:esses. 

'The two-ingredient cartridge will usedbe und.erground and the likel hood of it contaminatingthe environmeiit is nil.. Car'bon monoxide is the most h,iardorls product of this ca'1ridje , bit theenvirorwent is well equi)Ped to take ca,1e of it. Si i, croo'g i ms aorhn :i liohie carbonmonoxide as energy (mi,an source n and Ingei'e11 1971). It 1 hs bwen t iled that "he cpacity ofthe total soil surface (to absorb carbon onoxide) of the con.time~ntal tnji ted States-cart be. calculated 
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to be over 500 milIlIion netric. tons~per year; whjcli As over tw~ice the etimated anual worldde s"'production of'carbon monoxide by mail" from tectwculogical1 sources such as fossil fuel burnings tfl cars 
and factories. Green Plants produce ,ore carbon monoxicI thri they assimilate. Locwus and Deiwhe
(1963) calculated that a field of 100 hectdres of alfCal fa could prodoce lbut 2,000 1itvr of carbool'
monoxidein a 10-hour period. I is estimated that towl carbon wonn4ide rioction by plants i 0 
to 1.0 XION g/yea r (S( i1-2r' e t aI. 1978). [fhis- figur rUpfnsiuItHOU 1 to 220OdrjllI on pounids ofcarbon rwonoxide. The estimoted ornount of carbon imonoxid,. generated from I,0OIJ catrtridgjes (12-112 Y,1 
1/2 inches )ccn tamning 240 g'of 65. sod ium nitra te and 35' char-coil is about. 185 Pounds.' 

1r, UAIo~iusion, we.believe !hat the' two-ingredicnt car tridge i.;ould be an effective pyrotechnic
fumi gant for veortebra te pes ts that Iyi in burrows or d-ns . Its effcc tivene~ss was e idon t i n bo th
laboratory and field tests oil coyotes arid rats, It could probably b used on other burrowing rodents
by slight adjustments in the_ amounts of ingredients. Thelack of secondary toxicity to-bobcats implies
that'carcasses killed by fumes from the cartridge would noL be toxic to scavengers. The' cartridge 'is
safe to humans and the envirotiment because it is used oiiiJ~rq.roild oliad contin ills tinol i, I nma1*id 
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