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2. Laboratory tests (coyotes)

Both the two-ingredient and eight-ingredient cartridges were tested on adult coyotes in the "U"
shaped SCD. Under these conditions the two-ingredient cartridge containing only sodium nitrate and
charcoal was equally effective as the eight-ingredient cartridge (Table 1). These results show that
time to death is similar when equal weights of ingredients for the cartridges are used. Based on
these results, tests with the eight-ingredient cartridge were discontinued.

Table 1. Laboratory testing of fumigants in adult coyotes.

Amount of Number of
Fumigant ingredients coyotes Time to death
Two ingredientsa 120 g 3 - 33, 35, 48 min
Two ingredients 240 g 3 17, 19, 20 min
Eight ingredients’ 120 g 2 35, 45 min
Eight ingredients 240 g 2 Tess than 20 min®

3contains 65% sodium nitrate and 35% charcoal.

bConta'ins 10.84% sulphur, 17.34% charcoal, 3.25% red phosphorus, 14.09% mineral oil, 43.36% sodium
nitrate, 3.52% sawdust, and 7.60% inert ingredients (borax and Fuller's earth).

“Box rapidly filled with dense smoke and exact time of death could not be determined.

Results from laboratory tests on coyote pups with the two-ingredient cartridge containing 240 g of
65% sodium nitrate and 35% charcoal are shown in Table 2. Al1 pups for a given test were from the
same litter.” Pups in Tests 1 and 2 were obtained from the field and pups in Tests 3 and 4 were born in
captivity. Pups in Test 1 were estimated to be 6 weeks old and weighed from 1,035 g to 1,250 g. Pups
in Test 2 were approximately 4 weeks old and 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), respectively.

Table 2. Laboratory testing of the two-ingredient cartridge on coyote pups.a

Time
Number to
Size of Test of % carbon monoxide % carboxy- death
5CD number pups after ignition hemoglobind (min)
"y" shape, 1 a 0.7° 85 (-)® 12 to 14
34 cu ft
2 5 0.7 87 {85-90) 12 to 14
Straight, 3 5 3.0¢ 79 (70-85) 4t06
18 cu ft
4 5 3.5° 83 (75-85) 3to07

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

aCartridge contains 240 g of 65% sodium nitrate and 35% charcoal.
bls min after ignition.

€10 min after ignition.

dMean (range).

©Each of the four values was 85%.

As shown in Table 2, lethal quantities of carbon monoxide were generated in only a few minutes.
The high percentage of carboxyhemoglobin in bleod from the pups is indicative of the acute toxicity of
carbon monoxide. In a review of euthanizing agents for the veterinary profession, the AVMA (1978) Panel
on Euthanasia stated that the advantages of carbon monoxide (CO) were: (1} rapid and painless death;
{2) insidious hypoxemia so that the animal is completely unaware of it; and (3) unconsciousness without
pain or appreciable discomfort.

3. Field evaluation of the gas cartridge {coyotes)

Field tests of the two-ingredient cartridge were 96% successful (Table 3). In some instances death
of all the pups could not be confirmed. Sometimes the den was very large and all pups could not be
retrieved. Some dens may have been so extensive that there was insufficient carbon monoxide produced
by a single cartridge. In cne den, a culvert in Oregon, a cartridge failed to ki1l the three pups, and
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the only logicai_explanation was that there was an undetected air Teak in the culvert which supplied
oxygen to the animals.

Table 3. Coyote dens fumigated with the two-ingredient t:arl:h‘dn_:;e.a

Number of Number of b Number of Percent

State dens pups in den pups killed killed
Nebraska 2 9 9 100
California 10 49 48 04
Wyoming 26 169 154 91
Oregon 30 170 167 98
Texas 30 124 124 100

Totals 98 521 500 X = 96

aCartridge contains 240 g of 65% sodium nitrate and 35% charcoal.

bE;seg on pups seen, taken, or number of placental scars when a female coyote was killed at or near
e den.

In addition to pups, six adult females were alsoc killed in the dens. Based on the number of dead
pups recovered and good estimates of the numbers present, the 96% mortality rate indicates a high level
of efficacy for the two-ingredient cartridge.

4. Laboratory tests {rats)

Results of testing the two-ingredient cartridge under laboratory conditions on wild Norway rats
are shown in Table 4. Applying Duncan's multiple range procedure to these data indicates that animals
at Position 1 located 11 feet and two branches from the cartridge ignition point died sconer than
animals at Positions 2 and 3, (p < 0.01), each of which is 26 feet from the ignition point {Fig. 2).
The time to death at Positions 2 and 3 is not significantly different, indicating that diffusion of
the fumes from 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.?

Trial Sex, weight, and time to death of test animals at:
Position 1 Position 2 Position 3
1 M, 510 g, 35 min M, 515 g, 300 min® M, 425 g, 170 min
2 F, 322 g, 25 min F, 350 g, 352 min F, 375 g, 230 min
3 F, 325 g, 37 min F, 285 g, 420 minD F, 287 g, 420 min?
3 M, 295 g, 27 min F, 267 g, 390 minP M, 251 g, 195 min
5 M, 339 9, 4 min M, 442 g, 213 min M, 351 g, 209 min

aCartridge was 3-1/2 inches long x 1-1/2 inches inside diameter and contained 65 g of 65% sodium nitrate
and 35% charcoal.

bEst'imated; exact time to death not determined.

5. Field evaluation of the gas cartridge (rats)

The overall percent reduction in number of reopened burrows after fumigation as compared with
pretreatment figures is 77% with a range from 35% at site 6 to 95% at site 1 {Table 5). Analysis of .
these data by both the paired T-test and the Wilcoxon signed rank nonparametric test indicates that
this reduction is significant {p = .016 and p < .005, respectively)}.

Rats were flushed from burrows in 5 of the 10 test sites (4, 5, 8, 9, 10). Three rats each were
killed at sites 4 and 5; 25 at site 8, 17 at site 9, and 2 at site 10. Some rats flushed from site 6
escaped. Several of the burrows were under either concrete or wooden feed bunkers. In one instance,
under & wood bunker at site 9, fumes were emitted from a hole 30 feet from point of ignition, indicating
a very extensive burrow system.

6. Secondary hazard tests (bobcats)

A1l rats killed by fumes from the sodium nitrate and charcoal died within 15 minutes and the carbon
monoxide concentration in the air exceeded 1.2%.

No symptoms of intoxication were observed in the three bobcats during 7 days of feeding on two rats

per day. There was never any rejection of rat carcasses and, in most instances, the entire carcass,
including feet and tail, was consumed.
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Table 5. Field evaluation in wild Norway_rat burrows. Number of burrows opened before and after
fumigation with two-ingredient cartridge.

Test Day Day Day _ No. cartiridges Day Day Day _ Percent
site 1 2 3 Total x used 4 5 6 Total x reduction
1 26 34 22 82 27 18 0 2 2 4 1 85
2 8 14 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 mn 21 2 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 q 35
7 38 29 15 82 27 10 3 6 8 17 6 79
8 20 18 24 62 21 22 2 4 3 9 3 89
9 86 59 64 209 67 60 26 19 15 60 20 n
10 182 206 249 637 22 149 52 41 46 139 46 78
480 456 519 1,455 482 360 108 111 110 329 109 17

aCartridge was 3-1/2 inches long x 1-1/2 inches inside diameter and contained 65 g of 65% sodium
nitrate and 35% charcoal.

Hazard Assessment of Two-Ingredient Cartridge

Neither charcoal nor sodium nitrate is considered to be dangerous chemicals. The toxicity
hazard of carbon to humans ranges from "none" to “slight" (Sax 1975). The relative innocuous nature of
charcoal can be appreciated by the fact that its adsorptive capacity is used for emergency treatment of
some types of chemical poisonings (Swinyard 1975a). The dose of activated charcoal used as an antidote
is 10 g administered orally as a thick slurry in water. Activated charcoal is used in the food industry
for processing foods such as sugar and alcoholic beverages. Charcoal is a popular fuel for barbecuing
and in 1978 about 700,000 tons were used for that purpose (Seeds, personal communication).

Sodium nitrate is used in the manufacture of numerous products including glass, explosives,
pyrotechnics, ceramics, detergents and soaps, porcelain enamel, pulpwood and paper, charcoal briguettes,
and fertilizers. In metallurgical industries it is used as a flux, as a component in baths for heat
treatment of metals, and as an oxidizing agent. Food grade sodium nitrate is acceptable to the United
States Department of Agriculture Meat Inspection Division as a color fixing agent in curing meats (O%in
Corporation 1978).

When carbon and sodium nitrate are burned, large amounts of carbon monoxide {C0) are generated
according to the following formula {(Magram, no date).
co

4c + 2 NaN03-+ 3 CO + Na + N

2773 2

carbon + sodium nitrate + carbon monoxide. + sodium carbonate + nitrogen

Two other products, sodium carbonate (NazC03) and nitrogen (N2), are alse formed. The acute
oral LD.. of sadium carbonate (soda ash) in rats is about 4,000 mg/kg (Frank 1948). The toxicity of
sodium égrbonate to humans depends on the extent of exposure {Windholz 1976). Repeated topical use may
produce sensitivity reactions and ingestion of large quantities may irritate the gastrointestinal tract
and induce vomiting, diarrhea, circulatory collapse, and death. Since gas cartridges are used under-
ground, it is highly unlikely that people would be exposed to the sodium carbonate that is formed. The
nitrogen produced by the cartridges is insignificant and would not pose any biological hazard. In the
normal atmosphere nitrogen constitutes about 75% by weight or 78% by volume of the air (Windholz 1976).
Carbon monoxide is the most hazardous product formed.

Carbon monoxide is highly toxic by the inhalation route of administration. The toxicity of
carbon monoxide is due to its ability to combine with hemoglobin te form carboxyhemoglobin. Carboxy-
hemoglobin is not able to carry oxygen. The affinity of hemoglobin for carbon monoxide is about 240
times greater than for oxygen and when carbon monoxide is inhaled, it is rapidly removed from the
plasma and combines with hemoglobin in the red biood cell {Swinyard 1975b). Toxic reactions following
inhalation of carbon monoxide are the result of tissue hypoxia since the blood cannot carry sufficient
oxygen for normal metabolic processes.

The two-ingredient cartridge will be used underground and the 1ikelihood of it contaminating
the environment is nil. Carbon monoxide is the most hazardous product of this cartridge, but the
environment is well equipped to take care of it. Soil microorganisms absorb and metabolize carbon
monoxide as an energy source (Inman and Ingersoll 1971). It has been estimated that "the capacity of
the total soil surface (to absorb carbon monoxide) of the continental United States can be calculated
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to be over 500 million metric tons per year, which is over twice the estimated annual worldwide
production of carbon monoxide by man" from technological sources such as fossil fuel burnings in cars
and factories. Green plants produce more carbon monoxide than they assimilate. Loewus and Delwiche
{1963) calculated that a field of 100 hectares of alfalfa could produce about 2,000 liters of carbon
monoxide in a 10-hour period. It is estimated that total carbon monoxide production by plants is 0.5
to 1.0 x 1014 g/year (Seiler et al. 1978). This figure represents about 110 to 220 trillion pounds of
carbqn monoxide. ‘T@e estimated amount of carbon monoxide generated from 1,000 cartridges (12-1/2 x 1-
1/2 inches) containing 240 g of 65% sodium nitrate and 35% charcoal is about 185 pounds.

In conclusion, we believe that the two-ingredient cartridge would be an effective pyrotechnic
fumigant for vertebrate pests that 1ive in burrows or dens. Its effectiveness was evident in both
laboratory aqd field tests on coyotes and rats. It could probably be used on other burrowing rodents
by slight adaust@ents in the amounts of ingredients. The lack of secondary toxicity to bobcats implies
that carcasses killed by fumes from the cartridge would not be toxic to scavengers. The cartridge is
safe to humans and the environment because it is used underground and contamination is minimal,
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