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Evaluation of Carbon Dioxide Dissipation
within a Euthanasia Chamber

Shelly M Djoufack-Momo,! Ashlee A Amparan,! Beverly Grunden,? and Gregory P Boivin®5"

CO, euthanasia is used widely for small laboratory animals, such as rodents. A common necessity in many animal research
facilities is to euthanize mice in sequential batches. We assessed the effects of several variables on the time it took for CO,
to dissipate within a chamber. Using standard euthanasia time, changes in flow rate were compared between a slow 15% fill
rate for 7 min, and a slow 15% followed by a rapid 50% filling for a total of 5 min. Additional variables assessed included
the effects of opening the lid after the completion of chamber filling, turning the chamber over after completion of filling,
and the use and removal of a cage from within the chamber. For all trials, CO, levels in the chambers peaked between 50%
and 80%. After the gas was turned off, the concentration of CO, dropped to below 10% CO, within 2 min, except when the
lid was left on the chamber, where concentration levels remained above 10% after 20 min. CO, dissipation was significantly
faster when the chamber was turned upside down after filling. Significant interaction effects occurred among the factors of
cage presence within the chamber, flow rate, and chamber position. Only leaving the lid on the chamber had any practical
implication for delaying CO, dissipation. We recommend that users allow 2 min for CO, to clear from the chamber before

subsequent euthanasia procedures, unless the chamber is manipulated to increase the dissipation rate.

The American Veterinary Medical Association guidelines for
the euthanasia of animals provide new recommendations for
the use of CO, for rodent euthanasia.”! Rodent euthanasia with
CO, by using a gradual 10% to 30% vol /min displacement rate is
considered acceptable with conditions.?! The AVMA regulations
additionally clarify that immersion of conscious animals into a
container prefilled with 100% CO, is unacceptable.2!

Justification for the recommendation is based on several re-
ports in the literature showing aversion and pain associated with
high CO, levels in mice>31422 and rats 368141718 [n addition,
other studies have revealed the complexity of the signs associ-
ated with the use of CO, as both an anesthetic and euthanizing
agent.#7162023.24 Mice exposed to levels of CO, above 50% had
pulmonary lesions including edema and hemorrhage.® Rats
found CO, concentrations of 13.0% t018.4% aversive and were
more likely to leave an area with these CO, levels.”! Similar
results are found in people. At CO, concentrations of approxi-
mately 8%, dyspnea begins in humans and becomes severe at
15%.1> Humans had mild pain when exposed to 50% CO, and
experienced more pain at higher CO, concentration levels.®

The current study examines how to practically implement
the euthanasia recommendations?! by establishing the time
required for CO, dissipation, thus ensuring that animals are
not placed into a chamber filled with 100% CO,. This concern
arose because a common necessity in many research facilities
is to euthanize mice in sequential batches. CO, is heavier than
air (specific gravity, 1.52), thus diffusion of the gas from a eu-
thanasia chamber can be prolonged. The aim of this study was
to identify how long it would take, after one group of mice
had been euthanized, for the CO, in a euthanizing chamber
to dissipate before a second animal or group of animals could
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be put into the chamber. Several variables (flow rate, chamber
position, whether the lid was left on, and whether a cage was
in the chamber) were examined to measure the time for CO,
dissipation. We hypothesized that the dissipation of CO, to an
acceptable level would take less than 1 min and that sequential
events would not be delayed unduly because of the new AVMA
recommendation.

Materials and Methods

Equipment. The euthanasia chamber tested was a 22-L trans-
parent polycarbonate shoebox cage (44 cm x 23.5 cm x 21 ¢cm)
with an acrylic glass lid that had two 1-cm holes for CO, input
and gas escape. In some experiments, a mouse shoebox cage
(5.8 L, Allentown Caging, Allentown, NJ) was placed inside the
chamber to model euthanasia of a mouse in its home cage. An
indoor-air, 0% to 100% CO, meter (CM-0003, CO2meter.com,
Ormond Beach, FL) with accuracy of +30 ppm and 5% of the
measured value was used to measure CO, levels. The meter
consisted of 2 tubes, one for the intake of gas and one for the
return of gas to the chamber. These were placed under the lid,
and measurements were taken at the bottom of the chamber.
Measurements were delayed approximately 7 s, the time it took
for the gas to travel through the tube to the sensor. Compressed
CO, gas was provided from a cylinder (Weiler Welding, Mo-
raine, OH) and controlled by using a regulator (Western Medica,
Westlake, OH). There were 8.8 room air changes hourly, and the
room pressure was negative to the corridor.

Preliminary testing. Previous studies®''® and a preliminary
test of our system were used to determine the length of time
needed for the CO, gas to reach a peak level. Several studies
have shown that CO, displacement at 20%/min produces
unconsciousness in about 106 s;%911¢ the time to onset of un-
consciousness increased to 156 s when 10%/min was used.?
The lengths of time to unconsciousness and death were exam-
ined to model real-time mouse euthanasia. The preliminary
data were obtained by using IACUC-approved protocols. Gas
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Table 1. CO, levels in a 22-L. chamber

CO, dissipation from euthanasia chamber

Chamber turned Peak CO, Time (s; mean * 1 SD) needed after the gas was turned off for CO,
over after CO Cage in Flow rate (%; mean + concentration to fall below the indicated concentration

2 ; +
turned off? chamber? Lid (L/min) 1SD) 50% 30% 20% 10% 1%
No No On 3 59 + 5ab 363 £ 1512 960 + 1692 1125%¢ >12002f >1200f
No No Off 3 59 + 1ab 45+ 16° 59 +19b 65 * 19b<c 72 +19bc 109 + 19bc
No Yes Off 3 59 + 2ab 19 £ 9¢ 386 44 + 6° 54 + 6¢ 91 £ 7¢ed
No No Off 3-10 66 £ 5Pc 68 £ 20P 79 £ 18P 85+ 19° 92 £ 19° 128 £ 19°
No Yes Off 3-10 76 £ 24 46 +2b 57 £ 5P 63 + 8bc 69 £7¢ 108 + 6be
Yes No Off 3 56 + 5 8 + 5¢d 15+ 04 19 +2d 26+ 74 73 + 34
Yes Yes Off 3 59 + 2ab 9+2d 13 + 34 17 + 54 26+ 74 82+ 164
Yes No Off 3-10 71 + 704 9+2d 14 +2d 20+ 04 27 +34 77 +3d
Yes Yes Off 3-10 79 24 11 +2¢4 16+ 24 21 424 30 +0d 81+ 64

Values in the same column with different superscript letters (a through d) differed significantly (P < 0.05 with adjustment for multiple compari-

sons) from each other.

©2-trial average; the other 3 trials were > 20 min (actual time not observed).

fData collection stopped 20 min after CO, was turned off.

exposure times for euthanasia were determined based on these
preliminary results (data not shown) and were consistent with
previous reports. 2621116

Testing procedure. All trials were conducted without animals
in the chamber. Two flow rates were analyzed to model the most
common euthanasia techniques. In the first paradigm, the CO,
gas cylinder was turned on for 7 min to a flow rate of 3 L/min
(about a 15% fill rate of 100% CQO,), replicating a continuous,
slow, fill rate. The second method (3 to 10 L/min) consisted of
a flow rate of 3 L/min of 100% CO, for 2 min followed by 10 L/
min (about a 50% fill rate) for 3 min, replicating a slow fill rate
until a mouse was rendered unconscious and followed by a fast
fill rate. At the end of each trial, the CO, was turned off and,
except for the lid-on experiment, the lid was removed 15 s later.
Four variables were assessed during the study: chamber posi-
tion (turned over or not); cage in the chamber until lid removal
(yes or no); lid (on or off); and flow rate (3 L/minor3to 10 L/
min). For the trials in which the chamber was turned over, the
inversion was performed right after the lid was removed. The
chamber then was placed so that 17.8 cm (40% of its length)
extended over the counter edge in all upside-down trials. Five
trials were done for each combination of variables. With the lid
on, only a 3 L/min flow rate was assessed.

The chamber CO, concentration was at or below 0.05% before
a trial started. Measurements were collected every 15 s until
the lid was removed. After lid removal, the CO, concentration
within the chamber was recorded every 5 s until the CO, con-
centration fell below 1%. The time for dissipation was measured
as the time elapsed from peak CO, to 50%, 30%, 20%, 10%, and
1% CO, concentrations. The trials in which the lid remained on
were stopped at 20 min, because the chamber CO, concentration
did not reach 10%.

Statistical analysis. Statistical analyses were done by using
SAS software (version 9.3, SAS Institute, Cary, NC). Prior to the
interpretation of results, data were checked for normality and
homogeneity of variance. Data that were in violation were trans-
formed before additional testing. The outcome variables were
peak CO, and time from peak CO, to specified dissipation level.
t-tests were used to compare mean time to dissipation levels of
50%, 30%, and 20% for lid on compared with lid off at the 3L/
min flow rate. For the remaining tests, means were compared
by using 3-way ANOVA involving factors of cage presence,
chamber position, and flow rate. Significant interaction effects
were analyzed, followed by significant main effects that were

not involved in any significant interactions. Significance was set
at oo = 0.05, and, where appropriate, the location of significant
effects was determined by using a Tukey post hoc test. Data are
presented as group mean + 1 SD.

Results

Peak CO, values in the chamber occurred at the completion
of filling the chamber (5 or 7 min) and ranged between 50% and
80% (Table 1, Figure 1). The average peak for the experiments
using 3 L/min flow rates was 59% and for the 3-10 L /min flow
rates was 70%. These values represent a significant (P < 0.0001)
increase due to flow rate. In addition, there were significant
2-way interactions between flow rate and cage (P = 0.0092) and
between flow rate and chamber (P = 0.0453; Table 1).

We also examined the time needed for CO, levels within the
chamber to drop below 50%, 30%, 20%, 10%, and 1% after the
gas was turned off (Table 1). For all CO, concentrations, there
was a significant delay in CO, dissipation when the lid was
left on compared with when the lid was removed (P < 0.009).
The time for dissipation when the lid was left on was 6 min to
reach 50% and more than 20 min to reach 10% (Figure 1). When
the lid was removed, dissipation to 50% CO, took less than
1 min for most experiments, dissipation to 10% took less than
1.5 min, and dissipation to below 1% CO, occurred within
2 min for most scenarios (Table 1).

There were only slight variations in the patterns of signifi-
cance as CO, dissipated. There was a main effect of turning the
cage over in the effect on dissipation. The mean time to CO,
dissipation was faster when the chamber was turned upside
down (P <0.0001), except for nonsignificant comparisons at the
50% and 1% level. In the trials with the cage turned over after
the gas was turned off, the CO, dissipated to below 10% in 30
s or less. In comparison, the dissipation rate to 10% CO, was 2
to 3 times longer when the chamber was not inverted. When
the chamber was left in a normal position, inserting and then
removing a cage from the chamber and using the low flow rate
led to the fastest dissipation of CO,. In contrast, using a high
flow rate and an empty upright chamber had the slowest CO,
dissipation rate. Significant differences in CO, dissipation in
the upright chamber are presented in Table 1.
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Figure 1. CO, concentrations in a 22-L euthanasia chamber. Data col-
lection started when the gas was turned on. The time at which the gas
was turned off is time 0. CO, levels in the chamber dropped rapidly
after the CO, was turned off in all experiments in which the lid was
removed. L, lid on; O, lid off; N, no cage in chamber; C, cage in cham-
ber; 3, CO, flow rate of 3 L/min; 10, CO, flow rate of 3-10 L/min; R,
chamber right side up; D, chamber upside down.

Discussion

CO, is a favorable agent because it induces rapid loss of
consciousness® and rapid onset of death.!” However, the AVMA
recommendations for its use stipulate that placement in 100%
CO, is unsatisfactory. We were concerned that after using a
dedicated euthanasia chamber for one group of animals, the
level of CO, left in the chamber would delay subsequent eutha-
nasia efforts. Using our described methods, we found that the
levels of CO, never achieved 100% in the chamber. This result
is likely due to the short exposure times (5 or 7 min of CO, in-
put) and to escape of CO, from the chamber through the small
openings in the lid and the gap between the lid and chamber.
Because CO, peaked between only 50% and 80%, subsequent
euthanasia events would meet the AVMA guidelines because
no rodents would be immersed into 100% CO,. However, we
do not believe this result meets the intention of the regulation,
and we speculate that the intention was to minimize pain as-
sociated with high levels of CO,. This notion is corroborated by
a consensus report on CO, euthanasia, which stated that it is
more important to avoid or minimize pain and distress than to
ensure a rapid loss of consciousness.® This statement is repeated
in the 2013 AVMA Euthanasia Guidelines.?!

To avoid pain, it is clear that CO, concentrations must be at
least below 50%.° Pain thresholds for CO, were found to average
47% in a study of 12 human subjects exposed in both ascending
and descending series of exposures.! Interestingly, the duration
of CO, pulse exposure did not affect pain ratings.! Distress re-
lated to dyspnea typically occurs between 7% and 15% CO, in
people.!%15 Adult male Wistar rats showed increasing behavioral
alterations indicative of aversion likely due to dyspnea and not
pain at 15% CQO, in a study that used an approach-avoidance
test to assess responses to CO, exposure.!® Rats were given food
rewards in a chamber with CO, or they could leave the area.
The rats had minimal alteration in food consumption at 5% or
10% CO, compared with normal air. However, when CO, was
15%, there was a reduction in food consumption, and the rats
avoided the CO,-filled area.’ At 20% CO,, rats immediately
departed the chamber without eating.!® In another study, rats
spent less time in cages when the CO, level was as low as 3%
compared with adjacent cages with normal CO, levels.?® It is
unknown whether the reduction in time spent in the areas is
due to pain or distress. It should be noted that mice can detect
CO, levels at near-atmospheric conditions.!?

Therefore to avoid aversive and/or painful CO, exposure
levels, it appears important to reduce the concentration of CO, to

10% or lower prior to introduction of an animal to the euthanasia
chamber. In our current study, we examined the time required
for a 22-L chamber to reach 50%, 30%, 20%, 10% and 1% CO,.
When the lid was removed, the decline in chamber CO, was
rapid in all cases, leading to concentrations of 10% CO, or lower
typically within 30 to 90 s. The slowest reduction in chamber
CO, occurred when the chamber was left undisturbed and did
not contain a cage and the gas was turned up from a 15% /min
fill rate to 50% /min fill rate. Under these conditions, there was
a moderate delay in dissipation until the CO, started mixing
with the air. We found that CO, dissipation to less than 10%
was faster when the gas fill rate remained at 15%/min, when
a cage was removed from the chamber, and when the chamber
was turned over. In fact, turning the chamber over and placing
it over the edge of the counter led to the fastest dissipation of
CQO,. These results are logical, given that (1) a slower CO, flow
rate leads to a lower peak concentration and faster dissipation;
(2) the removal of a cage causes mixing of the air due to the
motion of the removal, thus enabling faster dissipation; and (3)
CQ, is heavier than air, such that turning over the chamber leads
to better mixing of air and CO, and thus improves dissipation.

There were several minor limitations of the study. First was
the delay in measurement due to the tube length to the monitor;
this feature delayed all readings by 7 s. In addition, no animals
were present in the chamber during testing, a factor that affects
the volume of the chamber and total CO, present in the chamber.
However, we believe that the contribution of having mice in the
chamber would have a negligible effect on these experiments.
In addition, the act of removing animals from the chamber after
euthanasia was not modeled. In light of the increased dissipa-
tion rate of the CO, in response to cage removal from inside the
chamber, we believe that the actions of reaching in and removing
euthanized animals would speed dissipation. Another variable
that affected measurements was the small gap between the
chamber and lid that was created by the insertion of the tube
for measurement. The opening probably allowed increased gas
escape and reduced the peak CO, levels in the chamber. We feel
that none of these limitations significantly altered the results.

In conclusion, we found that CO, cleared from the euthanasia
chamber within 90 s, and this time was decreased to as little as
30s by any movement of air around or into the chamber. We
recommend that users allow a short period of time (maximum,
2 min) for CO, dissipation between the euthanasia of 2 groups
of animals. The duration of this delay depends on the technique
used to clear the chamber, the chamber size, and the surface area
of the chamber opening.
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