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CO2 euthanasia methods for neonatal piglets
Deborah Murray, DVM

Introduction
The current AVMA accepted methods of euthanasia for 
neonatal piglets include blunt trauma, CO2, anesthetic 
overdose, and electrocution. Electrocution is an effective 
method, however, it is not widely used due to the dangers 
associated with it. Anesthetic overdose is also an effective 
method which can only be utilized by a licensed veteri-
narian. Blunt trauma is arguably the most widely used 
method. Due to the aesthetics of the procedure, as well as 
employee reluctance to perform the method, a swift and 
effective, method that minimizes distress to the piglet 
is sought after to replace blunt trauma. Although CO2 
euthanasia for the neonate is an acceptable method, the 
length of time that it takes for expiration to occur as well 
as the struggling the piglets exhibit prior to expiration is 
concerning to employees performing and observing the 
procedure. There are many variables of CO2 euthanasia 
that have not been well defined in the pig such as flow rate, 
chamber size, as well as type of chamber. The flow rate of 
CO2 appears to be somewhat dependent upon the eutha-
nasia chamber size. According to the AVMA Guidelines 
on Euthanasia, June 2007, “an optimal flow rate should 
displace at least 20% of the chamber volume per minute. 
The loss of consciousness may be induced more rapidly 
by exposing animals to a CO2 concentration of 70% or 
more by prefilling the chamber for species in which this 
has not been shown to cause distress.” According to this 
information there would appear to be a wide range in 
possible flow rates. In previous studies involving rats, 
euthanasia was evaluated in a precharged (100% CO2) 
chamber compared to CO2 euthanasia that utilized a 
chamber fill time of 5 minutes. Researchers found “no 
behavioural evidence of pain or distress in either groups 
during euthanasia.”1 We wanted to take a closer look at 
the behavior the piglets exhibited based on different CO2 
flow rates a well as chamber types and sizes.

Materials and methods
We looked at several different aspects of CO2 euthanasia 
that minimize distress and decrease the length of time 
until death for the neonate. For the purposes of our analy-
ses, a neonatal pig was defined as 3 days of age or less. 
The majority of neonatal euthanasia candidates were also 

2 pounds or less. The goal of our evaluations was also to 
find a method that would allow farm staff to euthanize 
piglets 100% of the time with a simple, standard protocol 
that minimized the chance of human error.

The first method involved the concurrent use of Nitrous 
Oxide gas along with CO2. The second method looked at 
different sized CO2 chambers as well as flow rates. The 
third looked at a complete euthanasia system used for 
rodents and other laboratory animals.

Nitrous Oxide gas is currently widely used in veterinary 
medicine as well as in human dentistry. Known proper-
ties of nitrous oxide gas include; increase in the uptake 
of a second gas, analgesia, and increased density when 
compared to room air (which can cause death when a high 
concentration is inhaled for an increased length of time 
displacing the oxygen in the lungs). There is no known 
mixture of carbon dioxide and nitrous that minimizes 
euthanasia distress and time. We evaluated a mixture of 
20% Nitrous Oxide and 80% CO2, in addition we used 
100% CO2 as a control.

The initial CO2 chamber was constructed using a flat 
topped, 411 liter (108.5 gallons), feed type cart (39.25 
inches × 18.25 inches × 35 inches), a Plexiglas top (to 
visualize the euthanasia process and evaluate time to 
unconsciousness), 3/4 inch gas tubing, and a gas type 
quick coupler to connect the gas tubing to the cart. Light 
pressure was applied to the Plexiglas on the top of the 
cart to provide some tension while still allowing gas to 
be released. The gas rate was controlled using a welding 
type regulator (flow rates measured in cubic feet per hour) 
and no regulator at all. Due to the lack of a tight seal on 
the top of the container the excess gas was able to escape 
around the lid. This chamber was selected because it 
was easily moved, cleaned, and also could potentially be 
used for larger nursery aged pigs. Initially, the gas flow 
rate was set at approximately 85-90 cubic feet per hour. 
This allowed for very rapid filling of the chamber. The 
concentration of 100% CO2 gas was evaluated first as 
a baseline. The time on for the CO2 gas was 5 seconds, 
30 seconds and 1 minute respectively. Two piglets were 
evaluated at each CO2 time on period. All six 1 day old 
piglets were anesthetized, however death did not result 
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even after 45 minutes in the CO2 chamber. Once the 
animals were removed, they regained consciousness. The 
regulator was then removed, allowing the gas to flow at 
a high rate and the euthanasia process was repeated with 
two 1 day old piglets. The CO2 was turned on for 10 
seconds. The piglets were again anesthetized and death 
did not occur even after approximately 45 minutes. The 
mixture of 20% nitrous oxide was then evaluated. The 
regulator was again removed and the gas was allowed to 
flow at a high rate. Sixteen piglets were evaluated. Death 
occurred at approximately 30 minutes for 9/16 piglets. In 
6/16 piglets death occurred between 1 and 2 hours. In one 
piglet, death still had not occurred at 2 hours.

The second method evaluated 100% CO2 gas to euthanize 
the neonate using a smaller sealed container. Materials 
included a 242 liter (64 gallon) cooler on wheels, a welding 
type regulator (which has flow rate of 0 to 90 cubic feet per 
minute), 3/4 inch gas tubing, and a gas type quick coupler. 
A five inch square hole was cut in the top of the cooler 
and replaced with Plexiglas to allow for evaluation of the 
piglets during the euthanasia process. The CO2 flow rate 
was set at 85-90 cubic feet per hour. The CO2 was allowed 
to run for 30 seconds. The top of the cooler was slightly 
displaced which allowed room air to escape as the CO2 
was filling the chamber. When the gas was turned off a 
weight was placed on the top of the cooler to keep the cover 
in place and the container sealed. This method resulted in 
a 20-30 minute time until death of the neonate.

The third system that was evaluated had been previously 
used in a laboratory setting for euthanization of small 
laboratory rodents, however, it had not been used for 
pigs. The materials for this system included both a heated 
and non heated regulator, 1/4 inch gas tubing, a “Smart 
Box™” automated CO2 laboratory control unit, gas type 
quick couplers and a plastic 106 liter chamber (18inches 
× 24inches × 15inches). The regulator was connected to 
the Smart Box™ and the smart box was connected to the 
plastic chamber. There was a 1/2 inch exhaust hole placed 
in the plastic chamber as well. The Smart Box™ allows for 
the “time on” for the CO2 to be preset. The controller then 
simply pushes the start button which turns the system on. 
Gas flow rates evaluated varied from 45 to 76 cubic feet per 
hour. Time on varied from 8 to 15 minutes. With a time on 
in excess of 10 minutes the regulator began to freeze up 
and a heated regulator was necessary to deliver an accu-
rate flow rate of CO2. The average time until death of this 
system was 13 minutes. This system, although simple, did 
not appear effective due to the excessive time on required 
of the gas. A second 90 liter plastic chamber was then 
constructed with an air tight lid and a 1/4 inch air escape 
hole. The flow rates evaluated included 38 cubic feet per 
hour, 47.5 cubic feet per hour, 57 cubic feet per hour, 67 
and 76 cubic feet per hour. These flow rates correlated to 

20%, 25%, 30%, 35% and 40% of the chamber volume 
filled per minute respectively. Time on ranged from 3 to 
8 minutes. Other parameters that were evaluated include 
temperature and relative humidity. The average time until 
death of the neonate was 5 minutes.

Discussion
With the first method, the large size of the cart as well as 
the lack of a good seal on the top prolonged euthanasia of 
the neonate. From an observational standpoint the Nitrous 
Oxide combination did not appear to have a significant 
effect on piglet distress or time until death. Due to length 
of time it took for euthanasia to occur it was apparent 
this would not be a functional method for euthanasia 
of the neonate. A much higher concentration of Nitrous 
Oxide may have resulted in a reduced time till death and 
reduced struggling however this method was not tested. 
Other challenges combinations of gas pose are; the high 
costs associated with purchasing a blended product, risks 
of theft or mishandling of Nitrous Oxide if the Nitrous is 
blended on the farm, and a DEA license is a requirement 
for the purchase the Nirous Oxide.

The second method (100% CO2 in a small, sealed con-
tainer) was adopted by the farm as their sole method for 
piglet euthanasia for a 1 month time period. The sow farm 
population was 3000 head experiencing 12% prewean-
ing mortality. Employees would euthanize piglets twice 
per day, once in the morning and once at the end of the 
day. Most days only 2 batches of piglets were euthanized 
however some days did require a third batch. Caution was 
taken to prevent piling by only filling the chamber with 
an appropriate number of piglets. Employees reported that 
they felt the method was superior to blunt trauma and the 
method was easy to use. In that time period only one 50 
pound tank of CO2 was used.

The testing of the third method is ongoing and will be more 
extensively discussed during the presentation. Preliminary 
results show this method to be extremely effective and 
repeatable with minimal chance for human error.

Based on the results of our evaluations it appears as though 
a smaller chamber will result in a decreased time until 
death. There did not appear to be a difference in piglet 
distress between 20% and 40% by volume filling of the 
chamber. A fill rate of 100% by volume did appear to 
increase piglet distress exhibited by increased excitatory 
behavior such as paddling.
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