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EURCAW-Pigs received a question from a veterinary inspector at a government of one of the
Member States:
Context: Some farmers are not able or willing to kill sick or injured piglets by manual blunt force
trauma and bleeding procedures. One alternative method for these could be killing piglets with
CO2. The method seems to be reliable regarding the process, and it is easier for the farmer to put
a piglet into the box instead of using physical force against the animal. But can these benefits
justify the respiratory distress under high levels of CO 2 for the animal? Accordingly, the question
is:
• With regard to euthanasia of piglets on farm, what are the advantages and disadvantages
in terms of animal welfare of killing with high levels of CO 2 versus a manually applied blunt
force trauma?
Answers
Several EURCAW experts contributed to the response below. The EURCAW secretariat did the final
editing, and may be contacted for queries: info.pigs@eurcaw.eu.
In short the answer is:
• Blunt force trauma in piglets by the manual delivering of a blow to the forehead with a
hard object or hitting the head towards a hard surface are entirely manual processes and
prone to error. It requires a level of skill that stockpersons and veterinarians may not
necessarily possess, especially if they infrequently perform the procedure. This method is
less reproducible between animals and there is significant risk of causing incomplete
concussion, and therefore it is not recommended as an on-farm killing method (EFSA
2020).
• Mechanically operating devices have been developed and demonstrated as an
alternative and more standardized method. These would include producing an immediate
stun followed by death in piglets up to 10 kg with non-penetrative captive bolts and in
piglets up to 30 kg with penetrating captive bolts. Please note that the use of the nonpenetrating bolt shot has not been approved in pigs under Council Regulation (EC) No.
1099/2009. This weight specification when using the penetrating captive bolt guns
modified for piglets is based on the first study conducted on these devices by Meier (2020).
For the use of the penetrating captive bolt there is no legal weight restriction.
• Exposure to gasses or gas mixtures will not lead to immediate onset of unconsciousness.
The induction phase is leading to a period of stress or discomfort. When placed in a prefilled
container with >80% carbon dioxide it will take 22 s (in 80% CO2) resp. 15 s (in 90% CO2)
until loss of posture (Raj and Gregory, 1996). During this time, animals are experiencing
respiratory distress due to CO2. Therefore, measures that can be implemented to decrease
the length of the induction phase (e.g. prefill method) or to reduce aversiveness (e.g.
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mixing carbon dioxide with inert gases) should be sustainably considered when
implementing gas killing methods.
Background
Farmers are responsible to take care of sick and injured animals and in this regard, euthanasia is
applied to animals that are injured or have a disease associated with severe pain or suffering and
where there is no other practical possibility to alleviate this pain or suffering (EFSA 2020).
Different methods are allowed (Council Regulation (EC) No. 1099/2009) and available for farmers
to be applied by the farmers themselves. The available killing methods suitable for piglets can be
mechanical methods and exposure to gas mixtures, both having advantages and disadvantages.
Mechanical killing methods: The principle is the induction of brain concussion resulting in
unconsciousness through the impact of a penetrative captive bolt, non-penetrative captive bolt, a
hard object used to deliver a percussive blow to the head or blunt force trauma. Penetrative
captive bolt is followed by pithing. Percussive blow to the head must be followed by a killing
method (Council Regulation (EC) No. 1099/2009) which in practice will be bleeding.
In practice for neonatal piglets blunt force trauma or a percussive blow to the head is performed
in most cases. Important advantage of blunt force trauma is that it is a non-expensive method
that can be applied in all farms at all locations. There is no need for (expensive) equipment. More
important, when it is performed well it will induce immediate loss of consciousness and in cases
it can be irreversible. However, blunt force trauma in piglets by the manual delivering of a blow
to the forehead with a hard object or hitting the head towards a hard surface are entirely manual
processes and prone to error. It requires a level of skill that most stockpersons and veterinarians
would unlikely possess if they infrequently perform the procedure. If piglets are not hit on the
frontal-parietal bones, the method will fail to induce unconsciousness and will cause severe pain.
Lack of skilled operators, operator fatigue and poor restraint, and wrong choice of the tool to
deliver the blow can lead to incorrect application of blow to the head. This method is less
reproducible between animals and there is significant risk of causing incomplete concussion, and
therefore it is not recommended as an on-farm killing method (EFSA 2020). Another important
disadvantage is that the method needs to be followed by bleeding as a killing method. Bleeding
animals often meets resistance of farmers.
As an alternative and more standardized method, mechanically operating devices using
cartridge driven or air-pressure driven non-penetrative and penetrative captive bolts have been
developed to induce brain concussion with immediate loss of consciousness. The nonpenetrative captive bolt (NPCB), applied in a frontal-parietal positioning, has been
demonstrated as a viable method of producing an immediate stun followed by death in neonatal
piglets (“Cash Small Animal Tool”, average dead weight 1.20 ±0.58 kg (standard deviation), Grist
et al., 2018b) and in piglets up to 10kg (e.g. “Cash Dispatch Kit” and “Zephyr EXL”, Accles &
Shelvoke, UK; Woods, 2012; Kluivers-Poodt et al., 2014; Grist et al., 2017; Grist et al., 2018a).
According to the results of these scientific studies, the advantage of this method is that stunning
and killing of the piglets could be achieved in one step without an additional subsequent killing
procedure (one-step procedure). However, to date, use of the non-penetrating bolt shot has not
been approved in pigs under Council Regulation (EC) No. 1099/2009.
Penetrating captive bolt (PCB) guns have also been further developed for use on piglets.
According to a first study by Meier (2020), using two such modified cartridge-driven penetrating
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captive bolt guns, 98.5% of the animals up to 30 kg body weight (n = 198, weight: 0.48-39 kg)
were successfully euthanized in one step despite minor deviations in the targeted shooting position
in 24% of the animals. The appropriate shooting position for suckling piglets was approx. 1-2 cm,
for larger piglets approx. 3-3.5 cm above eye level in the median with the shooting direction as
parallel as possible to the longitudinal body axis in direction to the tail. The modified captive bolt
devices were equipped with a bolt that was relatively long in relation to the size of the head (for
piglets up to 5 kg “Drei Puffer”, now called “Ferkelblitz”, bolt exit length: 5.3 cm; for heavier pigs
up to 30 kg: “Blitz Kerner”, bolt exit length: 8.3 cm; each used with green cartridges; turbocut
Jopp GmbH, Germany). The combination of such a bolt with the correct shooting position is
intended to cause the death of the animal by destroying the brain stem as a result of the entering
bolt (similar to the effect of pithing) and without a subsequent killing procedure. Animals weighing
up to 2.5 kg were restrained using a specially developed head restraint, while heavier animals
were restrained in a commercially available load-securing net for vehicles. For the correct
positioning of the captive bolt device on the head of the piglet in the net, a 90° angle between
forehead and the neck was necessary. Disadvantages of the method may be the strong convulsive
activity after the shot for about two minutes (in 94.1% of piglets) and the release of blood from
the gunshot wound. The latter may contribute to the rejection of the method by users and
bystanders (Meier, 2020). Most of the animals died directly after application of the modified
penetrative captive bolt. However, according to Council Regulation (EC) No. 1099/2009, a killing
procedure needs to be applied immediately after the shot.
For the effective application of these mechanically applied non-penetrating and penetrating
methods, a correct positioning of the device, a good restraint of the piglet and the application of
correct captive bolt parameters are crucial. These include e.g. velocity and bolt mass for NPCB
resp. velocity, exit length and diameter of the bolt for PCB (Grist et al., 2018a; Grist et al., 2018b;
EFSA, 2020). The latter requires appropriate equipment that is ready to use and regularly
maintained. The manual restraint for the immobilization of the piglet and its head may lead to
pain and fear (EFSA, 2020). Wrong placement of the device due to lack of skills of operators and
staff training, operator fatigue and poor restraint of the animal as well as insufficient bolt
parameters (e.g. low cartridge power, low bolt velocity) will fail to induce unconsciousness and
will cause severe pain due to the impact of the bolt on the skull (Grist et al., 2018a; 2018b; EFSA,
2020). Please note that the captive bolt techniques require levels of skill that most stockpersons
and veterinarians are not likely to have, as until now, these mechanically methods have mainly
been used in research and not routinely on farms to euthanize piglets.
Exposure to gas mixtures: The principle of killing by gas mixtures is that animals are
individually or in a group exposed to gas mixtures in containers or to a gas-filled foam. Different
gas mixtures can be used to kill piglets on farm which are carbon dioxide in high concentrations,
inert gasses such as nitrogen and carbon dioxide – nitrogen mixtures. The main advantage of
killing by using gasses or gas mixtures are that animals are placed in a controlled gas atmosphere
that induces unconsciousness followed by death. The methods are, when the exposure time and
gas concentrations are right, very reliable. The lower the CO2 concentration or higher the residual
oxygen in inert gases the longer the time to induce death. Furthermore, the method is not prone
to manual handling or operator skills or fatigue. Since, the method is applied in a box the methods
can be less confronting for operators.
Since exposure to gasses or gas mixtures will not lead to immediate onset of unconsciousness the
induction phase is leading to a period of stress or discomfort. Exposure to high levels (>40%) of
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CO2 will lead to respiratory distress and painful irritation of mucous membranes in nose and mouth
(Raj and Gregory, 1996; Velarde et al., 2007; Terlouw et al., 2016). Exposure to anoxic gasses
or mixtures can lead to air hunger. In all gasses the period between starting to be affected by the
gas, i.e. getting drowsy, and the moment of loss of consciousness will go with difficulties to remain
balance or a sitting or standing position which will lead to resistance and efforts to remain position
and consciousness. This period can be seen as a stressful or a period of fear during the induction
phase. The period of discomfort during exposure to gasses for killing depends on the gas
concentration, in particular of CO2. Rapid filling of the gas container after animals are placed in
the container or prefilling the gas container will reduce the duration of the induction phase and
thus the potential period of discomfort. When placed in a prefilled container with >80% carbon
dioxide, it will take 22 s (in 80% CO2) resp. 15 s (in 90% CO2) until loss of posture (Raj and
Gregory, 1996). For this time, as a result of the delayed onset of the anesthetizing effect of CO2,
animals consciously perceive respiratory distress (Troeger, 2008). Mixing carbon dioxide with inert
gases (e.g. argon, nitrogen) may not shorten the induction phase, but it may mitigate the severity
of respiratory distress (Raj and Gregory, 1996). Such mixtures with a residual oxygen content
below 2% proved to be less aversive than carbon dioxide in high concentrations (Raj et al., 1997;
Dalmau et al., 2010b; Llonch et al., 2012). Argon in high concentrations has not been shown to
be advantageous over CO2 in high concentrations for euthanasia of piglets (e.g. increased time to
loss of posture, increased duration of open mouth breathing and ataxia, increased prevalence of
righting attempts and a prolonged time to respiratory arrest; Sutherland, 2011; Sadler et al.,
2014). Nitrogen has a lower relative density than air and is therefore less stable in high
concentrations in an open system (Troeger et al., 2004; Dalmau et al., 2010a,b). Its application
in high concentrations therefore requires, for example, foam as a carrier. For an overview on gaskilling of piglets with gases, gas mixtures as well as gas-filled foam, we refer to the recently
published EURCAW Review on euthanasia of suckling piglets on farm (Wilk et al., 2021).
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