	
	





Annex 24

USA COMMENTS IN BLUE FONT
 
CHAPTER 7.6.
ANIMAL WELFARE AT THE TIME OF KILLING FOR PURPOSES OTHER THAN SLAUGHTER
General Comment: This chapter has variable levels of detail regarding the various methods of depopulation, which can result in confusion as to when each is appropriate to use and in which species.  Recommend providing the same level of specificity for each depopulation method section, perhaps using a chart or table to clearly list various commodities and the suitability of using a specific method for them, with further clarification for particular production types, where needed (ex. Floor-reared, confined poultry—preferred methods includes whole-house gassing, foaming). For useful chart reference, see American Veterinary Medical Association. (2019). AVMA Guidelines for the Depopulation of Animals: 2019 Edition. https://www.avma.org/sites/default/files/resources/AVMA-Guidelines-for-the-Depopulation-of-Animals.pdf 
Recommend an update of this chapter’s reference list, as there is a need for more complete sources and/or newer research references, particularly for water-based foam, high-expansion nitrogen and ventilation shutdown with supplementation methods.



Article 7.6.1.
Introduction
Animals are killed for a variety of reasons, including those that may not make the transport for slaughter or the safe use of their products possible. Such reasons may include for contagious disease control, in cases where their welfare may be compromised due to of natural or man-made human-made disasters, when they are otherwise suffering from disease or injuries or for economic reasons. It is important to consider optimise their welfare during such killing for purposes other than slaughter this process. 
Article 7.6.2.
Scope
This chapter identifies hazards to animal welfare during killing for purposes other than slaughter and provides recommendations for the appropriate procedures for such killing. It provides animal-based and other measures to assess the level of welfare during the process and recommends appropriate remedial actions to be applied. 
This chapter applies to the killing of domestic and captive wild ruminants, equids, birds, pigs, rabbits, camelids and mustelids for all purposes, except for slaughter which is covered by Chapter 7.5. Animal welfare during slaughter mammals and birds (hereafter animals). Killing of reptiles is covered by Chapter 7.14.Killing of reptiles for their skin, meat and other products and killing of dogs for population management is covered by Chapter 7.7. The numbers of animals killed is situation dependent and could range from an individual to a large scale population.
This chapter should be read in conjunction with the guiding principles for animal welfare provided in Chapter 7.1.
Article 7.6.3.
General principles for the operations regarding the killing of animals
The decision as to whether to kill animals should not be delayed if there is any risk to the welfare of those animals. The recommendations in this Chapter are based on the premise that a decision to kill the animals has been made and they address the need to ensure the welfare of the animals until they are dead. 
During decision making and prior to killing the animals, appropriate husbandry, especially supply of feed and water and thermal comfort, should be maintained until the animals are killed. Medical care should be provided if needed.
Advanced planning for various scenarios, including adverse events, should clearly identify operational procedures and responsibilities. 
For large scale killing, specific plans should be in place. and adequate preparedness measures, such as resource procurement, personnel training and practice drills, taken to ensure ready access to higher-welfare methods of depopulation. 
RATIONALE: Preparedness is also important. For example, a plan to carry out whole house gassing may be in place, but without the necessary contracts with suppliers of gas tankers, the plan cannot be carried out. Training and practice drills are other examples of preparedness.
Supporting reference: APHIS. (2024). USDA APHIS Veterinary Services Emergency Preparedness and Response Training and Exercise Strategy and Plan. https://www.aphis.usda.gov/sites/default/files/vs-ntep.pdf

The decision maker should be clearly identified to ensure decision making is not delayed.
All personnel involved in the killing of animals should have the relevant skills and competencies, acquired through training or experience.
As necessary, operational procedures should be evidence-based adapted to the specific circumstances in the affected locations or on the premises and should address, apart from animal welfare, the cost, effectiveness, and the speed of implementation of the method, operators’ safety and mental health, biosecurity and environmental aspects relevant to the species.
During decision making and prior to killing the animals, normal husbandry, especially supply of feed and water, should be maintained until the animals are killed.
Animals might be killed on site or moved to a dedicated place for killing. The handling and movement of animals should be minimised and carried out in accordance with the recommendations described below.
When restraint is required Animal restraint it should be sufficient to facilitate effective killing, and in accordance with animal welfare and operator safety requirements. When restraint is required, and killing should follow without minimal delay. The type and size of restraint deployed should be appropriate for the age, size and species of animal to be killed. When herding or corralling is applied, a low-stress method using appropriate apparatus to facilitate the safe and effective killing of animals should be used.
Killing methods used should result in immediate death or loss of consciousness lasting until death. When loss of consciousness is not immediate, induction of unconsciousness should involve as little aversion as possible and should not cause avoidable distress, fear and pain. A backup procedure should be available and used  immediately to kill the animal if the first method does not result in death or unconsciousness.
RATIONALE: Recommend including “immediately” to reiterate the importance of earlier language that killing methods should result in immediate death or loss of consciousness, free of avoidable distress, fear and pain. Animals who are subjected to a killing method but not killed or rendered unconscious by it are at risk of experiencing pain, fear, and distress. They are also likely to be injured or debilitated. For example, survivors of captive bolt often have skull fractures, remain sensible to pain, and may be heard to bellow, moo, or groan (Kamenik et al 2019). Animals who survive airway obstruction may experience respiratory distress, and attendant fear and anxiety, due to post-obstructive noncardiogenic pulmonary edema (Unger & Martin 2023).
Supporting references: Kamenik, J., Paral, V., Pyszko, M., & Voslarova, E. (2019). Cattle stunning with a penetrative captive bolt device: A review. Animal Science Journal, 90(3), 307–316. https://doi.org/10.1111/asj.13168 
Unger, K., & Martin, L. G. (2023). Noncardiogenic pulmonary edema in small animals. Journal of Veterinary Emergency and Critical Care (San Antonio, Tex. : 2000), 33(2), 156–172. https://doi.org/10.1111/vec.13278 

Young animals should be killed before older animals on which they are dependent to reduce potential distress. 
Planning should take into account the order in which animals are killed. Where possible vulnerable animals should be killed as a matter of priority, which may include: 
•	groups with symptomatic animals, 
•	animals that are unable to obtain feed or water, 
•	animals that have compromised housing or are without shelter, 
•	young [REF] or unweaned animals should be killed before older animals on which they are dependent, 
•	potentially dangerous or aggressive animals, such as bulls, sows with litters, or boars, 
•	animals in late stage of pregnancy or in parturition, and 
•	animals in-utero may need to be humanelykilled following the killing of the dam if the amniotic sac is ruptured.
For disease control purposes and for biosecurity considerations, infected animals should be killed first, followed by in-contact animals, and then remaining animals.
There should be continuous monitoring of the operational procedures and corrective action to ensure they are consistently effective regarding animal welfare, operator safety and mental health and, biosecurity and environmental aspects.
RATIONALE: Recommend including “and corrective action,” to resolve any issues with operational procedures when monitoring shows they are not consistently effective. 

When large scale or disease control the operational procedures are concluded, there should be a debriefing session or written report describing the practices adopted and their effect on animal welfare, operator safety, biosecurity and responsible personnel. The debriefing session or written report should also describe and assess potential means by which (1) vulnerability to the circumstances necessitating large scale killing can be reduced, and (2) means by which negative animal welfare impacts can be reduced in the future. 
RATIONALE: This chapter (7.6) essentially refers to the “Response” phase of the Disaster Management Cycle, a cycle that also encompasses prevention, preparedness, risk mitigation, and recovery phases (Tulane School of Public Health 2023; Anthony & De Paula Viera 2022). To protect both animal welfare and human interests, it is important that entities involved in carrying out large-scale killing operations reflect upon those operations and make changes to potentially: (1) reduce risk that such operations will be needed in the future; and (2) ensure that negative animal welfare impacts will be minimized (Anthony & De Paula Viera 2022; Marchant-Forde & Boyle 2020; Grandin 2021). Including reflections in the debriefing session or written report would help ensure that, during the recovery phase of the disaster management cycle, any necessary changes will be enacted. 
Supporting references: Grandin, T. (2021). Methods to prevent future severe animal welfare problems caused by COVID-19 in the pork industry. Animals: An Open Access Journal from MDPI, 11(3), 830. https://doi.org/10.3390/ani11030830 
Marchant-Forde, J. N., & Boyle, L. A. (2020). COVID-19 effects on livestock production: A One Welfare issue. Frontiers in Veterinary Science, 7, 585787. https://doi.org/10.3389/fvets.2020.585787 
Tulane School of Public Health (2023). What is a Disaster Management Cycle?. https://publichealth.tulane.edu/blog/disaster-management-cycle/ 
Anthony, R., & De Paula Vieira, A. (2022). One Health animal disaster management: An ethics of care approach. Journal of Applied Animal Welfare Science: JAAWS, 25(2), 180–194. https://doi.org/10.1080/10888705.2022.2040360


Article 7.6.4.
Organisational structure for the operations regarding the of large scale killing or killing for disease control of animals
Plans for large scale killing or killing for disease control should contain comprehensive details, with veterinary oversight, to ensure preparedness and effective execution. These plans should address of responsibilities, management structure, contact details, disease control strategies, operational procedures and the acquisition and allocation of necessary equipment and resources. Pre-established contracts and supply agreements should guarantee timely access to critical resources. Animal welfare considerations should always be prioritized addressed as a priority in these plans. The plans should include a strategy to ensure that an adequate number of personnel competent in the killing of animals is available.
RATIONALE: Edits recommended to emphasize how supply chain disruptions, lack of needed equipment, and other obstacles can significantly hinder the ability to procure essential resources for preferred depopulation methods, such as the USA has experienced, at times, during the current HPAI disease event (2022-present). Additional edits recommended to improve clarity.

The personnel responsible for the handling, moving, restraining and killing the animals should follow the recommendations of this chapter.
In case of disease control, oOperational activities should be led by the Competent authority who has the authority to ensure the required animal welfare and biosecurity standards.
The Competent authority should nominate a responsible agent for all activities across one or more affected locations or premises who should be supported by coordinators for planning operations and logistics to facilitate efficient operations.
The nominated responsible agent of the Competent authority should provide overall guidance to personnel and logistic support for operations at all affected locations or premises to ensure consistency in adherence to the Terrestrial Code’s animal welfare and animal health recommendations.
A specialist team, led by a team leader answerable to the nominated responsible agent nominated by the Competent Authority, should be deployed to work on each affected location or premises. In some situations, When needed personnel may be required to fulfil more than one function. Each team should contain a competent veterinarian or have access to veterinary advice at all times.
Emergency plans should be in place and contain details of responsibilities, management structure, disease control strategies, operational procedures and necessary equipment and resources. Animal welfare considerations should always be addressed in these emergency plans. The plans should include a strategy to ensure that an adequate number of personnel competent in the killing of animals is available. 
Depopulation under disease control emergency plans should be performed under the supervision of Competent Authority and address any animal welfare issues that may result from standstill or any other animal movement restriction.
In considering the animal welfare issues associated with killing animals, the key personnel, their responsibilities, and competencies required are described in Article 7.6.5.
Whenever large numbers of animals are killed outside of slaughter or routine on-farm killing (end-of-lay hens), the country’s Competent Authority should be involved to protect the welfare of the animals. In other situations that do not necessarily involve the Competent Authority, the personnel responsible should follow the recommendations of this chapter.
RATIONALE: Changes to industrial farming mean that depopulation is becoming a regular part of animal agriculture in some countries, even absent of concerns about infectious disease. For example, flocks or herds may be depopulated because of bankruptcy, feed contamination, insufficient workforce, or reduced slaughterhouse capacity (USA references available upon request). Because humane care of animals is a public good (Mellor & Uldahl 2025), it is important that the Competent Authority oversee this process. 
Supporting reference: Mellor, D. J., & Uldahl, D. M. (2025). Translating ethical principles into Law, Regulations and workable animal welfare practices. Animals: An Open Access Journal from MDPI, 15(6), 821. https://doi.org/10.3390/ani15060821. 

Article 7.6.5. 
Responsibilities, training and competencies of the specialist team for the operations regarding the mass killing of animals
All personnel have a crucial role to play in ensuring good animal welfare conditions through to the killing. Training for all personnel should emphasise the importance of worker safety and animal welfare and their responsibility in contributing to the welfare of the animals.
RATIONALE: Recommend adding ‘worker safety’, because it should be an equal consideration to animal welfare.
Competencies may be gained through a combination of formal training and practical experience. These competencies should be assessed by the Competent Authority or by an independent body recognised by the Competent Authority
1. Team leader
a) Responsibilities
(i) plan overall operations on affected location or premises; 
(ii) 	determine and address requirements for animal welfare, operator safety and biosecurity; 
(iii) 	organise and manage team of people to facilitate killing of the relevant animals on the location or premises in accordance with national regulations and these recommendations;
(iv) determine logistics required;
(v) 	monitor operations to ensure animal welfare, operator safety and biosecurity requirements are met; 
(vi) 	seek and use veterinary advice;
(vii) 	report upwards on progress and problems; 
(viii) 	provide a written report at the conclusion of the killing operation, describing the practices adopted and their effect on animal welfare, operator safety, efficacy of biosecurity and environmental impact.
ix)  if last resort methods are employed, include in the debriefing session or written report planning and preparedness to enable future use of more humane alternatives
RATIONALE: This WOAH Code chapter (7.6), as well as many international guidelines, reflect that killing methods should result in immediate death or loss of consciousness and, when this is not possible, methods should not cause avoidable distress, fear, and pain. Last resort depopulation methods generally result in more animal distress, and it is important to minimize their use during mass depopulation events through planning and preparedness, allowing a transition to higher humane methods which keep animal welfare a priority. 
Supporting references: American Veterinary Medical Association (AVMA). (2020). AVMA Guidelines for the Euthanasia of Animals: 2020 Edition. AVMA. 
European Union Council Regulation (EC) No 1099/2009 on the Protection of Animals at the Time of Killing. Official Journal of the European Union, 2009.  

b) Training and cCompetencies
knowledge understanding of and experience with relevant animal husbandry practices and behaviour of the species, and knowledge of anatomical or physiological characteristics of the species that may impact the effectiveness and animal welfare impacts of potential killing methods; 
RATIONALE: Additional language recommended because knowledge of species-typical behavioral characteristics is essential for the team leader of a killing operation to possess (AVMA 2024). This includes considerations such as animals’ reaction to being separated from conspecifics or dependent young and the impact of handling and restraint on the animal. For some species, the effectiveness and animal welfare impacts of the killing method(s) will be impacted by unique anatomical or physiological characteristics of the species. 
Supporting reference: American Veterinary Medical Association. (2024). AVMA Guidelines for the Humane Slaughter of Animals: 2024 Edition. https://www.avma.org/sites/default/files/2024-09/Humane-Slaughter-Guidelines-2024.pdf

knowledge understanding of animal welfare, impact of , different killing methods, and the details, planning and implementation of the killing operation, ; and the underpinning behavioural, anatomical and physiological processes involved in the killing operation;
leadership and ability to skills to manage all activities on the location or premises and deliver outcomes on time; 
awareness of psychological effects on farmer, team members or person(s) in charge of animals [AVMA, 2019],  and general public; 
iv) v) awareness of fatigue effects on those carrying out repeated killing of large numbers of animals and on the effectiveness of the procedure [AVMA, 2019].
Iv) vi) ability to communicate effectively with different audiences communication skills; 
vi) vii) capacity to evaluate the environmental impacts caused by their operation.
2. Veterinarian
1. Responsibilities
1. advise on determine and supervise the implementation of the most appropriate killing method to ensure that animals are killed without avoidable pain and distress minimising pain, fear and suffering;
determine and implement any necessary the additional requirements for animal welfare, including the order of killing; 
ensure that confirmation of the death of the animals is carried out by competent persons as soon as possible at appropriate times after the killing procedure;
minimise the risk of disease spread within and from the location or premises through the supervision of biosecurity;
continuously monitor ensuring animal welfare and biosecurity during killing process; 
 collaborate with the team leader on the written report at the conclusion of the killing.
1. Training and cCompetencies
1. understanding of ability to assess animal welfare and ability to assess it;
1. Understanding knowledge of especially the effectiveness of the killing process and the ability to correct any deficiencies;
1. knowledge of the different killing methods and their impacts on animal welfare, and the underlying anatomy, physiological and behavioural processes involved in the killing operation.
1. ability to assess biosecurity risks.
3. Animal handlers
1. Responsibilities
1. review on-site facilities in terms of their appropriateness;
design temporary animal handling facilities, when required; 
move and restrain animals; 
report animal welfare and biosecurity issues to the veterinarian.
1. Training and cCompetencies
1. understand the species-specific behavioural patterns of the animals they are working with and the underlying principles for carrying out the required tasks;
ii) animal handling in emergency situations and in close confinement is required; capable to identify signs of distress, fear, and pain and to take preventive and corrective actions;
iii) understanding of biosecurity.
4. Personnel in charge of killing animals
1. Responsibilities
i) killing of the animals using an appropriate method in a manner that protects animal welfare;
RATIONALE: Additional language recommended to emphasize that personnel performing animal killing should be aware of important animal welfare considerations, for example, low stress handling techniques and performance of the killing technique in a manner that protects the animals from avoidable pain, fear, and distress.
ii)	 when applicable confirm the unconsciousness of the animals;
ii) confirm the death of the animals.
iii) report conscious and surviving animals to the veterinarian, team leader or appropriate official.
RATIONALE: If methods are not effectively killing the animals, the appropriate official should be informed.

1. Training and cCompetencies
1. Safely and correctly use and mainteainance of relevant equipment; 
1. Operate familiarity with the techniques of restraining and killing equipment for the species involved;
1.  knowledge ability to assess effective killing, to recognize signs of recovery of consciousness, and the skill to take immediate corrective action;.
5. Personnel in charge of disposal of dead animals 
1. Responsibilities
i) An ensuring efficient dead animal disposal so that (to ensure killing operations are not hindered) should be ensured
ii) understanding of biosecurity and ensuring compliance with Chapter 4.13
1. Training and Competencies
1. The personnel should be competent to safely use and maintain available equipment and apply techniques for the species involved.;
1. Recognise signs of life.
5.	Breeder, owner, farmer or keeper or manager
1. Responsibilities
i) assist when requested.
1. Training and cCompetencies
i) specific knowledge of his/her the animals that are they are responsible for and their environment premises.
Article 7.6.6.
[bookmark: _Hlk189830326]Considerations in the planning of the operations regarding the mass large scale killing of animals
Many activities will need to be conducted on affected locations or premises, including the killing of animals. The team leader should develop a plan and prepare for large scale killing of animals on the location or premises which should include consideration of:
minimising handling, restraint and movement of animals;
killing the animals on the affected locations or premises; however, there may be circumstances where the animals may need to be moved to another location for killing; when the killing is conducted at a slaughterhouse/abattoir, the recommendations in Chapter 7.5. should be followed;
the species, number, age and size of animals to be killed, and the order of killing them, species-specific anatomical, physiological, and behavioural considerations relevant to potential killing methods and procedures; 
RATIONALE: Additional language recommended because knowledge of species-typical behavioral characteristics is essential information to incorporate into the plan for killing animals (AVMA 2024). This includes considerations such as animals’ reaction to being separated from conspecifics or dependent young and the impact of handling and restraint on the animal. For some species, the effectiveness and animal welfare impacts of the killing method(s) will be impacted by unique anatomical or physiological characteristics of the species. 
Supporting reference: American Veterinary Medical Association. (2024). AVMA Guidelines for the Humane Slaughter of Animals: 2024 Edition. https://www.avma.org/sites/default/files/2024-09/Humane-Slaughter-Guidelines-2024.pdf
methods of killing the animals, and their cost;
available resources, including cost, staff numbers, and any other practical elements
description of the assessment of state of consciousness and signs of life;
1. housing, husbandry, location of the animals as well as accessibility of the farm or the place they are situated;
the availability and effectiveness of equipment needed for killing of the animals, as well as the time necessary to kill the required number of animals using such methods;
the availability on the locations or premises of facilities that will be used to assist with the killing, and the necessity of any additional facilities;
potential biosecurity and environmental impact of the operations;
the health and safety of personnel conducting the killing;
any legal issues that may be involved, for example where restricted veterinary drugs may be used, or where the process may impact on the environment;
the presence of other nearby premises holding animals;
possibilities for removal and disposal of dead animals.
The plan should minimise the negative animal welfare impacts of the killing by taking into account the different phases of the procedures to be applied for killing.
Competences and skills of the personnel handling and killing animals should be included in the operational plan.
Article 7.6.7.
Hazards to animal welfare 
For the purpose of this chapter, hazards to animal welfare means a factor with the potential to adversely affect animal welfare.
When killing animals, they may be exposed to different hazards to animal welfare hazards including improper restraining restraint, rough handling, forced movement, absence of or improper design of premises, inadequate construction and maintenance of premises, adverse weather conditions, unexpected loud noise and ineffective killing methods which take longer and/or cause increased negative affective states, such as pain, fear, anxiety, overheating, chilling, or panic.
RATIONALE: Language added to 1. capture an additional hazard if the killing method takes a long time and 2. emphasize that the negative affective states listed here negatively impact animal welfare, particularly if they are intense or prolonged (Mellor 2016; Mellor & Beausoleil 2015). Some methods inherently cause negative affective states in conscious animals by virtue of their pathophysiology, while other methods can do so if improperly applied. 
Supporting references: Mellor D. J. (2016). Updating Animal Welfare Thinking: Moving beyond the "Five Freedoms" towards "A Life Worth Living". Animals : an open access journal from MDPI, 6(3), 21. https://doi.org/10.3390/ani6030021 
Mellor, D., & Beausoleil, N. (2015). Extending the “Five Domains” model for animal welfare assessment to incorporate positive welfare states. Animal Welfare, 24(3), 241–253. https://doi.org/10.7120/09627286.24.3.241

Exposure to multiple hazards to animal welfare can have a negative cumulative effect on the animals [Moberg and Mench, 2000].
 Hazards to animal welfare can be minimised by appropriate design of premises and choice of equipment, and method of killing and through, good management, training and competency of personnel.
Article 7.6.8.
Measures to assess animal welfare at the time of killing for purposes other than slaughter
Hazards to aAnimal welfare at the time of killing for purposes other than slaughter should be assessed using animal-based measures. However, consideration should be given to the resources provided as well as the design and management of the method. 
Measures to assess welfare during handling and restraint in Chapter 7.5 are applicable to this chapter.
These animal-based measures should be routinely used in the monitoring of the state of consciousness and death, with the most appropriate to be used in relation to the method applied.
1. The following animal-based measures can be useful indicators of animal welfare. These measures can be considered as tools to monitor the efficiency of design and management, given that they can affect animal welfare. Multiple indicators should be used to determine effectiveness of the method.
a) Immediate collapse
For captive and penetrating bolt methods, and electrical methods, effective stunning loss of consciousness can be recognised from the immediate loss of posture leading to collapse of the animal. Ineffectively stunned Conscious animals, on the other hand, will fail to collapse or will attempt to regain posture after collapse. Some ineffectively stunned animals, may occur, for example, if captive bolt shooting position is wrong or electrically immobilised animals lose posture, but remain conscious. The absence of immediate collapse is always indicative of consciousness.
RATIONALE: To be consistent with the next point (b), recommend adding language to clarify which methods immediate collapse is a useful indicator. It would not be useful for gas stunning methods, for example. 

b) Tonic–clonic seizures
Effective electrical and in some cases captive bolt methods stunning often result in the presence of tonic–clonic seizures. Tonic seizures can be recognised by an arched back and rigidly flexed legs under the body and will last for several seconds. It is followed by clonic seizures lasting for seconds and manifested as leg kicking or paddling. The absence of tonic–clonic seizures may be indicative of consciousness [Van der Wal, 1971].
c) Righting reflex [Atkinson et al, 2013; Terlow et al, 2016]
[bookmark: _Hlk190095596]The righting reflex refers to any reflex that tends to bring the body into its normal upright position. Ineffectively For example effectively stunned killed animals and those recovering consciousness will not attempt to raise their heads or shake their heads after stunning, which is referred to as righting reflex.  
d) Rhythmic breathing [Atkinson et al, 2013; Kamenik et al, 2019, Vecerek et al, 2020]
Effective stunning killing will result in immediate onset of apnoea (absence of breathing). Ineffectively stunned killed animals and those recovering consciousness will start to breathe in a pattern commonly referred to as rhythmic breathing, which may begin as gagging and lead to respiratory cycles of inspiration inhalation and expiration exhalation. Breathing can be recognised from the regular flank, abdominal, and/or mouth and nostril movements. Recovery of breathing, if not visible through these movements, can be checked by holding a small mirror in front of the nostrils or mouth to look for the appearance of condensation due to expiration exhalation of moist air. Rhythmic breathing is not to be confused with agonal breaths.
RATIONALE: Recommend adding “abdominal” to reflect an avian species characteristic of breathing. With birds, movement of the abdomen indicates continued breathing.
e) Corneal reflex: 
The corneal reflex is elicited by touching or tapping the cornea. Ineffectively stunned Conscious animals and those recovering consciousness will blink in response to the stimulus. Effectively stunned killed and stuck (bled) animals show the absence of the corneal reflex during any key stage. On the other hand, ineffectively or poorly stunned animals and those recovering consciousness prior to sticking or during bleeding are expected to show the presence of the corneal reflex at any key stage. It is worth noting that placement of electrical stunning tongs (electrodes) over the eyes of animals may render this indicator invalid.
f) Palpebral reflex
The palpebral reflex is elicited by touching or tapping a finger on the inner/outer eye canthus or eyelashes. Correctly stunned animals will not show a palpebral reflex. Ineffectively stunned Conscious animals and those recovering consciousness will blink in response to the stimulus at any key stage. It is worth noting that placement of electrical stunning tongs (electrodes) over the eyes of animals may render this indicator invalid. Effectively killed animals will not show a palpebral reflex.
g) Eye movement 
Eye movements and the position of the eyeball can be recognised from close examination of eyes after stunning. Conscious animals and those recovering consciousness will show eye movements. Correctly stunned Effectively killed animals will show fixed eyes, and this can be recognised from wide open and glassy eyes with clearly visible iris/cornea in the middle. Eyeballs may be obscured in some animals owing to rotation into the eye socket following effective stunning. Ineffectively stunned Conscious animals and those recovering consciousness will show eye movements [EFSA AHAW Panel, 2013, Kamenik et al, 2019]
2. The following animal-based measures can be used as indicators of consciousness but their absence does not necessarilyare not sensible to indicate unconsciousness. Therefore, they can be use in addition to the previously mentioned animal-based measures:
RATIONALE: Edited for clarity.
a) Response to painful stimuli 
Poor stunning can be recognised from the response to painful stimulus. The absence of response to a painful stimulus indicates unconsciousness following stunning. [Terlow et al, 2016. Kemenik et al, 2018]
[bookmark: _Hlk189054591]a) b) Spontaneous blinking 
Conscious animals may show spontaneous blinking and therefore this sign can be used to recognise ineffective stunning killing or recovery of consciousness after stunning. However, not all the conscious animals may show spontaneous blinking. Spontaneous blinking can be used as an indicator at all key stages of monitoring. It is worth noting that placement of electrical stunning tongs (electrodes) over the eyes of animals may render this indicator invalid. [Gregory et al, 2007; Terlouw et al, 2016, Kamenik et al, 2018]
b) c) Vocalisation 
Vocalisation is expected only in conscious animals and can be used as an indicator in all key stages of monitoring. However, not all conscious animals will vocalise, and hence the absence of vocalisation does not always mean that the animal is unconscious. [Atkinson et al, 2013; Kamenik et al., 2018]
1. Wing flapping
Wing flapping can indicate consciousness in poultry. However, the absence of wing flapping may not necessarily indicate unconsciousness.

1. Head shaking
Head shaking can indicate consciousness in poultry. However, the absence of head shaking does not necessarily indicate unconsciousness.

1. Spontaneous swallowing
Spontaneous swallowing can indicate consciousness in poultry. However, the absence of swallowing does not necessarily indicate unconsciousness.

RATIONALE: Recommend adding indicators of consciousness specific to poultry.
Supporting reference: EFSA Panel on Animal Health and Welfare (AHAW). (2013). Scientific Opinion on monitoring procedures at slaughterhouses for poultry. EFSA Journal, 11(12), 3521. 

3. The following animal-based measures can be used as the confirmation of death before carcass disposal:
a) Muscle tone
Immediately after killing, dead animals will lose muscle tone, which can be recognized from the completely relaxed head, legs, floppy ears, and/or wings, relaxed tongue and relaxed jaws. However, muscle tone on its own can be present in deeply unconscious animals.
RATIONALE: Language added to: 1. Include indicators of death specific to poultry (i.e. “head” and “and/or wings”) and 2. clarify that muscle tone on its own does not confirm death and can be present in deeply unconscious animals.

b) Heartbeat
Onset of death leads to permanent loss of heartbeat, which can be ascertained physically by using a stethoscope or by heart or arterial palpation, where possible. [Vogel et al., 2011]
c) Dilated pupils
Dilated pupils (mydriasis) are an indication of death. However, dilated pupils on their own can be present in deeply unconscious animals.
RATIONALE: Language added to clarify that dilated pupils on their own do not confirm death and can be present in deeply unconscious animals.
Article 7.6.9.
Handling of animals
Handling is the process of preparation of the animals for killing, and may include moving them to the killing point. Handling and moving can be stressful to animals, especially when they are isolated out of their primary home area  or from their group. [Gavinelli et al. ,2014].
1. Animal welfare concerns
Exposure to novel environments (e.g. noise, lighting, unaccustomed human activity, flooring, smell) may cause panic, fear and reluctance to move, or turning back. Poorly designed facilities and inappropriate handling (e.g. inappropriate use of electrical goads, kicking, hitting with a stick, catching the animals or herding them too quickly) will cause distress, fear and pain.
RATIONALE: Added language (i.e. “unaccustomed human activity,” “panic,” and “catching the animals or herding them too quickly”) provides further clarity about novel environments and inappropriate handling, particularly in relation to poultry. 
2. Animal-based and other measures:
a) animals slipping, falling and piling up;
b) animals turning around or moving backwards, attempting to escape or reluctant to move;
c) animals vocalising;
d) animals that collide with facility structures;
e) animals with broken or otherwise injured limbs; 
f) animals that are unable to move by themselves due to reasons other than broken or injured limbs;
g) use of force by personnel;
h) inappropriate use of electrical goads.
3. Recommendations
Design of the facilities should promote the natural movements of animals, and, as far as possible, minimise human interaction.
Floor should be clean, dry and not slippery.
Raceways should be well lit so that animals can see where they are going.
The design of raceways should minimise distractions that may cause animals to stop, baulk or turn back(e.g. shadows, changes in flooring, moving objects, loud or sudden noises, noxious smells). 
RATIONALE: Recommend adding “noxious smells” to provide full consideration of senses that lead to distraction 

Animals that are injured, sick or unable to rise require immediate action and, when necessary, emergency killing should be performed without moving them and without delay. Animals should not be dragged, nor should they be lifted or handled in a way that might cause further pain and suffering or exacerbate injuries.
Personnel should be calm and patient, assisting animals to move using a soft voice and slow movements. 
Animals should be moved in groups as this decreases fear and makes use of their natural tendency to follow other animals.
Handling aids such as panels or flags should be used in a manner to encourage and direct movement of the animals without causing distress, fear or pain. 
Electric goads should not be used routinely, but only when other measures have been ineffective, the animal has no injury or other condition that makes moving uncomfortable, and there is room for the animal to move forward, and prompting the animal to move is necessary for the safety of other animals or human handlers.
RATIONALE: Language added to better clarify when electric goads may be used. Electric prods increase agitation, which can make killing methods more difficult and dangerous to apply and may result in ineffective stuns (Grandin 2020; Baier & Willson 2020). They can often be eliminated with skilled handling that takes into consideration the natural behavior of the species or observation and correction of environmental factors (Grandin 2020, Baier & Wilson 2020). 
Supporting references: Baier, F. & Willson, D. (2020). Basics of Captive Bolt Stunning of Cattle and Other Animals. In T. Grandin & M. Cockram (Eds.), The Slaughter or Farmed Animals. CAB International. P. 145-158.
Grandin, T. (2020). Behavioural Principles of Stockmanship and Abattoir Facility Design. In T. Grandin & M. Cockram (Eds.), The Slaughter or Farmed Animals. CAB International. P. 90-110.

Only low-voltage goads should be applied to the hindquarters of adult pigs and large ruminants, and never to sensitive areas such as the eyes, mouth, ears, ano-genital region, udders or belly. Such instruments should not be used on equids, camelids, ratites, sheep and goats, pregnant animals or on calves or piglets. Shocks should not be used repeatedly if the animal fails to respond and should not last longer than one second.
The manual lifting of large animals should be avoided; if it is necessary, animals should not be grasped or lifted in a manner which causes distress, fear or pain  or suffering and physical damage (e.g. bruising, fractures, dislocations).
RATIONALE: Recommend: 1. adding “large” to clarify which animals to avoid manually lifting. Poultry, pigs and neonatal animals could be safely lifted and carried; 2. Editing to “distress, fear or pain” for consistency throughout the document.

Animals should not be forced to move at a speed greater than their normal walking pace to minimise injury through slipping or falling. 
Article 7.6.10.
Killing Methods
The following killing methods are globally available and in use. The main purpose of this part of the chapter is to ensure that where killing methods are in use that they are undertaken in a manner that optimises animal welfare. 
For each killing method, the description of the killing method and its use in each animal species, animal welfare concerns, identification of animal-based and other welfare measures, recommendations for effective use to optimise welfare, and any species-specific recommendations are presented in Articles 7.6.11. to 7.6.32.
RATIONALE: Edited for clarity.

Standard operating procedures should be in place that define key operating parameters and follow the manufacturer's recommendations for stunning or killing.
RATIONALE: Because this chapter is focused on killing and not slaughter, recommend removing the word “stunning.”

The killing methods covered are divided into two broad categories. Manual, which involve individual killing methods which involve a human operator or operators manually performing a killing procedure on individual animals (Articles 7.6.11. to 7.6.22.); and automated large scale killing methods, which involve automated procedures for large scale killing of many animals either sequentially (e.g. water baths) or simultaneously (e.g. atmospheric modification) (Articles 7.6.23. to 7.6.32).
RATIONALE: Edited for clarity.
Article 7.6.11.
Firearms
Firearms that fire free projectiles such as a shotgun, rifle, or handgun can provide a quick and effective method for killing when used properly. They require minimal or no restraint and can be used to kill from a distance by properly trained and competent markspersonmarksmen or markswomen.
RATIONALE: Edited for gender neutrality.

It is easier to perform a head shot in the correct anatomic location resulting in near simultaneous loss of consciousness and death when at close range. A firearm can be used from long range and may be aimed to penetrate the skull or soft tissue at the top of the neck of the animals (high neck shot) and to cause irreversible concussion loss of consciousness and death and should only be used by properly trained and competent markspersonmarksmen. The firearm may also a center mass shot, which aims tobe aimed to penetrate the thoracic cavity and heart causing respiratory and heart failure and death. 
RATIONALE: Edited for clarity and procedural recommendations.
Supporting reference: American Veterinary Medical Association. (2019). AVMA Guidelines for the Depopulation of Animals: 2019 Edition. https://www.avma.org/sites/default/files/resources/AVMA-Guidelines-for-the-Depopulation-of-Animals.pdf 

1. Animal Welfare Concerns
This method has the potential for non-lethal wounding of the target animal and lethal or non-lethal wounding of non-target animals. This may occur because of inappropriate cartridge, calibre or type of bullet or incorrect shooting position or distance.
RATIONALE: Recommend the additional welfare concern of “distance.”
Supporting reference: American Veterinary Medical Association. (2019). AVMA Guidelines for the Depopulation of Animals: 2019 Edition. https://www.avma.org/sites/default/files/resources/AVMA-Guidelines-for-the-Depopulation-of-Animals.pdf 


2. Animal-based and other measures
Animal-based measures of an effective shot include [HSA, 2016b]:
a) immediate collapse
b) apnoea
c) carcass appearance (tonic or relaxed)
d) duration of convulsions
e) absence of eye movement
f) glazed expression
g) absence of corneal reflex
3. Recommendations
Firearms and ammunition should be selected based on the species and the distance to shoot the animals. The correct cartridge, calibre and type of bullet for the different species age and size should be used. 
Firearms are suitable for killing agitated animals in open spaces.
Firearms should not be used if trying to preserve brain tissue for diagnosis of diseases or when leakage of body fluids may present a biosecurity risk.
Training is essential for ensuring effective killing with firearms. This training must include approaches that ensure skilled marksmanship; an understanding of safety principles, animal anatomy, animal behaviour; animal handling; use of appropriate combinations of firearms and bullets for the intended purpose; and appropriate judgment under field conditions.
At short range, the marksman or markswoman should ensure that the animal is not moving and in the correct position to enable accurate targeting and the range should be as short as possible (5–50 cm for a shotgun) but the barrel should not be in contact with the head or other part of the animals.
Animals that are not killed by the initial shot, should be re-shot or killed by a backup method as quickly as possible.
RATIONALE: Recommend adding “as quickly as possible” to clarify best practice for humane killing.
Supporting reference: American Veterinary Medical Association. (2019). AVMA Guidelines for the Depopulation of Animals: 2019 Edition. https://www.avma.org/sites/default/files/resources/AVMA-Guidelines-for-the-Depopulation-of-Animals.pdf 

The method is suitable for all species covered by this chapter.
4. Species-specific recommendations
None identified
Article 7.6.12.
Penetrating captive bolt 
The aim of this method is to produce a state of unconsciousness and cause severe damage to the brain by the impact and penetration of a captive bolt using a mechanical device. The captive bolt should be positioned on the skull to penetrate the cortex and mid-brain of the animal. The force of impact and the physical damage caused by the passage of the bolt should result in immediate unconsciousness. Physical damage to the brain caused by penetration of the bolt may result in death; however, a secondary intervention such as pithing, bleeding or lethal injection should be performed as soon as possible after the shot to ensure the death of the animal.
A penetrating captive bolt is fired from a gun powered by either compressed air or a blank cartridge, designed to fire a retractable metal bolt into the animal’s cranium. The bolt should be recessed into the body of the pistol to get the proper velocity required to penetrate the skull of the animal.
1. Animal welfare concerns
An incorrect shooting position or incorrect captive bolt parameters (not hitting the skull with sufficient force) will mis-stun the animalmay, leaveing the animalit conscious, and leading to serious wounds and consequently distress, fear and pain.
RATIONALE: Edited for clarity and better readability.
Regaining of consciousness before death due to delay in applying the secondary intervention.
2. Animal-based and other measures
Animal-based measures of an effective shot include:
a) immediate collapse
b) apnoea
c) [bookmark: _Hlk179374636]tonic seizures
d) absence of eye movement
e) absence of corneal reflex
f) [bookmark: _Hlk179374153]absence of palpebral reflex
g) absence of righting reflex
3. Recommendations 
For cartridge powered and compressed air guns, the bolt velocity and the length of the bolt should be appropriate to the species and age of animal and type of animal, in accordance with the recommendations of the manufacturer.
RATIONALE: Recommend editing to “and age of animal” for a more precise description of the appropriate length of bolt to use.

Captive bolt guns should be frequently cleaned and maintained in good working condition. Regular check-up of the bolt velocity is recommended for effective stunning, operator safety, and improved animal welfare. 
More than one gun may be necessary to avoid overheating with repeated use, and a back-up gun should be available in the event of an ineffective shot.
Animals should be restrained and the operator should ensure that the head of the animal is accessible. The method is difficult to apply in agitated animals.
Proper positioning of the captive bolt equipment is required as incorrect positioning causes inefficient stunning leading to pain and distress in animals. 
Animal-based measures should be monitored continuously after application until death to ensure the absence of brain stem reflexes.
Suitable training and experience of operators in the application of captive bolt pistol, ergonomics and workload conditions should be considered for reducing fatigue in operators. 
Penetrating captive bolt should not be used if preservation of brain tissue for diagnosis of diseases or when leakage of body fluids may present a biosecurity risk. 
The secondary intervention should be performed without delay after the shot to ensure the death of the animal.
The method is suitable for equids, camelids, cattle, sheep, goats, pigs, poultry, ratites, rabbits and captive wild animals similar in physiology.
RATIONALE: Recommend adding “similar in physiology” because there are numerous captive wild animals, some of which this method of killing may not be appropriate for.
4. Species-specific recommendations
The size of the skulls and the thickness of the skull bones should be taken into account when selecting parameters such as bolt diameter, bolt length and cartridge power in penetrative captive bolt stunning.
RATIONALE: Similar to an earlier comment, recommend removing “stunning,” to keep the focus of this chapter on killing and not slaughter. 

Heavily horned animals should be stunned with penetrative captive bolt in the occipital position using a heavy-duty contact-fired captive bolt gun directed forward at the nose.
In new world camelids the device should be placed at the crown position (highest point on the head) aiming downward to the base of the jaw [AVMA, 2020].
In turkeys the placement of the device should be directly on the midline of the skull and at the highest/widest point of the head with the captive bolt aimed directly down toward the brain.
In chickens (and poultry with comb development) the placement should be directly behind the comb and on the midline of the skull with the captive bolt aimed directly down.
In ratites a device with a short penetrating bolt and the smallest charge appropriate for poultry or rabbits should be applied to the top of the head at the midpoint of an imaginary line between the outer “ear” openings.
Article 7.6.13.
Pithing
Pithing is not a standalone killing or stunning method, it’s a secondary method of killing animals which havewhere  been stunnedby a penetrating captive bolt has been applied, without immediate death.
RATIONALE: Edited to remove “stunning” and, as previous comments, keep this chapter’s focus on killing, not slaughter.

Pithing physically disrupts the central nervous system by the insertion of a flexible rod. The rod can be inserted caudally through the brain stem and spinal cord following stunning byapplication of a penetrative captive bolt or cranially through the spinal cord and brain stem following decapitation. Pithing can be used as a primary killing method for animals which have been stunned by a penetrating captive bolt, without immediate death or as a secondary method to ensure rapid death.
RATIONALE: Edited to 1. remove ‘stunning’ as previous comments note and 2. to avoid repetition.

1. Animal welfare concerns
Since pithing is not a primary killing method, but rather an adjunct method, it doesn’t have any welfare concerns of its own. However, it shares the welfare concerns of the primary method of killing or stunning.
[bookmark: _Hlk203132066]RATIONALE: Replaced “but rather an adjunct method” with “primary” to improve readability.

2. Animal-based and other measures
Absence of brain stem reflexes and other muscle movements (following initial violent muscle contractions) can be used to confirm successful pithing.
3. Recommendations
Pithing is an adjuncta secondary method that can be used in conjunction with penetrative captive bolt applicationstunning or decapitation to ensure that an animal is dead (in the case of penetrative captive bolt applicationstunning) or that an animal is no longer conscious (in the case of decapitation). 
RATIONALE: Replaced “an adjunct” with “a secondary” to improve readability and removed ‘stunning’ as previous comments note.

4. Species-specific recommendations
The pithing rod selected must be of a suitable size to be able to fit within the spinal canal of the animal.
Article 7.6.14.
Non-penetrating captive bolt followed by a secondary killing method
Non‐penetrating captive bolt have a ‘mushroom headed bolt" which impacts the skull but does not enter the brain. It administers a blow to the animal’s skull of sufficient force to render the animal immediately unconscious. The gun should be placed on the front of the skull to deliver a percussive blow which produces instantaneous unconsciousness. A secondary intervention such as bleeding, cervical dislocation or lethal injection should be performed without delay after the shot to ensure the death of the animal.
1. Animal welfare concerns
An incorrect shooting position or incorrect captive bolt parameters (not hitting the skull with sufficient force) will mis-stun the animal, leaving it conscious and leading to serious wounds and consequently distress, fear and pain.
Regaining of consciousness before death due to delay in applying the secondary intervention.
2. Animal-based and other measures
Animal-based measures of an effective shot include:
a) immediate collapse
b) apnoea
c) tonic seizures
d) absence of eye movement
e) absence of corneal reflex
f) absence of palpebral reflex
g) absence of righting reflex
3. Recommendations 
For cartridge powered and compressed air guns, the velocity and diameter of the bolt should be appropriate to the species and type of animal, in accordance with the recommendations of the manufacturer.
Non-penetrating captive bolt guns should be frequently cleaned and maintained in good working condition. Regular check-up of the bolt velocity is recommended for effective stunning, operator safety, and improved animal welfare. 
More than one gun may be necessary to avoid overheating, and a back-up gun should be available in the event of an ineffective shot.
Animals should be restrained and the operator should ensure that the head of the animal is accessible. The method is difficult to apply in agitated animals.
Proper positioning of the non-penetrating captive bolt equipment is required as incorrect positioning of the captive bolt causes inefficient stunning leading to pain and distress in animals. 
Animal-based measures should be monitored continuously after application until death to ensure the absence of brain stem reflexes.
Suitable training and experience of operators in the application of non-penetrating captive bolt pistol and ergonomics and workload conditions should be considered for reducing fatigue in operators. 
The secondary intervention should be performed without delay after the shot to ensure the death of the animal.
This methods is suitable for turkeys, chickens, ratites, rabbits, lambs and goats kids ( approximately up to 4.5 kg) and piglets (approximately up to 10.9 kg).
4. Species-specific recommendations
In turkeys the placement of the device should be directly on the midline of the skull and at the highest/widest point of the head with the captive bolt aimed directly down toward the brain.
In chickens (and poultry with comb development) the placement should be directly behind the comb and on the midline of the skull with the captive bolt aimed directly down.
In ratites a device with the smallest charge appropriate for poultry or rabbits should be applied to the top of the head at the midpoint of an imaginary line between the outer “ear” openings.
In rabbits the device should be placed in the center of the forehead, with the barrel in front of the ears and behind the eyes. The device should be discharged twice in rapid succession at the pressure recommended for the age and size of the rabbit.
In lambs and goats kids up to approximately 4.5 kg the preferred shooting position is with the muzzle of the non-penetrating captive bolt on the midline behind the poll (e.g., between the ears) with the chin tucked into the neck.
In piglets, non-penetrative captive bolt provides immediate and irreversible loss of consciousness and brain death in piglets up to 10.9 kg with a single application on the frontal–parietal position [Grist et al., 2017, 2018a].
[bookmark: _Hlk119505065]Article 7.6.15.
Bleeding 
Bleeding is a method of killing animals through the severance of the major blood vessels in the neck or chest that results in a rapid fall in blood pressure, leading to cerebral ischaemia and death.
1. Animal welfare concerns
The process of bleeding requires significant tissue trauma and this may be painful if the animal has not been rendered unconscious prior to the procedure [Gibson et al. 2009]. Consciousness may persist for periods of up to 20 or 60 seconds (depending on species) following blood vessel transection [Johnson et al. 2015]. Animals may experience fear, pain and distress during this period.
2. Animal-based and other measures
Animal-based and other measures that indicate loss of consciousness include all the following: absence of muscle tone; absence of corneal or palpebral reflex; absence of rhythmic breathing. Unconsciousness should be reassessed until death is confirmed. In addition, cessation of bleeding after a continuous and rapid blood flow can be used as an indicator of death.
3. Recommendations
Bleeding should only be used as a last resort in animals that are not already unconscious or can be rendered unconscious prior to severance of the blood vessels.

4. Species-specific recommendations
None identified
[bookmark: _Hlk119505071]Article 7.6.16.
Lethal injection 
Lethal injection is a procedure that involves injecting one or more drugs into an animal to cause rapid death. 
The animal is injected intravenously with a lethal dose of anaesthetic drugs and may also receive an initial injection of a sedative. In practice, barbiturates in combination with other drugs are commonly used. They induce a smooth transition from consciousness to unconsciousness and death by causing depression of the central nervous system and respiratory centres in the brain leading to cardiac arrest (Shearer, 2018). 
The preferred route of administration is intravenous (HSA 18; AVMA, 2020), but in some cases it may be given via other routes (e.g. intramuscularly, intracardially, or  intraperitoneally).
RATIONALE: Edited for clarity.

1. Animal welfare concerns
If routes of administration are inappropriate, consciousness may not be lost rapidly before death, causing pain and fear. 
If doses of administration are not correct (sub-lethal), consciousness may not be lost rapidly before death, causing fear.
Some combinations of drug type and route of administration may be painful and should only be used in unconscious animals. 
During rapid injection, some drugs may cause pain, irritation and paralysis, which can cause the suppression of respiration while the animal is still conscious [EFSA, 2004].
Intracardiac administration can be extremely painful if penetration of the heart is not successful on the ﬁrst attempt (EFSA, 2004). 
Personnel lacking appropriate training and skills, or personnel suffering fatigue, or fractious animals unable to be properly restrained, may cause ineffective administration and be detrimental to animal welfare (Søren et al., 2020).
2. Animal-based and other measures
Each animal should be examined carefully to conﬁrm loss of consciousness and death:
Posture, breathing, heart auscultation, corneal or palpebral reﬂex, vocalization and eyes movements. 
Absence of brain stem reflexes. 
3. Recommendations
The animal should be sedated before the lethal injection to minimize stress, if A smooth transition to unconsciousness should be provided for the animal to minimize stress, if necessary via provision of a sedative, anxiolytic, or anesthetic prior to administration of the lethal injection.
RATIONALE: Recommend revised language to clarify why and when a sedative should be used during lethal injection killing. 
Supporting reference: American Veterinary Medical Association. (2020). AVMA Guidelines for the Euthanasia of Animals: 2020 Edition. https://www.avma.org/sites/default/files/2020-02/Guidelines-on-Euthanasia-2020.pdf


Lethal injection should only be performed by a qualified veterinarian or under their direct supervision. 
Personnel performing this method should be trained and knowledgeable in anaesthetic techniques. 
Personnel should be trained to use appropriate presentation handling of the animal and skilled intravenous administration to avoid extravasation of the drug and to use the correct dose according to the species and the animal live weight.
RATIONALE: Edited for clarity.

Personnel should be trained to use appropriate restraint in case it is necessary.
Intravenous administration is preferred, but intraperitoneal or intramuscular administration may be appropriate, especially if the agent is non-irritating. 
The intracardiac route may be used in previously anesthetized or very small animals only.
RATIONALE: Because of the pain caused by an intracardiac injection, animals must be rendered unconscious prior to this method being used (AVMA 2020). The size of an animal does not have a direct bearing on their ability to feel pain, thus exempting “very small” animals would be inappropriate
Supporting reference: American Veterinary Medical Association. (2020). AVMA Guidelines for the Euthanasia of Animals: 2020 Edition. https://www.avma.org/sites/default/files/2020-02/Guidelines-on-Euthanasia-2020.pdf

Examine individual animals for signs of consciousness or life and apply a secondary killing method as a corrective measure, by ensuring the route of administration is correct and then giving an additional lethal injection; if the animal is conscious, a sedative or anesthetic can be administered, if necessary, prior to the lethal injection of an anaesthetic drug if they are conscious or a lethal substance to kill them in case they are still alive but unconscious [AVMA, 2020].
RATIONALE: Edited for clarity.

The carcass of an animal that has been killed by lethal injection has to be disposed of properly and cannot be used for or where there may be a risk of human or animal consumption and environmental contamination because of harmfulness and lack of degradation of the used drugs.
RATIONALE: Edited for clarity.

This method is suitable for killing small numbers of dogs, cats, cattle, sheep, goats, pigs, equids, poultry, captive wildlife, but it can be used in all species.
4. Species-specific recommendations
The method is suitable for killing individual or small numbers of dogs, cats, cattle, sheep, goats, pigs, equids and poultry, but it can be used in all species. 
In some species like cattle, rRestraint may be necessary prior to injection, if possible, to allow effective administration. 
RATIONALE: Recommend deletions, as restraint is usually necessary for injection.
Supporting reference: American Veterinary Medical Association. (2020). AVMA Guidelines for the Euthanasia of Animals: 2020 Edition. https://www.avma.org/sites/default/files/2020-02/Guidelines-on-Euthanasia-2020.pdf

Venous access can be difficult in very small or young animals or animals with low blood pressure taking considerable veterinary skill and experience.
[bookmark: _Hlk179791946]Article 7.6.17.
Cervical dislocation 
Manual or mechanical cervical dislocation comprises stretching and twisting the neck, resulting in the separation of spinal cord from the brain and death from cerebral anoxia due to cessation of breathing or blood supply to the brain [AVMA, 2020].
1. Animal welfare concerns
When improperly performed, Ccervical dislocation even with separation of the spinal cord fails to produce immediate loss of consciousness and in this case animals may die due to asphyxiation [Gregory and Wotton, 1990 Martin et al 2020]. 
RATIONALE: Edited to reflect updated findings that, when properly performed, manual cervical dislocation was found to result in immediate loss of consciousness in chickens and turkeys and was superior to mechanical cervical dislocation in terms of resulting in dislocation at C0-C1 (Martin 2020).
Supporting reference: Martin, J.E., Sandilands, V., Brocklehurst, S., Sparrey, J., Baker, L., Sandercock, D.A., & McKeegan, D.E.F. (2020) 2020 Manual cervical dislocation in poultry: is it a welfare concern?British Poultry Abstracts, 16:1, 1-34, DOI:10.1080/17466202.2020.1917210

For heavy rats, and rabbits, and large poultry, the large muscle mass in the cervical region makes manual cervical dislocation physically more difficult
RATIONALE: Edited for clarity

2. Animal-based and other measures
Animal-based measures of an effective application of cervical dislocation are cessation of respiration, loss of corneal reflex, and signs of death.
RATIONALE: Edited for consistency throughout the chapter.

3. Recommendations
Only to be used in unconscious animals.
Individuals who perform this method should be appropriately trained and proficient in the species to be utilized in.
RATIONALE: Recommend added language to emphasize the importance of training using this killing technique.

Consistent results when performing manual cervical dislocation requires strength and skill so team members should be rested regularly to avoid fatigue and ensure consistently reliable results.
Mechanical cervical dislocation is preferred to manual as is more reliable and less prone to failure.
RATIONALE: Recommend deletion, as mechanical devices require specific training and maintenance to operate correctly. When not properly maintained or used with poor training there will be failures. Furthermore, when proficient operators perform manual cervical dislocation, they typically achieve results closer to the “gold standard” (separating skull from vertebral column at C0-C1 with severance of both carotid arteries) compared with use of mechanical cervical dislocation.
Supporting references : Baker-Cook B, Torrey S, Widowski TM, Turner PV, Knezacek T, Nicholds J, & Schwean-Lardner S. The efficacy of three on-farm euthanasia methods for broiler chickens throughout the production cycle. British Poultry Science 2021; 62:5, 638-649. www.sciencedirect.com/science/article/pii/S0032579123000627
Bandara, Rathnayaka M.A.S. ; Stephanie Torrey; Patricia V. Turner; Alex zur Linden; Anna Bolinder; Karen Schwean-Lardner and Tina M. Widowski. Efficacy of a novel mechanical cervical dislocation device in comparison to manual cervical dislocation in layer chickens. 
Animals 2019; 9, 407. www.sciencedirect.com/science/article/pii/S0032579124000282
Erasmus MA, Lawlis P, Duncan IJH and Widowski TM. 2010. Using time insensibility and estimated time of death to evaluate a nonpenetrating captive bolt, cervical dislocation, and blunt trauma for on-farm killing of turkeys. Poultry Science 89: 1345-1354. www.sciencedirect.com/science/article/pii/S0032579119362728
Hernandez E, James F, Torrey S, Widowski T, Schwean-Lardner K, Monteith G and Turner PV. Evaluation of brain death in laying hens during on-farm killing by cervical dislocation methods or pentobarbital sodium injection. Front. Vet. Sci. 2019; 6:297. Frontiers | Evaluation of Brain Death in Laying Hens During On-Farm Killing by Cervical Dislocation Methods or Pentobarbital Sodium Injection
Jacobs L., Bourassa DV, Harris CE, Buhr JR. (2019) Euthanasia: Manual versus mechanical cervical dislocation for broilers, Animals, 9, 47. Euthanasia: Manual versus Mechanical Cervical Dislocation for Broilers
Jacobs L., Bourassa DV, Boyal RS, Harris CE, Bartenfeld Josselson LN, Campbell A, Anderson G, Buhr RJ. (2021) Animal welfare assessment of on-farm euthanasia methods for individual, heavy turkeys. Poultry Science 100:100812. Animal welfare assessment of on-farm euthanasia methods for individual, heavy turkeys - ScienceDirect
Martin, J. E., McKeegan, D. E. F., Sparrey, J, Sandilands, V. (2017). Evaluation of the potential killing performance of novel percussive and cervical dislocation tools in chicken cadavers. British Poultry Science, 58(3), 216–223. Evaluation of the potential killing performance of novel percussive and cervical dislocation tools in chicken cadavers: British Poultry Science: Vol 58 , No 3 - Get Access
Mason, C., Spence, J., Bilbe, L., Hughes, T., & Kirkwood, J. (2009). Methods for dispatching backyard poultry. Veterinary Record, 164(7), 220–220.
Rathnayaka M.A.S. Bandara, Stephanie Torrey, Patricia V. Turner, Alex zur Linden, Anna Bolinder, Karen Schwean-Lardner and Tina M. Widowski. 2019. Efficacy of a novel mechanical cervical dislocation device in comparison to manual cervical dislocation in layer chickens. Animals 9, 407. Efficacy of a Novel Mechanical Cervical Dislocation Device in Comparison to Manual Cervical Dislocation in Layer Chickens - PubMed
Sparrey, J., Sandercock, D. A., Sparks, N. H. C., & Sandilands, V. (2014). Current and novel methods for killing poultry individually on-farm. World’s Poultry Science Journal, 70(04), 737–758. www.tandfonline.com/doi/abs/10.1017/S0043933914000816
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Cervical dislocation should not involve crushing of vertebrae and spinal cord should not be used.
RATIONALE: Edited for better readability.

Animals should be monitored continuously until death to ensure the absence of brain stem reflexes.
The method is suitable for small birds, poultry, mice, rats and rabbits.
4. Species-specific recommendations
Manual cervical dislocation is applicable in birds weighing up to 3 kg. and in rats up to 200 g
Mechanical cervical dislocation is applicable in birds weighing up to 5 kg.
None identified
Article 7.6.18.
Decapitation 
Decapitation using a guillotine or knife results in death by cerebral ischaemia.
1. Animal welfare concerns
The process of decapitation requires significant tissue trauma and this may be painful if the animal has not been rendered unconscious prior to the procedure [Kongara et al. 2014]. There is evidence that decapitation may not itself cause immediate loss of consciousness, which [Bates 2010] may persist in decapitated animals for as long as 30 seconds [Mikeska and Klemm 1975].
2. Animal-based and other measures
Successful decapitation completely separates the head from the rest of the body and can be confirmed by visual inspection.
3. Recommendations
Decapitation should only be used as a last resort in animals that are not already unconscious or can be rendered unconscious prior to decapitation.

Equipment should be inspected and tested regularly to ensure effectiveness. 
Individuals should receive appropriate training on the species they are utilizing this method on.
Appropriate restraint should be utilized to decrease pain and distress.
RATIONALE: Recommend expanding recommendations with the additional language to ensure good animal welfare with this method.
Supporting reference : American Veterinary Medical Association. (2019). AVMA Guidelines for the Depopulation of Animals: 2019 Edition. https://www.avma.org/sites/default/files/resources/AVMA-Guidelines-for-the-Depopulation-of-Animals.pdf 

4. Species-specific recommendations
Equipment used for decapitation should be of sufficient construction and sharpness to complete the procedure quickly and without undue force.

Article 7.6.19.
Electrical — two-stage application
A two-stage application of low frequency electric current (50 Hz) comprises firstly an application of current to the head by scissor-type tongs that spans the brain, immediately followed by an application of the tongs across the chest in a position that spans the heart.
The application of sufficient electric current to the head will induce ‘tonic-clonic’ epilepsy and unconsciousness. Once the animal is unconscious, the second stage will induce ventricular fibrillation (cardiac arrest) resulting in death. 
1. [bookmark: _Hlk179445969]Animal welfare concerns
The main hazards preventing effective electrical stunning and killing are: incorrect electrode placement, poor contact, a dirty or corroded electrode, electrical arcing, high contact resistance caused by hair or dirt on the animal surface, too short exposure time and inappropriate electrical parameters (low voltage/current or high frequency).
The second stage should only be applied to unconscious animals to prevent unacceptable levels of pain.
2. [bookmark: _Hlk179441380]Animal-based and other measures
[bookmark: _Hlk179446192]Before the application of the second stage, unconsciousness should be assessed with the following animal-based measures: immediately collapse, tonic-clonic seizures; apnoea; absence of corneal or palpebral reflex.
Animal-based measures of ineffective stun or recovery of consciousness are: vocalisation; spontaneous blinking; righting reflex; presence of corneal or palpebral reflex; rhythmic breathing; spontaneous swallowing and head shaking.
After the application of the second stage, death should be assessed with the following animal-based measures: absence of muscle tone, apnoea, absence of corneal reflex, dilated pupils and absence of heartbeat.
3. Recommendations
[bookmark: _Hlk179447019]Two team members are recommended, the first to apply the electrodes and the second to manipulate the position of the animal to allow the second application to be made.
Animals should be restrained, at a minimum free-standing in a pen.
The tongs should be of the correct design and size for the animal;
A stunning current should be applied in a position that spans the brain for a minimum of 3 seconds; immediately following the application to the head and after ensuring that the animal is unconscious, the electrodes should be transferred to a position that spans the heart and the electrodes applied for a minimum of 3 seconds. 
Electrodes should be applied firmly for the intended duration of time with pressure not released until the stun is complete. 
Animals should be monitored continuously after stunning until death to ensure the absence of brain stem reflexes.
Electrodes should be in good condition and cleaned regularly during and after use, to enable optimum electrical contact to be maintained.
The wool or hair should be entirely dry; if wet the electricity may flow (shunt) through the wet wool or hair rather than contacting the skin and passing through the brain or body.
Wetting the bare skin (not wool or hair) application area with water (especially salted water) can increase electrical contact.
Ineffective application of the first stage of the method should be followed by a backup method or the repetition of the first stage.
The method is suitable for calves, sheep and goats, and pigs.
4. Species-specific recommendations
Effective electrical parameters should be determined based on scientific evidence for different types of animals.
For electrical stunning of the head, minimum parameters are recommended for the following species. Animals with high electrical impedance will require greater electrical intensity:
RATIONALE: Recommend adding language to avoid misinterpretation of the quoted values, which can result in under-stunning. It is important to emphasize these are minimum values, which may need to be increased, depending on the resistance of the animal.

· 1.5 A for bovines,
· 1.3 A for pigs,
· 1.8 A for sows and boars,
· 1.0 A for small ruminants.
[bookmark: _Hlk179445800]Good placement of the tongs can be difficult on animals with horns and on sheep with woolly heads. Using electrodes with pins or with wet pins for woolly animals would help to overcome the problem. Alternatively, the wool should be removed from the area where the electrodes will be positioned on the animal. 
Article 7.6.20.
[bookmark: _Hlk179445813]Head to body electrical killing
Head-to-body electrical killing (electrocution) comprises the single application of sufficient electrical current to the head and back, to simultaneously stun the animal and fibrillate the heart. Provided sufficient current is applied in a position that spans both the brain and heart at the same time, the animal will not recover consciousness. 
1. Animal welfare concerns
The main hazards preventing effective electrical killing are: incorrect electrode placement, poor contact, dirty or corroded electrode, electrical arcing, high contact resistance caused by hair or dirt on the animal surface, too short exposure time and inappropriate electrical parameters (low voltage/current or high frequency).
2. Animal-based and other measures
Effective head to body electrical killing is characterise by tonic seizures during exposure to the method. After the exposure animals may have clonic seizures. 
After application death should be assessed with the following animal-based measures: absence of muscle tone, apnoea, absence of corneal reflex, dilated pupils and absence of heartbeat
Animal-based measures of ineffective electrical killing are: absence of tonic-clonic seizures, presence of rhythmic breathing, presence of corneal or palpebral reflex or vocalisation.
3. Recommendations
Animals should be restrained to avoid movement that can lead to interrupted contact with the electrodes.
The device should be of the correct design and size for the animal.
A current should be applied in a position that spans the brain and the heart at the same time, continuously for a minimum of 3 seconds. 
The device should be applied firmly for the intended duration of time and pressure not released until the stun is complete. 
Animals should be monitored continuously after stunning until death to ensure the absence of brain stem reflexes.
Electrodes should be in good condition and cleaned regularly during and after use, to enable optimum electrical contact to be maintained.
The wool or hair should be entirely dry; if they are wet, the electricity may flow (shunt) through the wet wool or hair rather than through the brain or body.
Wetting the bare skin application area with water (especially salted water) can also increase electrical contact.
Ineffective application of the first stage of the method should be follow by a backup method or the repetition of the first stage.
The method is suitable for sheep and goats, and pigs.
4. Species-specific recommendations
Effective electrical parameters should be determined based on scientific evidence for different types of animals.
For head-to-body stunning, minimum parameters are recommended for the following species:
· 1.3 A for pigs,
· 1.8 A for sows and boars,
· 1.0 A for sheep and goats.
Article 7.6.21.
Head only electrical stunning followed by a secondary killing method
Comprises the single application of sufficient electrical current to the head of the animal in a position that spans the brain, causing unconsciousness; this needs to be followed by a killing method such as cervical dislocation or bleeding.
1. Animal welfare concerns
The main hazards preventing effective electrical stunning are: inappropriate handling, inversion when applicable, incorrect electrode placement, poor contact, dirty or corroded electrode, electrical arcing, high contact resistance caused by hair or feathers or dirt on the animal surface and inappropriate electrical parameters (low voltage/current or high frequency). 
An additional hazard could occur when second intervention doesn’t kill the animal.
2. Animal-based and other measures
Multiple indicators should be used to determine whether a stun is effective and the animal is unconscious.
Animal-based measures of an effective stun are: tonic-clonic seizures; apnoea; absence of corneal or palpebral reflex.
Animal-based measures of an ineffective stun or recovery of consciousness or for ineffective killing are: vocalisation; spontaneous blinking; righting reflex; presence of corneal or palpebral reflex; rhythmic breathing.
3. Recommendations
Animals should be stunned as soon as they are restrained.
In the case of ineffective stunning or recovery, animals should be re-stunned using a backup system or be killed immediately. Ineffective stunning or return to consciousness should be systematically recorded and the cause of the failure identified and rectified.
Stunning equipment should be used, cleaned, maintained and stored following the manufacturer's recommendations.
Constant current stunners ensure that the minimum current is provided to the animal independently from individual impedance and should always be preferred to constant voltage stunners.
Regular calibration of the equipment according to the manufacturer's procedure is recommended. 
For the killing methods to be use after stun refer to Articles 7.6.X and 7.6.X.
This method is suitable for chickens, turkeys, ducks, geese and rabbits.
4. Species-specific recommendations
For head-only stunning, minimum parameters for 50 Hz frequency are recommended for the following species:
RATIONALE: Recommend addition of “for 50 Hz frequency to be consistent with other chapter sections, and to clarify the frequency with which these amplitudes will be effective. Higher frequencies will require greater amplitudes. 
Supporting references:
EFSA (2024). Welfare of sheep and goat during killing for purposes other than slaughter. EFSA Journal 10.2903/j.efsa.2024.8835 www.efsa.europa.eu/en/efsajournal/pub/8835
Shields, S. J., & Raj, A. B. M. (2010). A critical review of electrical water-bath stun systems for poultry slaughter and recent developments in alternative technologies. Journal of Applied Animal Welfare Science, 13(4), 281-299. https://www.tandfonline.com/doi/abs/10.1080/10888705.2010.507119


· 240 mA for hens and broiler chicken,
· 400 mA for turkeys,
· 600 mA for geese and ducks,
· 400 mA for rabbits.
[bookmark: _Hlk179445847]

Article 7.6.22.
Water bath killing
Electrocution leading to death can be achieved by drawing inverted and shackled poultry through an electrified water bath. Electrical contact is made between the water and earthed shackle and, when sufficient current is applied with a (50 Hz AC) waveform is applied, poultry will be simultaneously stunned and killed. 
RATIONALE: Edited for clarity.

1. Animal welfare concerns
In electrical water-bath killing, inverting and shackling conscious poultry by the legs can cause pain and fear.
Hazards that increase the likelihood of animals experiencing pre-stun shocks are: poor handling at shackling, inappropriate line speed, physical contact between birds, incorrect angle of entry ramp, entry ramp wetted by charged water, incorrect water-bath height, and shallow immersion.
Hazards that may prevent effective electrical killing are: lack of contact between head and water, differences in individual bird resistance, improper system grounding, pre-stun shocks due to wings contacting water before the head, and the use of inappropriate electrical parameters (low voltage/current or high frequency) or too short exposure time.
Factors affecting individual bird resistance include the resistance between the shackle and the leg (leg/shackle interface), shackling on top of a severed foot, shackling by one leg, poor shackle position, incorrect shackle size, dry shackles, scale on the shackle surface, and keratinised skin on the legs (e.g. older birds).
Where insufficient electrical killing parameters are used, conscious animals are at risk of being electro-immobilised or paralysed causing pain and suffering.
2. Animal-based and other measures
Multiple indicators should be used to determine whether killing is effective.
Animal-based measures of an effective electrocution are: absence of muscle tone; apnoea; and absence of corneal or palpebral reflex; absence of vocalisation and absence of righting reflex.
3. Recommendations
Poultry should be shackled by both legs. Shackles should match the species and size of the birds to guarantee a good contact.
Pre-stun shocks should be prevented and can be reduced by having a smooth shackle line and entry to the water-bath and by adjusting the water level of the bath to minimise overflow. Proper waterbath design, including a non-conductive entrance, will also help eliminate pre-stun shocks. Measures to calm the birds or to reduce the frequency of wing flapping can be put in place such as: breast rubs, low lighting, smooth transition into the waterbath and gentle shackling such that this does not trigger wing flapping. 
Poultry should be submerged into the water up to the base of the wings.
A low frequency (50 Hz) current with a minimum of 400 mA per bird should be applied for a minimum of 3 seconds [EFSA, 2019].
Death should be confirmed before disposal.
In the case of ineffective killing, animals should be killed without delay using a backup system.
4. Species-specific recommendations
None identified


Article 7.6.23.
Maceration
Maceration, utilising a mechanical apparatus with rotating blades or projections, causes immediate fragmentation and death in day-old birds and for embryonated eggs.
1. [bookmark: _Hlk179382874]Animal welfare concerns
Pain, suffocation and distress due to a slow rotation of blades or rollers, overloading and rollers set too wide.
2. [bookmark: _Hlk179441368]Animal-based and other measures
· absence of signs of life
· immediate fragmentation
3. Recommendations
The capacity of the apparatus (power and sharpness) should be sufficient to ensure that all day-old -birds are killed instantaneously, even if they are handled in a large number. The rate of introducing the birds should not allow the equipment to jam. Only purpose built equipment should be used, well- maintained and tested daily prior to killing live animals.
RATIONALE: Recommend adding language to emphasize the importance of properly functioning equipment to uphold good animal welfare practices.

The gap between rollers must ensure day-old-birds heads are crushed instantaneously leading to death [HSA, 2005]. 
Mechanical killing of day-old-birds should result in slurry, rather than recognisable body parts such as internal organs, legs, wings and heads, to ensure day-old-birds that were truly macerated [HSA, 2005]. 
It is important to ensure that the speed of the equipment is appropriate for the batch size and that day-old-birds are dead when they come out of the machine.
Avoid adding more than one layer of day-old-birds at one time or in quick succession, avoid introduction of a batch into the macerator before previous day-old-birds are dead.
4. Species-specific recommendations
Not identified
Article 7.6.24.
Addition of anaesthetics to feed or water 
An anaesthetic agent which can be mixed with poultry feed or water may be used to kill poultry in houses. Commonly used general anaesthetic agents are not intended or approved for oral use. . Poultry which are only anaesthetised need to be killed by another method such as cervical dislocation.
1. [bookmark: _Hlk179792012]Animal welfare concerns
 Ingestion of an insufficient quantity of the drug or inappropriate drug not leading to unconsciousness.. Failing to implement a secondary killing method before consciousness regained. Exposure of non-targeted animal or birds is a risk[https://www.hsa.org.uk]
2. Animal-based and other measures
Absence of signs of life including breathing, body movement, righting reflex.
3. Recommendations
To ensure that these anaesthetics have been effectively removed from the feeding or drinking water system and that no residue is left behind that could harm the next flock, a very careful cleaning procedure is necessary. Sufficient quantities of anaesthetic need to be ingested rapidly for effective response. Intake of sufficient quantities is facilitated if the birds are fasted or water is withheld. Should be followed by immediate killing if birds are anaesthetised only.
This method is suitable for confined poultry.
4. Species-specific recommendations
None identified
Article 7.6.25.
General principles of modified atmosphere killing
Modified atmosphere killing is performed by exposing animals to CO2, inert gases or their mixtures.
This can be performed either by placing the animals in a prefilled gas container, by placing transport modules or crates containing animals in a container and introducing a gas mixture, such as by loading animals onto a specially designed trailer, or by the gas being introduced into a poultry house. 
RATIONALE: Recommend addition of examples, both newer and more familiar techniques. 
Supporting reference: The Canadian Prairie Agricultural Machinery Institute (PAMI) designed and built a Disease Response Trailer that can kill whole batches of young pigs using nitrogen gas generated on site. It is a newer humane and viable future alternative.
 
Modified atmosphere killing can also be administered by using high-expansion gas-filled foam, medium or low density water-based foam or through low atmosphere pressure stunning (LAPS).
RATIONALE: Edited for clarity and accuracy: medium and low density (medium-expansion capacity) water-based foams do not achieve a modified atmosphere. Unlike high-expansion gas-filled foams, water-based foams kill by occlusion of the airways, not by modifying breathable air. Gas-filled foam only causes a modified atmosphere if it has a sufficiently high expansion ratio (greater than 300:1) and sufficiently large bubble size. When the bubbles burst using high-expansion foams, it creates a modified atmosphere. Water-based, medium-expansion foams do not work the same way.
Supporting references : EFSA Panel on Animal Health and Welfare. (2024). The use of high expansion foam for stunning and killing pigs and poultry. EFSA Journal. European Food Safety Authority, 22(7), e8855. https://doi.org/10.2903/j.efs a.2024.8855. 
Lindahl, C., Sindhøj, E., Brattlund Hellgren, R., Berg, C., & Wallenbeck, A. (2020). Responses of pigs to stunning with nitrogen filled high-expansion foam. Animals, 10(12), 2210. https://www.mdpi.com/2076-2615/10/12/2210
McKeegan, D. E. F., Reimert, H. G. M., Hindle, V. A., Boulcott, P., Sparrey, J. M., Wathes, C. M., ... & Gerritzen, M. A. (2013). Physiological and behavioral responses of poultry exposed to gas-filled high expansion foam. Poultry Science, 92(5), 1145-1154. https://www.sciencedirect.com/science/article/pii/S0032579119387000


Article 7.6.26.
Prefilled gas container
This method is the exposure of batches of animals to high concentrations of gas in pre-filled containers which can also be waste bins, skips or bags.
In this method, animals are manually caught in small batches and dropped into the container connected to gas cylinders. 
The time to onset of death is related to the concentration of the gas and the duration of the exposure, i.e. lower concentration requires longer exposure [Raj and Gregory, 1990a,b]. 
When animals are exposed to the gas individually or in small groups in a container, the equipment used should be designed, constructed, and maintained in such a way as to avoid injury to the animals and allow them to be observed.
1. [bookmark: _Hlk179459812]Animal welfare concerns
Manual catching and handling of animals cause distress and broken bones, especially when birds are carried in an inverted position.
RATIONALE: Recommend adding “and broken bones” as another negative animal welfare concern.


With gas stunning, If there is no immediate loss of consciousness. Inhalation of high concentrations of biologically active gas (such as carbon dioxide) while conscious is painful and may causes fear and respiratory distress. 
RATIONALE: Edited for clarity. Carbon dioxide can cause these animal welfare concerns, however other inert gasses, such as nitrogen, which makes up 78% of breathable air, are not painful to inhale.
Supporting references: Kells, N., Beausoleil, N., Johnson, C. & Sutherland, M. (2018) Evaluation of different gases and gas combinations for on-farm euthanasia of pre-weaned pigs. Animals  8, 40. https://www.researchgate.net/publication/323831198_Evaluation_of_Different_Gases_and_Gas_Combinations_for_On-Farm_Euthanasia_of_Pre-Weaned_Pigs
EFSA Panel on Animal Health and Welfare (AHAW), Nielsen SS, Alvarez J, et al. Welfare of pigs at slaughter. EFSA J. 2020;18(6):e06148. Published 2020 Jun 17. doi:10.2903/j.efsa.2020.6148
McEwen, B. J. (2018). Strangulation, suffocation, and asphyxia. In Veterinary Forensic Pathology, Volume 1 (pp. 129–148). Springer International Publishing. 
McKeegan, D. E. F., & Martin, J. (2020). Improving welfare in poultry slaughter. In Understanding the behaviour and improving the welfare of chickens. Burleigh Dodds Science Publishing. https://www.research.ed.ac.uk/en/publications/improving-welfare-in-poultry-slaughter 
Steiner, A. R., Flammer, S. A., Beausoleil, N. J., Berg, C., Bettschart-Wolfensberger, R., Pinillos, R. G., Golledge, H. D. W., Marahrens, M., Meyer, R., Schnitzer, T., Toscano, M. J., Turner, P. V., Weary, D. M., & Gent, T. C. (2019). Humanely Ending the Life of Animals: Research Priorities to Identify Alternatives to Carbon Dioxide. Animals : an open access journal from MDPI, 9(11), 911. https://doi.org/10.3390/ani9110911

The time and distance animals are carried depends on the location of the gas containers on the premises and on the type and size of the housings.
Overloading may lead to compression and suffocation caused by more animals being dropped into the container without a sufficient interval between two consequent batches of animals. In addition, each batch of animals dropped into the container will displace equal volume of gas into the atmosphere, which will result in fluctuating concentrations of gas.
Injection of cold gas directly to the animals causes hypothermia.
	Verifying death while the animals are in the container is difficult.
2. Animal-based and other measures
Animal-based measures may beare difficult to assess due to container design and the presence of gas.
RATIONALE: Edited for clarity. A system design may create difficulties for observing animals, however the gases used are transparent and would not.

Animal-based measures of an effective kill are: absence of signs of life, such as breathing, righting reflex or body movement.


3. Recommendations
Containers should allow the required gas concentration to be maintained and accurately measured.
Each batch of birds dropped in the containers (one layer) should be allowed sufficient time to die before adding the next batch of birds [Webster and Collett, 2012].
Containers should not be overcrowded and measures are needed to avoid animals suffocating by climbing on top of each other.
Skilled catching teams are necessary.
This method is suitable for poultry, and mink and neonatal goats.
GENERAL COMMENT: Recommend Code Commission verify with experts whether this method is suitable for mink and consider if suitable for neonatal goats.
Possible references: Withrock 2015 Withrock IC. The use of carbon dioxide (CO2) as an alternative euthanasia method for goat kids. Accessed January 10, 2024. www.search. proquest.com/docview/1733971790/abstract/C0605E819B-D543A6PQ/1.  
Turner, P.V. (2024). Management of Farmed Mink. Merck Veterinary Manual. https://www.merckvetmanual.com/exotic-and-laboratory-animals/mink/management-of-farmed-mink
Pedersen, V., Jeppesen, L. L., & Jeppesen, N. (2004). Effects of group housing systems on behaviour and production performance in farmed juvenile mink (Mustela vison). Applied Animal Behaviour Science, 88(1), 89–100. https://doi.org/10.1016/j.applanim.2004.03.003
Cooper, J., Mason, G., & Raj, M. (1998). Determination of the aversion of farmed mink (Mustela vison) to carbon dioxide. Veterinary Record, 143(13), 359–361. https://doi.org/10.1136/vr.143.13.359
Axelsson, H. M. K., Hansen, S. W., Loberg, J., & Lidfors, L. (2017). Effects of group size on behaviour, growth and occurrence of bite marks in farmed mink. Applied Animal Behaviour Science, 194, 112–119. https://doi.org/10.1016/j.applanim.2017.05.008


4. Species-specific recommendations
Non identified.
Article 7.6.27.
Gas introduced into a container or trailer
1. [bookmark: _Hlk179788588]In this method, the crates or modules holding birds or pigs are loaded into a container. Small gGroups of pigs or turkeys may also be walked into the container or a specially designed nitrogen-gassing trailer. . Once the animals are in the container, a chosen gas, i.e. carbon dioxide, argon, nitrogen or mixtures of these gases, are administered to displace the atmospheric air in the container to create a lethal anoxic or hypercapnic situation (EFSA, 2019). Animal welfare concerns
RATIONALE: Recommend adding language to reflect recent updates and research surrounding improved higher humane depopulation methods. There are currently two nitrogen-gassing trailers available in Canada, one through Manitoba Pork and one through Ontario Pork. These systems rapidly create an environment of less than 2% oxygen once the animals have been walked into the trailer (Hill 2025; Bergen 2023). 
Supporting references: Bergen, G. (2023). Design, operation and lessons learned of a nitrogen gas-based swine depopulation system. Presented at AVMA Humane Endings Symposium, Jan 26-29, 2023. Chicago, IL. 
Hill, J. (2025). A BETTER MEANS TO A HUMANE ENDING? Nitrogen Anoxia for the Mass Depopulation of Livestock (Webinar). https://www.youtube.com/watch?v=8ats0zN_gY4


Manual catching and handling of birds causes distress and broken bones, especially when birds are carried in an inverted position.
RATIONALE: Recommend adding “and broken bones” as another negative animal welfare concern.

There is no immediate loss of consciousness. Exposure to high concentrations of CO2 required for killing of birds and pigs (e.g. 40% or more) is reported to be aversive and painful to inhale and therefore these animals show escape attempts (EFSA, 2019; 2020).
The lower the CO2 concentration or higher the residual oxygen in inert gases the longer the time to induce death.
Exceeding the capacity of the equipment in terms of number of animals that can be loaded into the container with available floor space leading to overcrowding and animals climbing onto each other which results in injuries.
The time and distance animals are carried depend on the location of the gas containers on the premises and on the type and size of the housings.
Injection of cold gas directly to the animals in the container causes hypothermia.
	Verifying death while the animals are in the container is difficult.
2. Animal-based and other measures
Animal-based measures related to pain, fear and respiratory distress are head shaking, laboured breathing (gasping), escape attempts and high-pitched vocalisations.
Animal-based measures of an effective kill are: absence of signs of life, such as breathing, righting reflex or body movement.
Animal-based measures are difficult to assess due to container design and the presence of gas.
3. Recommendations
Birds should be caught gently and placed in crates or modules of appropriate size and at appropriate stocking densities to allow all birds to sit down. Pigs should also be moved gently and in small groups into the containers.
Containers should not be overcrowded and measures are needed to avoid animals suffocating by climbing on top of each other.
Containers should allow the required CO2 and inert gases concentrations to be maintained and accurately measured.
Sufficient exposure time should be allowed for animals to die before the door is opened. 
Each animal should be examined to ensure they are dead. 
Any survivors should be killed without delay.
Staff training to acquire knowledge and skills necessary to proper calibration of equipment and monitoring of gas concentrations and relevant exposure times, to ensure that containers are fit for the purpose, gas is vaporised before injection, the rate of injection is correct and temperature inside the chamber is monitored.
This method is suitable for poultry and pigs.
4. Species-specific recommendations
None identified
Article 7.6.28.
Gas introduced into the barn or whole house gassing 
This method involves is the exposure of birds in their housing to an increasing gas concentration. In general, this means that the barn is equipped with gas measuring units and  gas tubing for the injection of gas. The barn is closed, and ventilation and other openings are sealed but venting is required to force oxygen out. The gas is injected into the barn which results in a gradual increase of the gGas concentration. In practice mainly carbon dioxide CO2 has been used is applied as this gas is most easy to apply and the desired concentration of >45% CO2 in the breathing air can be reached relatively quickly.  Whole house gassing can also be performed using liquid or gaseous nitrogen to produce anoxic conditions (oxygen <2%). This method may have significant benefits over carbon dioxide such as for animal welfare (nitrogen is non-aversive), for accessibility (nitrogen is more readily available, as it can be extracted from the atmosphere), and for climate impact (nitrogen is not a greenhouse gas).
RATIONALE: Edited for clarity and to provide recent updates and research surrounding improved higher humane depopulation methods.
Supporting references: Équipe québécoise de contrôle des maladies avicoles (EQCMA) (Quebec Animal Diseases Control Team). (2024). Proof of concept of gassing a room with nitrogen gas. 
Hill, J. (2024), Evaluation of Nitrogen Whole House Gassing for the Mass Depopulation of Poultry. Presentation for Poultry Innovation Partnership, https://poultryinnovationpartnership.ca/presentation/evaluation-for-adopting-nitrogen-in-whole-barn-gassing-during-the-mass-depopulation-of-poultry/
Hill, J. (2025). A BETTER MEANS TO A HUMANE ENDING? Nitrogen Anoxia for the Mass Depopulation of Livestock (Webinar). https://www.youtube.com/watch?v=8ats0zN_gY4. Powerpoint presentation available at: https://www.vafaw.org/_files/ugd/231617_f76db69528b0489facb1a880a25fb4fb.pdf 
Manitoba Agriculture. (2024). Evaluation for Adopting Nitrogen in Whole Barn Gassing During the Mass Depopulation of Poultry.
McKeegan, D. E. F., McIntyre, J., Demmers, T. G. M., Wathes, C. M., & Jones, R. B. (2006). Behavioural responses of broiler chickens during acute exposure to gaseous stimulation. Applied Animal Behaviour Science, 99(3), 271–286. https://doi.org/10.1016/j.applanim.2005.11.002 
Minnesota Department of Agriculture. (2024). Using Nitrogen for Whole House Gassing Depopulation Method for Floor-Raised Poultry and Laying Hens. https://www.aphis.usda.gov/sites/default/files/nadprp-db-mn02.24-open.pdf 

1. [bookmark: _Hlk179791336]Animal welfare concerns
There is no immediate loss of consciousness. Inhalation of increased concentrations of some gases, such as CO2, while conscious could cause pain, fear and respiratory distress. 
RATIONALE: Edited for clarity, as this section covers various gases used for this killing method, not just CO2.

The induction of the gas makes noise and can lead to a fear response from the birds
2. Animal-based and other measures
Animal-based measures are difficult to assess due to the presence of gas in the whole barn.
Animal-based measures of an effective kill are: absence of signs of life, such as breathing, righting reflex or body movement.
Gas concentrations should be monitored and used as a proxy for animal based measures
3. Recommendations
The barns should be checked before starting the procedure to ensure they can be made air-tight enough for the required gas concentrations can be reached.
Staff entering the barn to prepare the gassing procedure should work calmly to minimize fear reactions from the birds.
Ventilation should be shut down as quickly as possible before starting the gas inlet.
Before removing the gas equipment but after ventilating the barn there should be a check on the effectiveness of the method. 
The method is suitable for all poultry species.
4. Species-specific recommendations
None identified 
Article 7.6.29.
Water based foam
Water based foam is a low to high density, medium-expansion foam created with air. The principle is that animals in their housing or in a confined area are covered with a blanket of foam and that the animals will die due to occlusion of the airways leading to cessation of brain and heart activity (Benson et al 2009). Due to the density, the foam will not penetrate narrow openings or mesh wire structures. This method requires little human-animal interaction and has the capacity to effectively kill large numbers of animals.
RATIONALE: Recommend adding “medium-expansion” for completeness and comparison to other foam types used for animal depopulation.

1. Animal welfare concerns
Animals do not immediately lose consciousness
Animals may will experience respiratory and other types of distress from as oxygen loss in is lost from their environment, hearing loud machinery noises and/or being surrounded by rising levels of foam. 
RATIONALE: Edited for completeness. Distress may occur from other factors beyond loss of oxygen, including novel loud machinery noises and rising levels of foam.
Supporting references: Culhane, M. (2023). Adapting high expansion foam for use in American systems as an alternative method for humane killing [Presentation].  
EFSA Panel on Animal Health and Welfare (AHAW). (2024). The use of high expansion foam for stunning and killing pigs and poultry. EFSA journal. European Food Safety Authority, 22(7), e8855. https://doi.org/10.2903/j.efsa.2024.8855 
Park, J. Y., Campler, M. R., Cheng, T. Y., Youngblood, B. L., Torrisi, D., Cressman, M. D., Kieffer, J. D., Williams, T. E., Arruda, A. G., Flory, G. A., Hougentogler, D. P., Hill, J., Hunt, L., Canturri, A., Culhane, M. R., Miller, J., & Bowman, A. S. (2025). Assessment of three large-scale depopulation methods for swine. PloS one, 20(3), e0320217. https://doi.org/10.1371/journal.pone.0320217
Lindahl, C., Sindhøj, E., Brattlund Hellgren, R., Berg, C., & Wallenbeck, A. (2020). Responses of Pigs to Stunning with Nitrogen Filled High-Expansion Foam. Animals: an open access journal from MDPI, 10(12), 2210. https://doi.org/10.3390/ani10122210 
McKeegan, D. E.F., Reimert, H. G., Hindle, V. A., Boulcott, P., Sparrey, J. M., Wathes, C. M., Demmers, T. G., & Gerritzen, M. A. (2013). Physiological and behavioral responses of poultry exposed to gas-filled high expansion foam. Poultry science, 92(5), 1145–1154. https://doi.org/10.3382/ps.2012-02587 

2. Animal-based and other measures
Animal based measures are difficult to assess once animals are covered in foam. Distress behaviours such as escape attempts and vocalizations (pigs) may be seen or heard. 
RATIONALE: Deletion recommended due to common references below not listing vocalizations for pigs using this method.
Supporting references: Arruda AG, Campler MR, Cheng TY, et al. Reliability of water-based medium-expansion foam as a depopulation method for nursery pigs and cull sows. Trans Emerg Dis. 2022;69(5):e2719-e2730. doi:10.1111/tbed.14622
Kieffer JD, Campler MR, Cheng TY, et al. Evaluation of a water-based medium-expansion foam depopulation method in suckling and finisher pigs. Animals. 2022;12(8):1041.
Korenyi-Both J, Vidaurre J, Held T, et al. Description of electroencephalographic data gathered using water-based medium-expansion foam as a depopulation method for nursery pigs. Scientific Reports. 2022;12(1):16798.
Bowman A. Validating Water-Based Foam for the Depopulation of Swine. Pork Checkoff. 2023. NPB#21-070. Accessed Oct 27, 2023. https://www.porkcheckoff.org/research/validating-water-based-foam-for-the-depopulation-of-swine/

Animal-based measures of an effective kill are: absence of signs of life such as breathing, righting reflex or body movement. 
3. Recommendations
The temperature of the foam is determined mainly by the temperature of the water. The temperature of water used should be between (15 and 20 °C).
The foam that is selected should be free of perfluorooctane sulfonic acid (PFOS) or related compounds due to concerns of environmental, wildlife, and human health impacts.
RATIONALE: Recommend added language to highlight health and safety concerns with foam use.

The foam should be produced with foaming agents that are proven to be non-irritating and having no aversive effect.  
Foam should be applied after animals are contained. 
Personnel should ensure that there is sufficient time allowed for each batch of animals to die before they are removed from the foam. 
This method should only be applied to floor-reared animals. 
This method is suitable for poultry, cattle, pigs, and small ruminants.
4. Species-specific recommendations
None identified
Article 7.6.30.
Gas-infused high-expansion foam 
RATIONALE: Edited for clarity.

A method for creating way to introduce a high gas concentration or to create a situation with very low O2 in containers or in buildings that are difficult to fill with gas is use of by using a high-expansion foam filled with an inertthe gas. This includese most suitable gas is nNitrogen or argon. At present, nitrogen is more practical and has been better researched. The principle of the method is that animals are exposed to an environment <2% oxygen > 99% of N2 (or other gas) and die due to hypoxiaanoxia. The foam is STRICTLY a delivery agent for the inert gas; however, the physical properties of the foam matrix force the oxygen from the container, significantly reducing the time required to reach hypoxic conditions compared to the injection of inert gas. The low oxygen level high gas concentration is achieved becausedue to the foam isbeing produced using a gas from an inert gas (such as N2) pure source rather thaninstead of with air. The foam expansion ratio must be at least 300:1 and the bubble size (typically 10-15mm) must be appropriate for the species and animals’ size to to ensure it does not readily enter or occlude their airways.

RATIONALE: Edited for clarity and accuracy. While some research has examined the use of argon (Lindahl et al 2022), the vast majority has utilized nitrogen as the inert gas infused in the foam. Recommend including the expansion ratio and bubble size in the description due its importance in ensuring this method causes death via its intended mechanism (EFSA 2024, UK AWC 2024). Additionally, to achieve anoxia the gas would need to be applied in a vacuum. The correct term here is ‘hypoxia.’
Supporting references : Culhane, M. (2023). Adapting high expansion foam for use in American systems as an alternative method for humane killing [Presentation].
Culhane, M. (2023). Effective use of inert gas (nitrogen) for poultry depopulation requires methods that consider bird species, age, size, and sex-specific factors. Presented at AVMA Humane Endings Conference, Chicago, IL, Jan. 26-29, 2023.
EFSA Panel on Animal Health and Welfare (AHAW). (2024). The use of high expansion foam for stunning and killing pigs and poultry. EFSA journal. European Food Safety Authority, 22(7), e8855. https://doi.org/10.2903/j.efsa.2024.8855 
Gerritzen, M.A., Reimert, H.G.M., Hindle, V.A., McKeegan, D.E.F., & Sparrey, J.M. (2010). Welfare assessment of gas filled foam as an agent for killing poultry, Report 399. Livestock Research Wageningen UR. https://www.researchgate.net/publication/275647993_welfare_assessment_of_gas_filled_foam_as_an_agent_for_killing_poultry
Lindahl,C., Blad, M., Sindhøj, E. Berg, C., & Wallenbeck, A. (2022). Controlled atmosphere stunning of pigs using nitrogen, argon and carbon dioxide in high expansion foam. https://res.slu.se/id/publ/120236 
Park, J. Y., Campler, M. R., Cheng, T. Y., Youngblood, B. L., Torrisi, D., Cressman, M. D., Kieffer, J. D., Williams, T. E., Arruda, A. G., Flory, G. A., Hougentogler, D. P., Hill, J., Hunt, L., Canturri, A., Culhane, M. R., Miller, J., & Bowman, A. S. (2025). Assessment of three large-scale depopulation methods for swine. PloS one, 20(3), e0320217. https://doi.org/10.1371/journal.pone.0320217 
Raj, A. B., Smith, C., & Hickman, G. (2008). Novel method for killing poultry in houses with dry foam created using nitrogen. The Veterinary record, 162(22), 722–723. https://doi.org/10.1136/vr.162.22.722
Sparrey, J. (2021). Depopulation of Swine by Inert Gassing Utilizing the Livetec Systems Nitrogen Foam Delivery System; NPB #20-099. https://porkcheckoff.org/wp-content/uploads/2022/07/20-099-SPARREY-final-rpt.pdf
United Kingdom Animal Welfare Committee (2024). Opinion on the Use of High Expansion Nitrogen Foam Delivery Systems for depopulation of poultry flocks affected by notifiable disease in the UK. Available at: https://www.gov.uk/government/publications/awc-opinion-on-high-expansion-nitrogen-foam-for-culling-poultry/awc-opinion-on-the-use-of-high-expansion-nitrogen-foam-for-culling-poultry 
Williams, T., Hill, J., Flory, G., Sparrey, J. & Hunt, L. (2023). The Utilization of Livetec Systems’ Nitrogen Foam Delivery System for the Rapid, Large-scale Depopulation of Swine: Final Report. 

Animals may be kept in their housing, in a confined area or in a special chamber or box. The building, confined area or box is then filled with gas-filled foam until itthe box is completely filled or the animals are well covered. As the bubbles burst the animals will breathe in an atmosphere containing only the gas released from the foam with less than 1% O2. This very low O2 concentration will induce a rapid loss of consciousness and death. 
RATIONALE: Edited for readability.

This method requires little human-animal interaction and has the capacity to effectively kill large numbers of animals however it does require specialized equipment.
1. Animal welfare concerns
Animals do not immediately lose consciousness
Animals maywill experience distress or fear due toas oxygen lossis lost from their environment, noise created by foam-generating machinery and/or being surrounded by the foam.
RATIONALE: Edited for completeness. Distress or fear may occur from other factors beyond loss of oxygen, including loud machinery noises and rising levels of foam.
Supporting references: Culhane, M. (2023). Adapting high expansion foam for use in American systems as an alternative method for humane killing [Presentation].  
EFSA Panel on Animal Health and Welfare (AHAW). (2024). The use of high expansion foam for stunning and killing pigs and poultry. EFSA journal. European Food Safety Authority, 22(7), e8855. https://doi.org/10.2903/j.efsa.2024.8855 
Park, J. Y., Campler, M. R., Cheng, T. Y., Youngblood, B. L., Torrisi, D., Cressman, M. D., Kieffer, J. D., Williams, T. E., Arruda, A. G., Flory, G. A., Hougentogler, D. P., Hill, J., Hunt, L., Canturri, A., Culhane, M. R., Miller, J., & Bowman, A. S. (2025). Assessment of three large-scale depopulation methods for swine. PloS one, 20(3), e0320217. https://doi.org/10.1371/journal.pone.0320217

2. Animal-based and other measures
Animal based measures are difficult to assess once animals are covered in foam. Distress behaviours such as escape attempts and vocalizations (pigs) may be seen or heard.
RATIONALE: Deletion recommended due to common references below not listing vocalizations for pigs using this method.
Supporting references: Arruda AG, Campler MR, Cheng TY, et al. Reliability of water-based medium-expansion foam as a depopulation method for nursery pigs and cull sows. Trans Emerg Dis. 2022;69(5):e2719-e2730. doi:10.1111/tbed.14622
Kieffer JD, Campler MR, Cheng TY, et al. Evaluation of a water-based medium-expansion foam depopulation method in suckling and finisher pigs. Animals. 2022;12(8):1041.
Korenyi-Both J, Vidaurre J, Held T, et al. Description of electroencephalographic data gathered using water-based medium-expansion foam as a depopulation method for nursery pigs. Scientific Reports. 2022;12(1):16798.
Bowman A. Validating Water-Based Foam for the Depopulation of Swine. Pork Checkoff. 2023. NPB#21-070. Accessed Oct 27, 2023. https://www.porkcheckoff.org/research/validating-water-based-foam-for-the-depopulation-of-swine/

Animal-based measures of an effective kill are: absence signs of life, such as breathing, righting reflex or body movement. 
3. Recommendations
The foam should be generated with gas from a pure source (preferable >98%). 
The gas should be pre-heated to avoid freezing up the nozzles while the foam is generated. 
To avoid animals being chilled, the foam should be kept as close to their normal body temperature as possible. The source of nitrogen used by the foam delivery system will determine whether heat is supplied via a heated vaporizer (liquid nitrogen) or a heating system (compressed gaseous nitrogen). The temperature of the foam can be more accurately controlled by these components than by merely controlling the water temperature (Hill 2025). If relying on control of waterThe temperature to determineof the foam istemperature determined mainly by the temperature of the water therefore, the temperature of the water used should be between (15 and 20 °C)  
RATIONALE: Recommend added language to capture best animal welfare practices when using foam.
Supporting references: Hill, J. (2025). A BETTER MEANS TO A HUMANE ENDING? Nitrogen Anoxia for the Mass Depopulation of Livestock (Webinar). https://www.youtube.com/watch?v=8ats0zN_gY4. Powerpoint presentation available at: https://www.vafaw.org/_files/ugd/231617_f76db69528b0489facb1a880a25fb4fb.pdf

The foam should be produced with a foam agents that is proven to be non-irritating and having no aversive effect.  
Foam should be applied rapidly after animals are contained. 
RATIONALE: Edited for clarity.

Personnel should ensure that there is sufficient time allowed for each batch of animals to die before they are removed from the foam.
This method is suitable for poultry and pigs.
4. Species-specific recommendations
None identified
Article 7.6.31.
Low atmosphere pressure stunning (LAPS)
RATIONALE: Edited for acronym accuracy

In this method, the birds are placed in crates or modules into a decompression chamber and are exposed to gradual decompression with a reduction of available oxygen to less than 5% [Martin et al., 2016a,b, c; Holloway and Pritchard, 2017]. 
When correctly applied, the LAPS procedure leads to loss of consciousness followed by death in all birds. The LAPS procedure does not induce immediate unconsciousness. 
Mobile LAPS system can be used for on-farm killing.
1. Animal welfare concerns
No immediate onset of unconsciousness. 
Rapid decompression and expansion of gases in the body cavity (i.e., sinuses, gut, or air sacs) can cause pain and respiratory distress. Furthermore, conscious birds might get injured from the convulsions of adjacent unconscious animals (i.e., strong wing flapping and leg paddling).
2. Animal-based and other measures
· Animal- based measures of aversion: escape attempts
· Animal base measures of unconsciousness: loss of posture; loss of posture;absence of movements; tonic-clonic convulsions (wing flapping)
RATIONALE: Edited to remove duplication.

· Animal-based measures of an effective kill are: absence of signs of life such as breathing, righting reflex or body movement. 
3. Recommendations
During the first phase, the decompression rate shall not be greater than equivalent to a reduction in pressure from standard sea level atmospheric pressure 760 to 250 Torr for a period of not less than 50 seconds. 
During the second phase, a minimum standard sea level atmospheric pressure of 160 Torr shall be reached within the following 210 seconds. 
The pressure time curve shall be adjusted to ensure that all animals are irreversibly stunned within the cycle time. 
The chamber should be leak tested and pressure gauges calibrated before each operational session and not less than daily during periods of use. 
Low atmospheric pressure stunning equipment shall be designed and built to ensure a vacuum within the chamber enabling slow gradual decompression with reduction in available oxygen and holding at minimal pressure. 
The system shall be equipped to measure , display and record continuously the absolute vacuum pressure, the time of exposure, the temperature, the humidity and to give a clearly visible and audible warning if the pressure deviates from the required levels. The device should be clearly visible to the personnel.
Rate of decompression, duration of exposure, ambient temperature and humidity are key parameters.
Emergency procedures associated with system failures should be included by the manufacturer in the manufacturer’s instructions for the use of the equipment.
This method is suitable for broiler chickens up to proximately 4kg liveweight.
4. Species-specific recommendations
None identified 
Should only be used in poultry at this time.

RATIONALE: Recommend added language to clarify species suitability for this method.
Supporting reference: American Veterinary Medical Association. (2019). AVMA Guidelines for the Depopulation of Animals: 2019 Edition. https://www.avma.org/sites/default/files/resources/AVMA-Guidelines-for-the-Depopulation-of-Animals.pdf 

Article 7.6.32
Ventilation shut down with supplementation 
General comments: Ventilation shutdown with supplementation (VSD+) is still a necessary method of depopulation to include in this section. However, it should be limited to constrained circumstances (as noted with specific comments/edits) when safety, depleted or unavailable resources, and/or the threat of further significant disease spread would not allow for other preferred methods of depopulation. The current global highly pathogenic avian influenza disease event has reiterated the need to maintain VSD+ as a depopulation option for some countries (including the USA), who have experienced multiple, simultaneous outbreaks and other significant world events, similar to the COVID-19 pandemic, that deplete country-level resources, create overwhelming supply chain disruptions and threaten further, difficult-to-control disease spread within the country or beyond, when no other preferred depopulation methods are available to meet the need within the necessary timeframe.  As with other depopulation methods, VSD+ should be undertaken thoughtfully, only where adequate facilities exist, using trained and experienced personnel who can properly monitor the situation and provide a backup method of depopulation should there be any survivors (since any preferred killing method can result in some survivors).  Research to improve this depopulation method and seek alternative, higher humane options should continue to be a noteworthy area of attention, though emergency management has not yet been reached a point where VSD+ can be completely replaced.

Ventilation shut down with supplementation such as active heating should not be used routinely used, and should only be used in 1. constrained circumstances and 2. when other preferred depopulation methods are not possible.  be regarded as a method of last resort for This method should only be used in poultry and swine. 
RATIONALE: Recommend added language to clarify the specific situations when VSD+ is an appropriate method of depopulation. Constrained circumstances have been defined as “emergency circumstances constrain the ability to reasonably implement a preferred method. Potential situations that might result in use of methods in this category include, but are not limited to, constraints on human safety, depopulation efficiency, deployable resources, equipment, animal access, disruption of infrastructure, disease transmission risk, and zoonotic disease risk.” (2019 AVMA Guidelines for the Depopulation of Animals)
Supporting references (for poultry): AVMA Guidelines for the Depopulation of Animals Available at: https://www.avma.org/sites/default/files/resources/AVMA-Guidelines-for-the-Depopulation-of-Animals.pdf
Anderson et al 2017 Anderson K, Livingston K, Shah S, et al. Evaluating hen behavior and physiological stressors during VSD for the development of humane methodologies for mass depopulation during a disease outbreak. Final report. Project BRU007: March 30, 2017. US Poultry and Egg Association, Tucker, Ga: 2017
Anderson, K.E., R. D. Malheiros, S. Shah, K.L. Harding, M. Martin. Evaluating the impact of environmental relative humidity and temperature with ventilation shutdown for depopulation of laying hens, Final Report. Project F99, March 1, 2023. US Poultry and Egg Association, Tucker, Ga: 2023a
Mendoza, A.V., S.Weimer, and Z.Williams. 2024. Can steam be usable as a “plus” for ventilation shutdown? J Appl Poult Res. 2024;33:100381. 
https://doi.org/10.1016/j.japr.2023.100381
Anderson, K. E. and T. A. Carter. 1993. Hot weather management of poultry. North Carolina Cooperative Extension Service. PS&T Guide No. 30.
Wang H, Wang B, Normoyle KP, et al. Brain temperature and its fundamental properties: a review for clinical neuroscientists. Front Neurosci. 2014;8:307. doi:10.3389/fnins.2014.00307
Anderson KE, Eberle-Krish KN, Malheiros RD, Livingston KA, Shah SB, Martin MP. Evaluating the environmental and physiological effects of ventilation shutdown, with or without with the addition of heat or carbon dioxide, on turkeys and broiler chickens. 2019. U.S. Poultry & Egg Association, Board Research Initiative.
Lumb WV. Euthanasia by noninhalant pharmacologic agents. J Am Vet Med Assoc. 1974; 165:851–852.
Eberle-Krish, K.N., M.P. Martin, R.D. Malheiros, S.B. Shah, K.A. Livingston, K.E. Anderson. 2018. Evaluation of Ventilation Shutdown in a Multi-level Caged System. J Applied Poult. Res. 27 (4):555-563. http://dx.doi.org/10.3382/japr/pfy036
Supporting references (for swine): Baysinger A, Senn M, Gebhardt J, Rademacher C, Pairis-Garcia M. A case study of ventilation shutdown with the addition of high temperature and humidity for depopulation of pigs. J Am Vet Med Assoc. 2021 Aug 15;259(4):415-424.
Bird N. Ventilation failure alarms: 2 case studies. Accessed Mar 26, 2019. http://www.dicam.co.uk/wp-content/uploads/filebase/research/Case_Study_2_ventilation_failure_incidents.pdf

The method requires shutting down ventilation in animal housings that rely on the ventilation system to maintain constant temperature and air quality. It is a measure that kills animals predominantly by heat stress and lack of fresh air. Active heating of the ambient air or increasing the humidity in the building during ventilation shut down will shorten time to death and increase the effectiveness of the method. 
RATIONALE: Edited for accuracy.

This method can be effective at killing large numbers of animals with limited human-animal interaction and few resources (people and specialized equipment) in a short timeframe. The effective implementation of the method can be challenging based on the ambient temperature at the facility and how well the facility can be sealed. Therefore, it is important that ventilation shutdown with supplementation be implemented thoughtfully, where adequate facilities exist and can be appropriately sealed to complete the method by properly trained personnel who are skilled in performing the procedure and can actively monitor the situation through completion.
RATIONALE: Edited for clarity and to emphasize the importance, particularly with respect to animal welfare, of necessary facility parameters and knowledgeable and trained personnel who know how to properly perform and monitor this method of depopulation.

1. Animal welfare concerns
It can take a long time for animalsTime to losse of consciousness can be variable based on environmental and species differences.
RATIONALE: Edited for recognition that animal condition (debilitated health status vs completely healthy), as well as environmental and species differences will impact time to unconsciousness. 
Supporting reference: AVMA Guidelines for the Depopulation of Animals Available at: https://www.avma.org/sites/default/files/resources/AVMA-Guidelines-for-the-Depopulation-of-Animals.pdf


Animals will experience heat stress and, potentially, conditions associated with heat stress.
RATIONALE: Recommend added language to capture how animals may experience additional affective states or conditions associated with heat stress, such as fear, distress, nausea and thirst.  
Supporting references: Hodgson, D. D. (2022). Physiology of Poultry during Ventilation Shut Down (+) in Response to a Foreign Animal Disease Outbreak [Master of Science]. North Carolina State University.
Mendoza, A. V., Weimer, S., & Williams, Z. (2024). Can steam be usable as a “plus” for ventilation shutdown? Journal of Applied Poultry Research, 33(1), 100381-. https://doi.org/10.1016/j.japr.2023.100381


2.	Animal-based and other measures
Animal-based measures may only be assessed via audio or video if available.
RATIONALE: Recommend addition of ‘audio or’ because auditory monitoring devices can also be used with this method.

Animal- based measures of unconsciousness: Loss of posture, absence of movements. 
Animal-based measures of an effective kill are: absence of signs of life such as breathing, righting reflex or body movement.
3.	Recommendations
Ventilation shut down with supplementation should only be used as a method of last resort not be used routinely, and should only be used in 1. constrained circumstances and 2. when other preferred depopulation methods are not possible.
RATIONALE: Recommend same added language, provided earlier in this section, to clarify the specific situations when VSD+ is an appropriate method of depopulation. Constrained circumstances have been defined as “emergency circumstances constrain the ability to reasonably implement a preferred method. Potential situations that might result in use of methods in this category include, but are not limited to, constraints on human safety, depopulation efficiency, deployable resources, equipment, animal access, disruption of infrastructure, disease transmission risk, and zoonotic disease risk.” (2019 AVMA Guidelines for the Depopulation of Animals). While this content seems most appropriate to include under “Recommendations,” its inclusion at the beginning of this section is also welcomed to help emphasize the careful considerations necessary for animal welfare reasons.

Facilities must be properly sealed. Facilities that cannot be sealed properly or have poor insulation should not be used, due to the inability to hinder airflow and maintain uniform in-house temperatures depending on the season, and prolonging even further time to loss of consciousness. Adequate facilities allow for greater than 95% death rate in less than one hour (while 100% mortality is still the necessary goal for this and all depopulation methods).
RATIONALE: Recommend added language for additional important clarity.

Supplemental heaters should be used to increase the temperature of the sealed facility where the animals are located. 
RATIONALE: Edited for clarity.

Temperatures should be monitored at various heights and locations in the facility and the temperature should exceed 120° F or 49° C. 
Humidity should be monitored at various heights and locations in the facility.
This method is a method of last resort suitable for poultryshould only be used in poultry and swine. 
RATIONALE: Recommend same added language, provided earlier in this section highlighting the species that are appropriate to this depopulation method. While this content seems most appropriate to include under “Recommendations,” its inclusion at the beginning of this section is also welcomed to help emphasize the careful considerations necessary for animal welfare reasons.

Future research may provide additional information to inform decision-making surrounding Ventilation shut down with supplementation.
RATIONALE: Recommend added language (from 2019 AVMA Guidelines for the Depopulation of Animals) to highlight how improved, especially higher humane methods of depopulation should always be a goal we strive to follow.
4.	Species-specific recommendations
None identified
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