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Introduction 
The primary aim of this assessment is to evaluate both existing and emerging methods for the 

humane, large-scale on-farm killing of poultry during emergency animal disease (EAD) responses. 

This work has been commissioned by the Department of Agriculture, Fisheries and Forestry (DAFF) to 

ensure that national guidance reflects current scientific understanding, recent international 

developments, and practical experiences from recent depopulation events. It presents an updated 

scientific opinion on the associated animal welfare risks, practical limitations, and implementation 

considerations of each method. The findings are intended to support evidence-based decision-

making during EAD response planning and operations.  

This review is particularly timely in light of recent and ongoing disease events in Australia and 

overseas. In 2024-2025, Australia experienced outbreaks of High Pathogenicity Avian Influenza (HPAI) 

in Victoria, New South Wales and the Australian Capital Territory (DAFF, 2025), which placed greater 

focus on depopulation capacity and highlighted the challenges of humane, large-scale on-farm 

destruction. Internationally, ongoing outbreaks of HPAI have prompted significant refinements in 

depopulation strategies, including the evaluation and deployment of alternative gas and foam-based 

destruction methods. These events have reinforced the urgent need for Australia to have access to a 

broader, evidence-based toolkit of humane, adaptable, and operationally feasible mass destruction 

methods that can be implemented rapidly under field conditions. 

While the primary focus of this review remains on emergency animal disease (EAD) responses,  it also 

recognises that the humane on-farm killing of poultry may be required in a range of other scenarios. 

These include natural disasters, infrastructure failures, and the depopulation of non-viable or surplus 

flocks. In all such situations, the destruction methods used must be consistent with relevant national 

legislation and international guidelines. 
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1 Project objectives 
The project addresses the following objectives: 

❖ A review of scientific literature published between 2021 and 2025 on methods for large-

scale, on-farm depopulation of poultry to complement the existing body of work and provide 

a comprehensive overview of current scientific understanding. 

❖ A review of current Australian standards and guidelines for the humane destruction of 

poultry on-farm, including the AUSVETPLAN Operational manual: Destruction of animals. 

❖ A review of international standards, methods used, and guidelines and regulations relating to 

the humane destruction of poultry on-farm (for example, New Zealand, Europe, the United 

Kingdom, Canada and the United States of America). 

❖ An evaluation of the animal welfare performance of destruction methods, along with an 

evidence-based animal welfare assessment of new or emerging destruction methods that 

have come into use or been scientifically validated since 2021.  

❖ A scientific opinion on whether the destruction methods are acceptable for inclusion in 

standards and guidelines for the humane destruction of poultry.  

❖ A review of methods suitable for large-scale poultry depopulation, for example, during an 

emergency animal disease outbreak. Consideration is given to the different commercial 

poultry production systems. 

❖ A review of best practice recommendations for acceptable methods, including, where 

necessary, revision of prescriptive detail that clearly describes how each method should be 

applied to minimise animal welfare hazards (for example, gas concentrations and method of 

delivery, monitoring of birds and determination of death). 
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2 Methodology 
Poultry at different stages of production may have to be killed on-farm for reasons other than 

slaughter for human consumption. This may include both individual animals and large-scale (mass) 

destruction (for example, for disease control). 

2.1 Selected standards and guidelines 
The initial phase of the project aimed to determine whether any relevant national or international 

standards and guidelines had been revised since 2021. The subsequent component of this phase 

involved a detailed examination of the nature and scope of those updates, with particular attention 

to recommended methods for the mass destruction of poultry (Table 1). The objective was to 

evaluate how current approaches have evolved in response to new scientific evidence, 

advancements in operational practices, and shifting expectations regarding animal welfare. 

The following national and international documents were included in the review: 

❖ AUSVETPLAN Operational Manual: Destruction of Animals (Version 5.0, 2025) 

❖ Australian Animal Welfare Standards and Guidelines for Poultry (2022) 

❖ WOAH Terrestrial Animal Health Code (2024) 

❖ AVMA Guidelines for the Euthanasia of Animals (2020) 

❖ AVMA Guidelines for the Depopulation of Animals (2019) 

❖ Ministry for Primary Industries Code of Welfare: Meat Chickens (2018), NZ 

❖ EU Council Regulation (EC) No 1099/2009 on the protection of animals at the time of killing. 

❖ National Farm Animal Care Council Code of Practice for the Care and Handling of Hatching 

Eggs, Breeders, Chickens and Turkeys (2016), Canada  

❖ RSPCA Approved Farming Scheme Standard - Meat Chickens (2020). RSPCA Australia  
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Method AUSVETPLAN 
Operational 

manual: Destruction 
of animals 2025 

DAFF 2022, 
Australian Animal 
Welfare Standards 
and Guidelines for 

Poultry 

WOAH Killing of 
Animals for Disease 
Control Purposes – 

Chapter revision 2022 

(WOAH Terrestrial 
Animal Health Code, 

2024) 

AVMA Guidelines 
for the euthanasia 

(2020)  and 
depopulation (2019) 

of animals 

Ministry for Primary 
Industries. (2018). 
Code of Welfare: 

Meat Chickens. NZ 
Government1 

National Farm 
Animal Care Council 

Code of Practice 
(2016), Canada 

RSPCA Approved 
Farming Scheme 

Standard — Meat 
Chickens 2020 

Regulation (EC) No 
1099/2009 on the 

protection of 
animals at the time 

of killing. 

Carbon dioxide ✓ ✓ ✓ ✓  ✓ ✓ ✓ 

Nitrogen or inert gas ✓ ✓ ✓ ✓  ✓  ✓ 

Inert gas + CO2 ✓ ✓ ✓ ✓ ✓  ✓ ✓ 

Foam: Water-based ✓ ✓  ✓   ✓  

Foam: Gas-filled ✓ ✓  ✓   ✓  

Injectable agent ✓ ✓ ✓ ✓  ✓  ✓ 

Penetrative captive 
bolt 

✓ ✓ ✓ ✓  ✓ ✓ ✓ 

Non-penetrative 
captive bolt 

✓ ✓ ✓ ✓  ✓ ✓ ✓ 

Manual blunt force 
trauma 

✓ ✓  ✓  ✓  ✓ 

Neck dislocation ✓ ✓ ✓ ✓ ✓ ✓  ✓ 

Decapitation ✓ ✓ ✓ ✓  ✓   

Firearm (gunshot)  ✓ ✓ ✓    ✓ 

 

 

 

1 The Ministry for Primary Industries (2018) Code of Welfare: Meat Chickens. This Code also recognises any other methods used for humane destruction of chickens 

(referred to in the WOAH Terrestrial Animal Health Code, when performed under veterinary supervision 
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Method AUSVETPLAN 
Operational 

manual: Destruction 
of animals 2025 

DAFF 2022, 
Australian Animal 
Welfare Standards 
and Guidelines for 

Poultry 

WOAH Killing of 
Animals for Disease 
Control Purposes – 

Chapter revision 2022 

(WOAH Terrestrial 
Animal Health Code, 

2024) 

AVMA Guidelines 
for the euthanasia 

(2020)  and 
depopulation (2019) 

of animals 

Ministry for Primary 
Industries. (2018). 
Code of Welfare: 

Meat Chickens. NZ 
Government1 

National Farm 
Animal Care Council 

Code of Practice 
(2016), Canada 

RSPCA Approved 
Farming Scheme 

Standard — Meat 
Chickens 2020 

Regulation (EC) No 
1099/2009 on the 

protection of 
animals at the time 

of killing. 

Head-only electrical 
stunning 

 ✓  ✓ ✓   ✓ 

Water-bath 
electrical stunning 

 ✓ ✓ ✓    ✓ 

Oral agent   ✓ ✓     

LAPS ✓ ✓ ✓ ✓     

Ventilation 
shutdown 

✓        

 

Table 1 Summary of the methods referenced in the national and international standards and guidelines. 
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2.2 Literature search and selection 
The literature search utilised the Adelaide University database subscriptions. The electronic literature 

databases included were: 

❖ Web of Science - Peer-reviewed/ Conference proceedings 

❖ Scopus - Peer-reviewed/Conference proceedings 

❖ Derwent Innovations Index - Patents 

The literature search was conducted between 1 and 15 June 2025 and all the articles retrieved were 

imported into EndNote for reference management, where duplicate records were removed. The 

curated list was then exported to an Excel spreadsheet to facilitate sorting, alignment with the 

review framework, and synthesis of findings. The search covered publications from 16 December 

2021 to 1 June 2025. 

Primary searches of the publication title were conducted using the following species/type name (or 

variants of): 

❖ Poultry 

❖ Chicken (Broiler, meat) 

❖ Hen (Layer, pullet) 

❖ Turkey (Poult) 

❖ Duck 

❖ Geese 

❖ Pheasant 

❖ Quail 

❖ Partridge 

Secondary searches of the publication title included the following key words: 

❖ Depopulation 

❖ Euthanasia (Euthanise/euthanase) 

❖ Kill (killing) 

❖ Destruction 

❖ Cull (culling) 

Additional searches were conducted using the species or farmed bird type as the primary term, 

combined with key terms related to the specific methods listed in Table 1. The search methodology 

was structured to minimise the risk of unintentional bias in the selection of studies for this review. 
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The majority of relevant publications originated from Europe and North America, and it is therefore 

acknowledged that factors specific to Australian conditions, environments, and farming practices 

may not be fully represented in the available literature. 

The initial literature search identified 38 publications. Titles and abstracts were screened for 

relevance, resulting in 14 articles selected for critical appraisal. Screening was performed according 

to predefined inclusion and exclusion criteria. Relevant data from the selected publications were 

systematically extracted and organised in an Excel spreadsheet, which was structured to facilitate 

sorting, tabulation by thematic field and focus area, and subsequent synthesis. 

2.3 Overview of the literature identified 
The available literature indicates that research has primarily focused on inhalational agents, including 

both established and novel compounds, as well as alternative delivery techniques and mechanical 

methods. Most studies have been conducted on broilers, with limited data on other poultry species 

such as ducks or turkeys. Since 2021, there has been increasing access to non‑peer‑reviewed field 

trial reports on mass depopulation methods. Although these reports are often not published in 

scientific journals, they provide valuable insight into the practical application of depopulation 

techniques under field conditions. This recent work has placed greater emphasis on logistical 

considerations, including the timeliness of depopulation during disease outbreaks, biosecurity 

containment, and the operational feasibility of different methods under resource constraints. A 

notable example occurred during the COVID‑19 pandemic, when limited CO₂ availability constrained 

the implementation of some depopulation methods at scale. 
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3 Introduction to mass destruction 
methods for poultry 

3.1 Definitions 
It is first necessary to clarify the meaning of the term ‘humane’. Central to this concept is an 

understanding of the states of consciousness and unconsciousness. There are many definitions of 

consciousness, but in general it is associated with the awake state and the ability to perceive, 

interact and communicate with the environment and others (Zeman, 2006). Unconsciousness (the 

opposite of consciousness) is defined as: ‘a state of unawareness (loss of consciousness) in which 

there is temporary or permanent disruption to brain function. As a consequence of this disruption, 

the unconscious animal is unable to respond to normal stimuli, including pain’ (EFSA, 2006). If an 

animal is conscious or if it regains consciousness, pain, fear and distress can be experienced. 

Humane destruction methods should ideally induce an immediate state of general unconsciousness 

that lasts until death occurs (EFSA, 2004). Under practical conditions, EFSA (2006, 2004) has defined 

immediate (or instantaneous) as “unconsciousness occurring within 1 second” of the intervention 

being applied. For methods that do not induce immediate unconsciousness, any alternative 

procedure should ensure: 1) the absence of pain, distress and suffering until the onset of 

unconsciousness, and 2) that the animal remains unconscious and insensible until death. Methods 

using inhalational, oral and injectable agents fall into this category as unconsciousness is induced 

gradually (Gerritzen and Raj, 2009). The method must either kill the animal whilst it is unconscious or 

result in a duration of unconsciousness that is longer than the time needed for a secondary (or 

terminal) procedure to kill the animal (Gerritzen and Raj, 2009). 

Therefore, the assessment of mass destruction methods focuses on the ability of the identified 

methods to produce a state of unconsciousness, without the animal feeling pain, fear or distress and 

which lasts until the animal is dead. To achieve this in a practical situation and to align with existing 

literature and guidelines, the following needs to be considered: 

• The type of handling and restraint required to perform the method 

• The time to loss of consciousness and likelihood that poultry experience pain and distress prior 

to loss of consciousness, and 

• Ability to maintain a state of unconsciousness until the animal is dead. 

The killing methods that have been identified as relevant for poultry can be grouped into five 

categories: (i) Inhalational agents; (ii) Oral agents; (iii) Injectable agents; (iv) Mechanical; and (v) 

Electrical. A sixth category, called ‘Others’ includes Low Atmospheric Pressure Stunning (LAPS),  

ventilation shutdown (VSD) and ventilation shutdown plus the addition of heat or carbon dioxide 

(VSD+). For the electrical methods, head-only electrical stunning (followed by a killing method, such 

as cervical dislocation) and electrocution (using a water-bath and head-to-cloacal electrical stunning) 

are considered. Mechanical methods include penetrative captive bolt, non-penetrative captive bolt, 

manual blunt force trauma, neck dislocation, decapitation and gunshot. Inhalational agents include 

gases and foams administered either in containers, often referred to as containerised gassing units 
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(CGU), or directly within the housing environment through whole‑house gassing (WHG) or foaming. 

Injectable agents include barbiturates and barbiturate derivatives, whilst oral agents study the use of 

alpha-chloralose and sodium nitrite. Most of the methods will result in the death of the bird, whilst 

others will need to be followed by a secondary (terminal) procedure to ensure death. 

The review provides a scientific opinion on methods that are acceptable or unacceptable on welfare 

grounds and their suitability for inclusion in standards and guidelines for the humane mass 

destruction of poultry. Interestingly, many of the articles that study the suitability of methods for 

humane killing on-farm tend to focus on the capacity to result in 100% lethality as an indicator of 

efficacy, rather than whether the method induces immediate unconsciousness. Consequently, some 

of the methods recommended in the literature and source documents would not satisfy the criteria 

for being ‘humane’ (inducing unconsciousness without causing pain, fear or distress). The ultimate 

decision regarding the selection of methods for mass destruction requires scrutiny from an animal 

welfare perspective, but also the consideration of additional process requirements such as 

biosecurity, cost, aesthetics and safety. 

3.2 Mass destruction requirements 
When considering methods for the mass destruction of poultry, it is important to remember that it 

may be an atypical situation (such as an emergency disease outbreak), where the ideal choice of 

method may not be available or may be affected by the prevailing conditions.  Achieving an 

acceptable animal welfare outcome is a multi-faceted challenge, particularly when trying to balance 

it with the safety of personnel, biosecurity and environmental requirements and production 

conditions. EFSA (2019) provides a scientific opinion on the killing of poultry on-farm (other than for 

commercial slaughter) and describes the different scenarios where large-scale killing (mass 

destruction) may be required. Mass destruction for disease control involves the killing of all birds in 

at least one biosecure area, such as a poultry house. More often, and depending on the nature of the 

disease, it involves the killing of all birds at the premises involved or at several farms in an area with 

the aim of preventing the spread of the disease (Berg, 2009; EFSA, 2008). 

The general principles for the welfare of livestock during humane destruction for disease control are 

detailed in the WOAH Terrestrial Animal Health Code (WOAH, 2024) and summarised in a review of 

killing animals for disease control purposes (Thornber et al., 2014). Animal welfare considerations 

during the selection of methods for the mass destruction of poultry, based on existing literature and 

guidelines (Berg, 2012; AVMA, 2020; WOAH, 2024; Galvin, et al 2005; EFSA, 2019; EFSA, 2024; AWC, 

2023, 2024) include: 

• Suitability for poultry type - Influence of bird age, size and type on effectiveness 

• Required competencies - Knowledge and skill requirements 

• Handling and restraint - Degree of handling and restraint required for application 

• Induction and immediacy - Efficacy of induction of unconsciousness in a mass destruction 

scenario 

• Confirmation of death - Ease of confirming death prior to disposal 
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• Disease control objectives - Impact of the method on biosecurity and spread of disease. The 

chosen methods should facilitate carcass (and disease) containment and minimise contact with 

animals and infectious material 

• Animal welfare concerns if applied inappropriately - The primary objective of a selected method 

is to kill the animals without causing undue pain or distress. The consequences of inappropriate 

use or ineffective application may be more significant for some methods compared to others. 

Process considerations during the selection of methods for mass destruction include (Berg, 2012; 

AVMA, 2020; WOAH, 2024; Galvin et al., 2005; EFSA, 2019): 

• Human safety - Physically safe with low psychological impact for the human operator or other 

bystanders. Minimising human-animal interaction is advisable, particularly during zoonotic 

disease outbreaks, therefore methods which limit contact with animals are preferred. The 

impact of mass destruction activities on mental health is also important 

• Suitability for production system - Ease of application and carcass removal after killing. 

Differences in farm size, location and housing type will influence the choice of method. In some 

production systems, it may be necessary to move birds out of their housing to perform the 

killing process, as housing design may influence the efficacy of the killing process 

• Availability - Access to equipment, personnel and any additional necessary resources. The 

availability of equipment and resources will influence how quickly mass destruction can be 

completed and consequently influence the associated animal welfare outcome. Some methods 

may require specialist restraint or container systems which may not be readily available in the 

locality 

• Efficiency of the process - Ability to complete the whole process in a timely manner. Methods 

for mass destruction should result in the death of a large population of birds in a quick and 

effective manner. Delays in the time taken to complete the process can have numerous welfare 

implications. For example, in diseased poultry, delays can lead to further suffering as the 

disease progresses 

• Environmental impact - Specific impact of disposal of carcasses and process waste on the 

environment. The environmental impact of chemicals must be considered in terms of the final 

disposal method on a locality basis 

• Aesthetics - Acceptability for operators, the public (media) and community impact. Killing of any 

animal can be confronting, particularly when on a large scale. Particular aspects that are 

aesthetically challenging are behavioural responses such as vocalisation, escape attempts (wing 

flapping) and gasping as well as visible blood or carcass damage. Methods performed outside 

poultry housing may, if possible, need to be screened from onlookers, including from the air 

(drones) 

• Cost - Capital and operating costs. 

The methods reviewed were considered against these objectives and conditions of mass destruction 

to identify a group of methods that are not only acceptable in relation to animal welfare but are also 

appropriate during a large-scale destruction under different field conditions. The preferred methods 

are presented in Table 2. Conditions of use and assessment criteria for the application of the 
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recommended methods under field conditions were also considered and detailed in Table 2. 

However, the development of detailed methodologies (for example, work instructions or standard 

operating procedures) for the application of the recommended methods for large-scale destruction 

was outside the scope of this project. It is recommended that this is undertaken in the future.  

For each method, a description on how it is technically and practically carried out in the context of 

mass destruction (for example, applied when birds are in house, in containers or in a restraint device) 

is provided. In addition, for each process, scientific information on the welfare hazards and the 

relevant welfare consequences that can occur, are also reported. 

3.2.1 Required competencies 
During the mass destruction of poultry within a production environment, the activities around 

handling, restraining, stunning and killing are broadly comparable with the equivalent operations 

used by qualified stock people on-farm and in a processing plant environment. The need to handle 

and restrain individual birds will vary between methods. Appropriate skill, attitude and knowledge is 

essential in performing effective humane killing (Thornber et al., 2014; WOAH, 2024), with some 

methods requiring more complex skills to undertake. For all methods it is essential that competent, 

responsible and accountable personnel are present to confirm signs of death before carcass disposal 

(EFSA, 2013). In a report on the on-farm killing of poultry (EFSA, 2019), 29 hazards related to killing 

processes were identified and characterised, with ‘personnel’ identified as the origin for 26 hazards, 

and 24 hazards being attributed to lack of the appropriate skill set needed to perform the task, or 

fatigue. More recent industry experience, such as that reported by Livetec Systems (Livetec, 2024), 

has highlighted the importance of robust operational planning, clearly defined roles, and immediate 

access to appropriate equipment during poultry depopulation events. Facilities that maintained 

comprehensive emergency response protocols consistently achieved faster execution with fewer 

associated welfare concerns. 

3.2.2 Handling and restraint 
Mass destruction activities may involve handling individual birds and sometimes moving them from 

production sheds to a central killing point. The duration and nature of handling will affect animal 

welfare outcomes, due to the potential to cause pain and fear. Potential methods of mass 

destruction can be divided simply into two categories: those that require handling of individual birds 

and those that do not. To reduce the likelihood of pain and fear related to moving and handling, 

selecting a killing method that requires less handling and restraint could be favourable. Animal 

welfare hazards and animal-based measures associated with the handling and restraint process are 

discussed in the context of on-farm destruction of poultry in the EFSA review (EFSA, 2019). 

Movement of poultry during an infectious disease outbreak is discouraged and, in many cases, 

prohibited for biosecurity reasons, therefore methods that allow birds to remain inside the 

production environment could be preferable in a mass destruction situation. If birds must be handled 

prior to killing, compassionate and professional handling techniques should be practiced (EFSA, 

2019). The Terms of Reference for the EFSA scientific opinions on laying hens (EFSA, 2023a), ducks, 

geese, and quail (EFSA, 2023b), and broiler chickens (EFSA, 2023c) do not include the assessment of 

methods for killing or mass destruction. Instead, these opinions focus on housing systems, 

management practices, welfare consequences, and animal-based measures related to the birds' 

welfare on farm. Many of the topics covered, such as handling procedures, stress reduction, and 

monitoring of welfare indicators, are relevant in the context of mass destruction or emergency 
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depopulation. Proper handling and the use of validated welfare indicators can help reduce distress 

and suffering during such events. Therefore, although the killing methods themselves are outside the 

scope of these reports, the welfare considerations they discuss provide useful guidance for managing 

birds humanely during large-scale culling operations. 
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4 Inhalational agents 
The use of inhalational agents, in particular carbon dioxide (CO2), for the purpose of killing poultry 

has been studied mainly in the context of processing for human consumption. While CO₂ systems are 

routinely employed for stunning birds prior to slaughter, mass destruction scenarios present 

opportunities to explore other gases, gas mixtures, and alternative delivery methods. In the context 

of this review, inhalational agents include: 

• Carbon dioxide (CO2) 

• Inert gases (for example, nitrogen and argon) 

• Gas mixtures (inert gases + CO2) 

• Low-medium expansion water-based foams (air and gas-filled) 

• High expansion foam (gas-filled). 

The advantages of different inhalational agents as well as the different delivery methods have been 

reviewed previously (Gerritzen, 2006; Gerritzen et al., 2006; Raj et al., 2006; Raj, 2008a; Sparks et al., 

2010; McKeegan et al., 2011; EFSA, 2024). Under conditions of mass destruction, gases have been 

used in containers and introduced into the whole shed/house (whole-house gassing or WHG). 

From the literature review, it appears that carbon dioxide (CO2) is the primary gas used for mass 

destruction of birds (applied as whole-house gassing and in containers), whilst inert gases are used 

less frequently. Carbon dioxide and inert gases do not induce unconsciousness immediately, so 

possible aversive reactions and respiratory effects in the conscious phase are important animal 

welfare considerations (McKeegan et al., 2007; 2011). When CO2 is used under commercial 

processing conditions (when processing poultry for human consumption), the predominant method 

involves exposing poultry to a rising concentration of the gas. Birds are first exposed to a relatively 

low concentration of CO2 (<40% CO2 by volume in air), and then, once the birds are unconscious, the 

concentration is increased (approximately 80% - 90% CO2 by volume in air) to ensure 

unconsciousness that lasts until death. Gradual exposure in this way avoids the aversive reactions 

observed in conscious poultry when exposed to high CO2 concentrations. During exposure to a 

concentration of <40%, loss of consciousness is indicated by loss of posture. However, as poultry 

have chemoreceptors which are sensitive to carbon dioxide, they will react in the form of 

headshaking and gasping, to the presence of CO2 at relatively low concentrations (McKeegan et al., 

2007). This is not thought to be a sign of aversion (EFSA, 2019).  

Much of the published research into the use of CO2 and inert gases involves the application to meat 

chickens in a commercial setting. The use of CO2 methods for other poultry species is limited, 

although EFSA (2019) states that a residual oxygen (O2) of 5% by volume or less created using a 

mixture of 80% by volume of argon and 20% by volume of carbon dioxide will cause death in 

pheasants, quails, chickens and turkeys within 2 minutes. Ducks and geese require residual O2 of 2% 

by volume or less to cause death within 2 minutes of exposure to this gas mixture (Raj et al., 2008a). 

When using CO2, Van den berg and Houdard (2008) suggested that waterfowl, such as ducks and 

geese, required longer exposure times and concentrations of above 70% CO2 to ensure an effective 

killing process. 
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Since 2021, additional industry reviews have examined inhalational methods for poultry destruction, 

including significant advances in novel gas delivery techniques. In July 2024, the European Food 

Safety Authority (EFSA) published a scientific opinion evaluating the use of high-expansion nitrogen 

foam for stunning and killing pigs and poultry. 

4.1 Containerised gassing methods 
The use of carbon dioxide (CO₂) or inert gases in containers allows for greater control over the 

process and choice of inhalation agents compared with whole-house gassing. However, this approach 

typically requires individual handling of birds, which can increase labour demands and potential 

welfare risks associated with manual capture. The use of different container designs has been 

described previously for different poultry species (Turkeys: Kingston et al., 2005; Meat chickens: 

Gerritzen et al., 2006; Layers: Webster and Collett, 2012). The early use of containers (for example, 

skips and waste bins) was criticised due to issues with the management of gas concentration and the 

methods used to introduce the birds into the vessels. An inherent problem with the simpler 

containers is that it is difficult to apply CO2 as a rising concentration, and as such, birds are usually 

placed into a prefilled container. This means that the CO2 concentration at the bottom of the 

container is usually around 100%, which poultry would find highly aversive and potentially painful 

(EFSA, 2004). It is also difficult to introduce birds into the container in a controlled manner, and they 

are often dropped through a small opening. To avoid compression and suffocation, it is important 

that each batch of birds dropped into the container is allowed sufficient time to die before adding 

the next batch of birds (Webster and Collett, 2012). Welfare can be compromised if there is an 

insufficient interval between the introduction of batches of birds. Furthermore, when CO2 is used in 

containers, birds can be loaded as a steady stream without the need to seal the container for gassing, 

however when using inert gases, birds have to be loaded and killed in batches to ensure that the 

container remains sealed and residual O2 is maintained below 2%. The stress associated with 

individual bird handling can be ameliorated by placing birds into transport crates immediately after 

catching and then placing the crate into the gas container (Raj et al., 2008a). 

To eliminate some of the potential issues identified in the previous paragraph, containerised systems 

have been developed which allow for improved bird handling and the controlled use of less aversive 

gas mixtures. The commercially available Containerised Gassing Units (CGUs) (Livetec, 2022) can 

process up to 10,000kg per hour and allow birds to remain in standard transport crates after 

catching. The system uses a gas mixture of argon and 20% CO2, which is known to be less aversive to 

poultry than high concentrations of CO2 (Raj et al., 2008a). Chickens and turkeys are exposed to the 

gas mixture for around 3 minutes to ensure death. Longer dwell times (around 5 minutes) have also 

been used with this system to effectively kill ducks and geese. 

Since 2021, the use of inert gases such as nitrogen and argon in containers has gained renewed 

attention, driven by increased recognition of their welfare advantages, expanding operational 

experience and difficulties in sourcing CO2. Inert gases (argon and nitrogen) induce unconsciousness 

by displacing O2 from air inside a container. Unlike high concentrations of CO₂, nitrogen is an inert, 

tasteless, and odorless gas (Wang et al., 2021) and notably, birds lack specialised chemoreceptors to 

detect increased nitrogen levels. Consequently, the presence of elevated nitrogen levels does not 

trigger the sensation of “air hunger” or the hypercapnic respiratory distress typically caused by 

elevated CO₂ exposure. As a result, inhalation of inert gases is generally considered non-aversive to 

birds. In a review of gaseous methods for on-farm poultry killing, Raj et al. (2006) concluded that 
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inert gas mixtures are preferable to direct exposure to high concentrations of CO₂. Nevertheless, 

uncertainty remains regarding whether birds experience air hunger due to anoxic conditions and 

reduced oxygen levels (EFSA, 2024). 

Developments in containerised gas systems have focused on refining operational safety, bird 

handling, gas delivery, and exposure control. Containerised Gassing Units (CGUs), such as those 

described by Livetec (2022), now allow birds to be processed in standard transport crates without 

additional handling, thereby reducing stress and improving throughput.  

4.2 Whole-house gassing methods 
Using CO2, inert gases or gas mixtures to kill birds inside their production system is often termed 

whole-house gassing (WHG). It was developed to kill large numbers of birds in a short period of time, 

whilst avoiding individual bird handling and contact with infectious material (Raj et al., 2006). 

4.2.1 Whole-house gassing using Carbon dioxide (CO2) 
The chemical properties of CO2 (for example, it is heavier than air) allow it to be effectively held in a 

sealed building (even when absolute sealing is difficult to achieve) (Gerritzen et al., 2006). It can be 

gradually introduced into the house, thereby inducing unconsciousness before a high concentration 

is reached (Gerritzen et al., 2007). Exposure to a final concentration of 45% CO2 in air is sufficient to 

kill chickens (Gerritzen et al., 2004), although death can be brought about more rapidly if birds are 

exposed to concentrations above 55% (applied once birds are unconscious) (Raj and Gregory, 1990). 

During whole-house gassing, the carbon dioxide concentration should be raised from 0% to at least 

45% in the air at bird height (EFSA, 2019). The time taken to reach the final concentration of CO2 will 

vary according to several factors, for example, the size of the house (cubic space to be filled), 

injection rate of the gas or the extent of sealing and leakage from the building. In a commercial trial, 

Sparks et al (2010) evaluated the use of liquid CO2 delivered through a single injection point into a 

shed containing 12,000 pullets and found that it took around 5 minutes to reach a concentration of 

45% at bird level. 

Gerritzen et al (2004) examined the suitability of different gases and gas mixtures for the whole-

house gassing of meat chickens. They found the optimum method to be a source of 100% CO2 (giving 

a concentration of around 40% at bird level), which killed all the birds in the shed. In addition to the 

lethality of a method, the time taken to induce unconsciousness and death is also important, with 

research showing that meat chickens die within 2-3 min when exposed to 45% carbon dioxide in air 

(EFSA, 2019). For whole-house gassing, it is important to ensure that all birds are dead before 

entering the house or evacuating the gas, therefore it is recommended that the birds are left 

undisturbed for at least 20 minutes after gas application (EFSA, 2019).  

The method by which inhalational agents are introduced to the birds can strongly influence the 

welfare outcome (Raj, 2008a). During whole-house gassing, CO2 is often injected as a liquid which 

vaporises inside the house (EFSA, 2019). Using a single injection point may result in the uneven 

dispersal of gas throughout the house, meaning that birds close to the injection site are likely to be 

exposed to a high concentration of CO2, compared to others located elsewhere in the house. The 

injection of liquid CO2 can also cause a substantial drop in temperature within the poultry shed. One 

study measured the temperature at -85℃ at bird level within 6 minutes of liquid CO2 injection 

(Sparks et al., 2010).  However, Sparks et al (2010) estimated that the time to unconsciousness was 
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around 38 seconds, at which time the temperature was not below 0℃, therefore they concluded that 

the extreme drop in temperature was not a welfare issue. Other researchers (McKeegan et al., 2011; 

Turner et al., 2012) also measured the physiological response of chickens to the use of liquid CO2. 

Both studies confirmed the results of Sparks et al (2010), concluding that it was unlikely that the 

birds had died of hypothermia. Despite these reassurances, EFSA (2019) still do not recommend the 

direct injection of liquid CO2 into the building. The use of multiple injection points, operating under 

high pressure, leads to a gradual increase of the carbon dioxide concentration in the whole building, 

which decreases the risk of birds being chilled or exposed to high concentrations of CO2 (EFSA, 2019). 

A method of pre-heating the liquid CO2 has also been developed to heat and vaporize the gas before 

it is injected into the building. This prevents a significant drop in temperature and allows even 

distribution of the gas throughout the house (EFSA, 2019; Livetec, 2022).  

Since 2021, commercial availability of whole-house CO2 gassing systems has expanded in Europe, the 

US and Canada (Livetec, 2022; TCC, 2024). Modern systems commonly employ multipoint CO2 

injection and gas monitoring (recording gas concentrations at 10 locations within the shed), 

temperature sensors and CCTV (with low light and infrared cameras) to remotely observe the 

behaviour of the birds. 

While no new peer-reviewed research post-2021 directly investigates whole-house CO₂ 

depopulation, most welfare and operational knowledge continues to be grounded in earlier scientific 

studies and is enhanced through recent operational reports and regulatory opinions. These updated 

reports emphasise operational considerations, such as multipoint injection systems, pre-heated CO₂ 

to avoid thermal shocks, gas concentration monitoring, video surveillance systems, and reinforced 

training protocols (Livetec, 2022). In comparison, a growing body of recent data on nitrogen-based 

alternatives is available from EFSA (2024), the UK Animal Welfare Committee (AWC, 2024), and 

Livetec field trials (AWC, 2024), contrasting with the limited literature on CO₂ use. 

4.2.2 Whole-house gassing using Nitrogen 
Prior to 2021, nitrogen and other inert gases had not been widely used for mass depopulation of 

poultry due to a range of practical and welfare-related concerns. One of the main challenges was the 

difficulty of sealing poultry houses effectively enough to reduce oxygen to levels required to induce 

unconsciousness and death through anoxia (EFSA, 2019).  Additionally, ensuring uniform gas 

distribution in large, complex poultry houses was technically difficult, and the large volumes of 

nitrogen required raised logistical, cost, and efficiency concerns. As a result, much of the early 

research focused on combining inert gases with CO₂ for whole-house depopulation (McKeegan et al., 

2006; Sandilands et al., 2011). Since 2021, however, whole-house nitrogen gassing has seen limited 

but increasing international use, with many earlier concerns addressed. In Italy, Cooperativa Agricola 

del Bidente has implemented a liquid nitrogen (LIN) system for whole-house poultry depopulation. In 

Canada, collaborative trials have evaluated and refined nitrogen gassing across a range of 

commercial production systems, including floor-reared broilers, conventional and enriched cages, 

and aviaries. These trials covered species such as broilers, spent hens, and turkeys, with flock sizes 

ranging from 2,000 to 40,000 birds per barn. Results suggest that the need for fully airtight poultry 

houses may be less critical than originally believed, especially when using liquid nitrogen.  

Upon release, vaporised liquid nitrogen is much colder and denser than ambient air, causing it to 

settle toward the floor of the building and displace the lighter, warmer air upwards. This natural 
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displacement facilitates the upward movement of air, which can then be vented from the structure, 

helping to achieve effective oxygen reduction without fully airtight conditions (Hill, 2025). A critical 

factor was the balance between the liquid nitrogen (LIN) injection rate and its vaporisation rate to 

ensure even nitrogen distribution throughout the facility and to prevent extreme temperatures at 

the height (or level) of the birds. Gradually increasing the flow of liquid nitrogen reduced bird distress 

during the process and improved gas uniformity. Animal welfare observations found that poultry 

began losing sensibility at oxygen levels between 8 and 10 percent, with complete loss of sensibility 

achieved by 6 percent oxygen. A dwell time of approximately three minutes was considered 

sufficient to complete depopulation while avoiding excessive cooling within the shed. The 

researchers concluded that adding more nitrogen than required to achieve the target oxygen level 

was counterproductive, as it increased nitrogen consumption, reduced operational efficiency, and 

unnecessarily lowered the shed temperature. 

Factors such as shed design, bird density, species variation, and uneven gas distribution affect the 

rate at which oxygen levels decline and their consistency throughout the environment. While 

scientific understanding of these factors is advancing, several aspects remain to be validated. Further 

research is both necessary and currently underway under commercial conditions to better establish 

the relationship between oxygen levels, loss of sensibility, and mortality under various operating 

conditions. 

4.3 Low and medium expansion water-based foams 
Foams are defined by their expansion ratio, which is the ratio of the volume of foam produced 

relative to the volume of solution used to generate it. Low and medium expansion foams have 

expansion ratios of 2-20:1 and 20-250:1 respectively (AWC, 2024).  Early research into the use of 

foams to depopulate poultry houses focused on water-based (air-filled) low expansion foams 

(modified fire-fighting foam). Water-based foams are produced using specialised equipment to mix 

foam concentrate, water and atmospheric air (and less commonly, an alternative gas when gas-filled 

foams are being used). The method involves covering floor reared birds with a blanket of foam, with 

bubble sizes suitable to occlude the airways and asphyxiate the birds (Thornber et al., 2014; Benson 

et al., 2007).  Occlusion of the airways caused by air-filled water-based foam is not recognised as a 

humane killing method in the guidelines for killing animals for disease control purposes by the World 

Organisation for Animal Health (WOAH) (WOAH, 2024). The use of low-medium water-based foams 

is not included as a euthanasia method in the AVMA Guidelines for the Euthanasia of Animals (2020); 

however, it is recognised by the AVMA as a suitable method for mass depopulation (AVMA, 2019). 

The USDA therefore allow its use under certain conditions, for example, disease control and 

containment. 

Low-medium expansion water-based foams have been trialled in meat chickens (Dawson et al., 2006; 

Benson et al., 2007), laying hens (Benson et al., 2012; Gurung et al., 2018a), turkeys (Benson et al., 

2012; Rankin et al., 2013), ducks (Benson et al., 2009; Caputo et al., 2012), partridges (Benson et al., 

2009) and quail (Benson et al., 2009). Application of the foam effectively killed all species, although 

not all the studies examined the time to loss of consciousness. Caputo et al (2012) examined the 

physiological response of ducks to the application of foam, to investigate the capacity of waterfowl 

to hold their breath when submerged. The results of the experiment demonstrated that apnoea and 

bradycardia, as a result of the diving reflex, occurred after submersion in the foam. This may have an 

impact on the time it takes to cause unconsciousness followed by death in ducks (P < 0.001; foam 
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mean, X = 142 seconds compared to mean X=77 seconds in CO2) and therefore should be considered 

during water-based foam depopulation. Benson et al (2007) measured the time taken to kill meat 

chickens in the growing shed when low expansion air-filled foam was used. Cessation of heart activity 

(via ECG measurement) took an average of 274 seconds from application. Post-mortem results 

indicated that birds had lesions in their respiratory system consistent with physically-induced 

hypoxia. Dawson et al (2006) used an accelerometer to assess time to cessation of movement and 

concluded that time to death in meat chickens was around 174 seconds.  

Evaluations in meat chickens, have indicated that low-medium expansion water-based CO2-filled 

foam is not more effective than air-filled foam (Benson et al., 2007; Alphin et al., 2010). Alphin et al 

(2010) used EEG monitoring (time to an isoelectric EEG) to compare low-medium water-based air-

filled and CO2-filled foam. An isoelectric EEG, indicative of brain death, was produced in 134 and 120 

seconds respectively. The likely reason for no measurable difference between air-filled and CO2-filled 

foam is that in low-medium expansion foams death is brought about by physical occlusion of the 

airways, rather than by inhalation of CO2 (which is held inside the small intact bubbles).  

A further study on hens by Gurung et al (2018b) examined the use of CO2 and N2 infused medium 

expansion water-based foams on physiological stress (via measurement of serum serotonin and 

corticosterone) and time to death (assessment of cessation of movement). The results showed that 

the reaction of hens to foam, with and without gas infusion, did not differ significantly. However, 

hens exposed to foam filled with nitrogen died earlier compared to birds exposed to both air and CO2 

infused foams. The authors concluded that N2-filled foam gave a better foam quality (with a higher 

expansion ratio), thereby shortening time to death compared to CO2-filled foam (which has a lower 

expansion ratio). 

When compared with CO2 gas systems, foam systems provided a shorter time to unconsciousness in 

three studies (Rankin et al., 2013; Benson et al., 2007, 2018), but a longer time to cessation of 

movement in a third study (Gurung et al., 2018a). Reasons for the conflicting outcomes are not clear 

but may be attributable to differences in the research methodologies. 

The EFSA opinion on the use of high-expansion nitrogen foam (EFSA, 2024) did not cover low and 

medium expansion water-based foams in its scope. It only evaluated high-expansion nitrogen-filled 

foam (>250:1) for poultry. This distinction is crucial, as earlier reviews (EFSA 2019) advised against 

the use of low- or medium-expansion foams due to welfare risks such as airway occlusion and animal 

distress. A formal response (signed by 868 veterinarians and students from 44 states and 36 colleges, 

including 504 AVMA members) to the AVMA’s draft Guidelines for the Depopulation of Animals, 

called for water-based foam to be reclassified as a Tier 3 method (‘not recommended’) for poultry 

depopulation, highlighting significant animal welfare concerns regarding this method. Under the 

AVMA framework, Tier 1 methods are considered preferred options because they are most likely to 

meet the requirements for animal welfare, human safety, depopulation efficiency, and practical 

constraints. Tier 2 methods are permitted for constrained circumstances, when Tier 1 methods 

cannot be implemented, although they may raise greater welfare or operational concerns. Tier 3 

methods are “not recommended” because they do not reliably meet the AVMA’s criteria for humane 

depopulation. These methods are considered unacceptable except in extreme circumstances, as they 

are less likely to induce rapid unconsciousness or death, may cause unnecessary distress, and can 
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present practical or safety challenges. They should therefore generally be avoided in poultry 

depopulation scenarios. 

4.4 High expansion gas-filled foam 
High expansion foams are categorised as those which have an expansion ratio of >250:1 and are 

sometimes referred to as dry foams (AWC, 2024). Their use was developed in response to concerns 

over the application of low-medium expansion foams (Raj et al., 2008b). 

The mass destruction method involves administration of the high expansion gas-filled foam into the 

poultry shed to create an atmosphere depleted of oxygen which then kills the birds. High expansion 

foams can also be administered in containers. Birds are usually placed in a container prior to it being 

filled with foam. The flow of foam should be sufficient to keep the birds covered during the wing 

flapping and convulsion phase that will occur due to rapid induction of the anoxic situation (EFSA, 

2019). The foam effectively acts as a gas delivery system, assisted by the movement of the birds 

which bursts the bubbles and releases the gas (EFSA, 2019). Foam with an expansion ratio of 

between 250:1 and 350:1 appeared to be the optimum compromise between foam stability, water 

content, bubble size and wetness, so that the airways are not occluded and suffocation does not 

occur (Gerritzen and Sparrey, 2008; Raj et al., 2008a, b; McKeegan et al., 2013a; Gerritzen and 

Gibson, 2016). EFSA (2019) recommends that the foam has an expansion ratio of at least 250:1. High 

expansion foams containing nitrogen or carbon dioxide have been considered for mass destruction of 

poultry in their sheds. 

A study by McKeegan et al (2013a) demonstrated that meat chickens, hens, ducks and turkeys could 

be humanely killed when N2- and CO2-filled high expansion foams were used. Post-mortem 

examination of the birds confirmed that they died from anoxia and the foam did not occlude the 

airways. During induction, birds did not display behaviours indicative of aversion or distress. The time 

to loss of consciousness was less than 30 seconds for all poultry species tested. The researchers 

concluded that the gas-filled high expansion foam produced rapid, humane killing due to the anoxic 

conditions produced (<1% O2 inside the foam). As observed with low-medium expansion foams, the 

use of CO2 in the foam did not appear to provide a welfare benefit over N2, and it was more 

challenging to deliver through foam generators due to the extreme cold produced (McKeegan et al., 

2013a). 

McKeegan et al (2013a) found that infusion with N2 produced a better quality and more consistent 

foam than CO2 and birds find the inhalation of nitrogen less aversive than CO2. For these reasons, the 

commercial development of whole-house high expansion foaming systems has focused on the use of 

N2-filled foam (Livetec, 2022). The commercial system (Nitrogen Foam Delivery System – NFDS) 

generates N2-filled foam with an expansion ratio of 350:1. The foam generator, when supplied with 

the correct pressure and flow rates of gas and foam solution, can generate up to 50m3 (1765 CU ft) of 

high expansion nitrogen foam per minute. This can fill a 30,000-bird meat chicken shed up to a height 

of around 5 metres in approximately 1 hour (Ranger Magazine, 2020). This type of commercial 

system has sufficient capacity to overcome some of the earlier concerns around ensuring sufficient 

foam generation to maintain efficacy. 

An EFSA scientific opinion (2024) provides a detailed evaluation of high-expansion nitrogen foam 

systems (delivered in containers) for stunning and killing poultry and pigs. The opinion reinforced and 
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expanded the findings of the first edition of this review, confirming that high-expansion nitrogen 

foam, when applied under specific technical conditions, induces rapid unconsciousness and death in 

poultry with welfare outcomes at least equivalent to approved methods such as controlled 

atmosphere stunning using CO2. The report highlights several welfare advantages, including a rapid 

onset of unconsciousness (typically within 60 seconds), the absence of aversive gas inhalation 

response, and the elimination of live bird handling. However, the group concluded that key 

knowledge gaps remain, including a lack of comprehensive data across different species, production 

systems, and housing types, particularly in multi-tier systems.  

One important disadvantage of high expansion foam is that its large bubble size increases fragility. 

Wing flapping and anoxic convulsions can prematurely burst the bubbles, potentially reducing 

exposure time and efficacy. Therefore, foam production capacity must exceed the rate of foam 

breakdown and gas dilution, which may not always be achievable in large poultry houses (EFSA, 

2019). This limitation may also affect the applicability of this method in systems with complex 

infrastructure.  

Poultry housing features vary widely, presenting challenges for foam application. For example, deep-

pit layer facilities may require increased foam volume or pre-treatment to seal pit access before 

foam deployment. Multi-tier cage or aviary systems, which include elevated platforms and nest 

boxes, can complicate foam distribution by necessitating greater foam height to reach upper levels 

and potentially disrupting foam flow or bubble stability, thereby limiting uniform coverage. In 

contrast, some poultry species and types are housed on a single level, although they may still include 

slatted floors or raised nest boxes. At the time of the first review, complex housing systems such as 

multi-tier cages were considered better suited to whole-house gassing rather than foam application. 

Further research was needed to address challenges related to the structural design and internal 

configuration of poultry houses.  

A recent commercial trial commissioned by APHA and reported by AWC (2024) demonstrated that 

the application of foam could effectively navigate complex housing features, indicating practical 

adaptability in such settings. Furthermore, the trial concluded that floor-based systems with litter on 

a single level was the most favourable house design for foam flow and distribution. It was suggested 

that foam application would be most efficient for litter-based broilers, broiler breeders, meat 

turkeys, and meat ducks. 

The EFSA scientific opinion (2024) also emphasises the need to strengthen the correlation between 

behavioural indicators and neurological indicators of insensibility. Operational considerations, such 

as reduced visibility during foam application and potential bird aversion, are noted as areas requiring 

further study. EFSA could not confirm the absence of air hunger and there is still uncertainty about 

whether birds experience dyspnoea in nitrogen-only atmospheres. In group trials reported by AWC 

(2024), birds displayed aversive responses to the advancing nitrogen foam front, including walking 

away from the foam and, in some cases, vigorous wing flapping or jumping upon contact. Birds often 

accumulated at the end of the pen, raising concerns about the potential for smothering during 

commercial-scale applications, particularly in layer hens. Researchers hypothesised that these 

behaviours were likely influenced by the visual impact of the foam under illuminated conditions 

rather than by aversion to the gas itself and suggested that reducing light levels could help mitigate 

such responses. Another welfare consideration is the potential for eye and skin irritation from the 
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foam constituents. However, in studies involving both broilers and laying hens, no behavioural signs 

of irritation were observed. Birds submerged in the air-filled foam remained calm and showed no 

signs of discomfort until retrieved, suggesting that the foam formulation used in these trials did not 

cause irritation in these species (AWC, 2024). 

4.5 Summary 
Inhalational agents can be introduced into the poultry shed to kill birds in situ or can be used in 

containers into which birds are placed. Whole-house gassing represents a highly practical and 

effective method for killing birds while they remain in their production system. The main advantages 

of killing birds within their production system is that handling or restraint of birds is not required, 

there is the potential to kill very large numbers of birds at the same time, and there is almost no 

contact between humans and infected birds (Sparks et al., 2010). The disadvantage of killing poultry 

within their production system is that the procedure is often more difficult to control. Buildings need 

to be effectively sealed to minimise gas leakage, especially when gas mixtures or inert gases are used 

(Galvin, et al 2005). However, recent findings suggest that this requirement may be less critical than 

previously assumed (Hill, 2025). Gas concentration or residual oxygen (when inert gases are used) 

therefore needs to be monitored at bird height from commencement through to completion of the 

process. Welfare issues that have been reported when using this method (Berg, 2014), include: 

• Failure to reach the required gas concentration 

• Extended time between ventilation shut down and gas application, resulting in heat stress, and 

• Significant gas leakage (sometimes affecting non-target birds on the same site). 

These welfare issues can be resolved by the effective management of resources, implementation of 

effective operating procedures and confirmed operator competency. To optimise the welfare 

outcome, whole-house gassing requires system parameters that can produce an outcome equivalent 

to that achieved in commercial Controlled Atmosphere Stunning (CAS) poultry processing systems. 

When using containers to hold the gas or gas mixture, limits in processing volume and the need to 

repeatedly load and empty the container incurs both logistical and operator safety considerations. 

Use of containers usually requires birds to be manually caught and placed into the container of gas. 

The distance birds need to be carried will depend on the placement of the containers and the design 

and arrangement of the poultry housing. Laying hens are arguably the poultry type most susceptible 

to handling damage, due to bone weakness and fragility related to osteoporosis (Gregory and 

Wilkins, 1989). Removing hens from laying systems, especially cages, and carrying them to the 

container of gas can expose them to injuries, including bone fractures. An advantage of containerised 

systems is that they can be used under a range of conditions where whole-house gassing may not be 

suitable, for example, for poultry in open-sided or multi-level housing or when buildings cannot be 

effectively sealed. The main disadvantage of containerised systems is the need to handle birds, not 

just from a welfare perspective, but also from an increased risk of exposing personnel to infectious 

agents (Gerritzen et al., 2004). Containerised systems can also be quite labour-intensive and may not 

provide sufficient capacity to cope with a disease outbreak on a large production site. The use of CO2 

in containers can only be recommended as a preferred method if the gas can be introduced to the 

birds as a rising concentration (exposing birds to less than 40% CO2 in air until unconscious) and birds 

are allowed sufficient time to die before subsequent batches of birds are added (Webster and 
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Collett, 2012). When inhalational methods are used, inappropriate flow rates or poorly sealed 

containers can lead to failure to euthanise poultry (if the gas concentration is too low or the residual 

oxygen is too high), or birds being exposed to aversive concentrations of gas (for example, when CO2 

gas concentration is increased too quickly). A short dwell time in the gas can also lead to poultry 

being unconscious, but not dead, and at risk of recovery. When gas is delivered in a foam, insufficient 

foam production rates or short dwell times can lead to failure to euthanise birds. It is important that 

inhalational agents are supplied in purified form without contaminants, preferably from a 

commercially supplied source, as contamination can increase aversion during induction or reduce 

efficacy. 

One of the challenges in drawing firm conclusions or ranking various gas mixtures lies in the large 

variety of research methodologies and assessment parameters used in published literature. There is 

no standardised protocol, so comparisons between published data are difficult. Most of the 

published research is in the context of the commercial use of controlled atmosphere stunning (CAS) 

in the processing plant. There have been fewer welfare assessments on the use of inhalational agents 

for mass destruction on the farm, however similar physiological and behavioural responses in the 

birds are observed.  

There are established animal-based indicators to assess the effectiveness of inhalational agents 

(EFSA, 2013). However, under conditions of mass destruction, it may be difficult to monitor these 

animal-based measures during their use, for example, when birds are covered with foam. Therefore, 

important parameters such as gas concentration and exposure time should be monitored to ensure 

that a sufficient exposure period is maintained. To support this, one company has developed a 

proprietary translucent foam (Hill, 2025), which may facilitate visual assessment during the 

procedure. When inhalational methods are used, poultry can remain in the system until death is 

achieved. During application, operators need to be able to monitor gas concentration and adjust flow 

rates and subsequently confirm death in individual birds. When using gas-filled foam, operators will 

require additional knowledge of foaming equipment and the ability to monitor and adjust foam 

production rates. Specific competencies required will depend on the complexities of the system and 

equipment used. 

Experimentally, exposure to inert gases is generally less aversive than exposure to gas mixtures 

containing high concentrations of CO₂, as it induces less pain, fear, and respiratory distress. In the 

first edition of this review, inert gases were described primarily in the context of containerised 

systems for mass depopulation events. Since then, promising work on nitrogen-based approaches, 

including whole-house gassing and the use of high-expansion foam, has demonstrated potential for 

broader on-farm application.   

An advantage in the use of foam over CO2 or gas mixtures is that it can be applied in poorly sealed 

buildings and naturally ventilated accommodation. It also only affects birds that are immersed so 

there is no risk of affecting non-target birds. Using low-medium expansion air-filled water-based 

foam was historically found to be logistically simpler than gas-filled foams, however, it still requires 

large volumes of water and foam generating equipment (Benson et al., 2012). Welfare assessments 

of low-medium expansion foams show that they effectively produce unconsciousness and eventual 

cardiac arrest (Benson et al 2012), however, available information indicates that physically-induced 

hypoxia due to occlusion of the airways is not acceptable from a welfare perspective. The use of high 
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expansion gas-filled foams is a more humane alternative as it does not cause physical obstruction to 

the airways. It also facilitates the use of inert gases in poultry houses where whole-house gassing 

with inert gases is not possible. High expansion foam systems may be more technically demanding 

than the low-medium water-based foam systems, however, the welfare advantages make this a 

preferred solution. 

Draft updates to the AVMA depopulation guidelines propose the inclusion of nitrogen-infused foam 

as a higher-tier option for poultry depopulation. In addition, open letters from veterinarians and 

welfare advocates have called for water-based foam to be downgraded to Tier 3 (“not 

recommended”) because of welfare concerns related to airway occlusion and suffocation, despite its 

current acceptance by the AVMA. 
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5 Oral agents 

5.1 Oral anaesthetics: Alpha-chloralose 
In the AVMA Guidelines for the Depopulation of Animals (2019), alpha-chloralose is described as a 

capture agent for sedating free-ranging birds during depopulation events. It has been used 

successfully in feed and water as a sedative for poultry prior to killing by cervical dislocation (Raj, 

2008). However, at concentrations of 3% or higher, alpha-chloralose is bitter, and birds may refuse to 

consume a lethal dose. The AVMA Guidelines for the Euthanasia of Animals (2020) notes that alpha-

chloralose is not an acceptable euthanasia agent due to the potential for severe adverse effects, 

aesthetically objectionable reactions, and the availability of more suitable alternatives. 

There are no new peer‑reviewed studies post‑2021 which demonstrate the effectiveness of 

alpha‑chloralose for sedation or the humane killing of poultry.  The UK Animal Welfare Committee 

(AWC) has noted that alpha-chloralose has not been tested at scale in emergency disease outbreaks, 

and it is uncertain whether it can reliably sedate whole flocks or mitigate the poor welfare outcomes 

associated with heat-based methods such as ventilation shutdown (AWC, 2023). 

5.2 Sodium nitrite 
Sodium nitrite ingested at high concentrations prevents the transport of oxygen in the blood and 

thereby renders an animal unconscious and then dead. The efficacy of sodium nitrite relies on the 

timely consumption of a toxic dose. In Australia, sodium nitrite was first identified in the 1980s as a 

possible oral killing agent for feral pigs. In December 2019, Animal Control Technologies (Australia) 

Pty Ltd registered HOGGONE microencapsulated sodium nitrite (MeSN) with the Australian Pesticides 

and Veterinary Medicines Authority (APVMA) as a bait for the reduction of feral pig populations. The 

use of sodium nitrite is recognised as a conditional method of euthanasia for pigs by the AVMA 

(2020) under constrained circumstances. However, its use in domestic pigs in Australia is relatively 

undeveloped, despite showing promising results in limited published and unpublished trials. A model 

for assessing the relative humaneness of pest animal control (Edition 2) was published in 2011 (Sharp 

and Saunders, 2011) and recognises the use of sodium nitrite for feral pigs but not for pest birds. 

Lay and Enneking (2020) investigated the use of sodium nitrite for the humane killing of hens. Laying 

hens (n=8 per treatment, 18 weeks of age) were subjected to 1 of 4 treatments: A, 75 mg/kg BW; B, 

150 mg/kg BW; C, 300 mg/kg BW; or D, 600 mg/kg BW of sodium nitrite in feed. The treated feed 

caused hens to become lethargic and eat and drink less. The reduced feed intake was probably due 

to sedation or the aversive taste of the sodium nitrite. Only one hen died during the experiment, 

therefore the researchers could not confirm that the application of sodium nitrite was a humane 

method of killing poultry. It was suggested that to improve intake of treated feed, future research 

should investigate feeding sodium nitrite in an encapsulated form. It should be noted that 

microencapsulation was the key factor in supporting palatability and stability and hence, effective 

lethal outcomes in feral and domestic pigs.  

Overall, no compelling new evidence supports the use of sodium nitrite as a humane or feasible 

method for mass destruction of poultry. Its use remains largely experimental, with significant 

practical limitations and no endorsement from major regulatory or welfare organisations for poultry 

depopulation. In 2022, Australia’s Therapeutic Goods Administration (TGA) reduced the allowable 
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concentration of sodium nitrite in general-use products from 40% to 15%, primarily in response to 

concerns about its misuse in humans rather than issues related to animal welfare (TGA, 2022). This 

regulatory change has implications for research and application of sodium nitrite as a destruction 

agent in poultry, as it may limit access to suitably concentrated formulations needed to achieve an 

effective outcome. 

The Animal Welfare Institute (AWI), a US–based animal advocacy organisation, recently issued its 

position on the use of sodium nitrite for the mass depopulation of poultry. This position was 

documented in a public submission to the American Veterinary Medical Association (AVMA) during 

the ongoing review of the current AVMA guidelines for the depopulation of animals. AWI argue that 

sodium nitrite should not be recommended for poultry depopulation due to significant concerns over 

animal welfare and inconsistency in effectiveness. 

5.3 Summary 
The efficacy of an oral agent relies on the timely consumption of a lethal dose. On this basis, there is 

no evidence to support the use of sodium nitrite and alpha-chloralose. Theoretically, the use of lethal 

oral agents would be best suited to poultry that are readily consuming feed and have a good 

appetite, and unsuitable where adequate feed or water consumption cannot be assured (for 

example, with sick birds). If an appropriate lethal oral agent became available, a secondary, terminal 

procedure, such as neck dislocation, may also need to be implemented to kill birds that have not died 

within the required timeframe. The use of an appropriate oral agent could potentially allow for large 

numbers of poultry to be killed without the need for individual handling and whilst remaining in the 

production system, which could provide an important welfare advantage over other available 

methods. The use of oral agents is unlikely to be affected by housing design. Consumption by non-

target species would not be a concern for indoor housing systems, however it would need to be 

considered if using the product in outdoor systems.  

The AUSVETPLAN Operational Manual (Animal Health Australia, 2025) does not explicitly recommend 

the use of oral agents for the mass destruction of poultry. However, in its section on oral agents, it 

specifies that “sedative agents include diazepam for mammals, and anaesthetic agents such as alpha-

chloralose for birds (licences or permits are required).”  No additional guidance or evidence has been 

provided by EFSA since 2019 which continues to advise against the use of toxic substances 

administered via feed or water due to concerns about efficacy, welfare impact, and palatability. 

Consequently, the use of oral agents such as sodium nitrite and alpha-chloralose for mass 

depopulation should be reconsidered only after further rigorous research has been completed, 

published, and reviewed. 
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6 Injectable agents 

6.1 Injection of barbiturate 
In the context of this review, injectable agents are barbiturates or their derivatives. Barbiturates 

depress the central nervous system, resulting in anaesthesia. With an overdose, deep anaesthesia 

progresses to apnoea due to depression of the respiratory centre, followed by cardiac arrest (AVMA, 

2020). Within Australia, anaesthetic compounds are scheduled substances under the Poisons 

Standard 2021 (Standard for the Uniform Scheduling of Medicines and Poisons (SUSMP) No. 33) and 

regulatory requirements specify that these agents can only be administered under the authority of a 

registered veterinarian.  

When injectable agents are administered, the route of administration will affect the outcome. 

Intravenous (IV) delivery is usually preferred (EFSA, 2019) as it achieves more rapid distribution of 

the agent whilst placement in other areas (for example, intraperitoneal) may reduce speed and 

efficacy as well as increase the likelihood of experiencing irritation or pain. Difficulties around the 

administration of injectable agents to birds also need to be effectively managed. When injecting into 

a vein, a small gauge needle should be used as avian blood vessels are more fragile than those of 

mammals and susceptible to haematoma formation. When the intraperitoneal route is used, it is 

important to position the needle carefully to avoid misdirection into the air sacs. According to 

manufacturer instructions, the doses, rates and routes of administration that cause rapid loss of 

consciousness followed by death should be used. Birds should be monitored to ensure the drugs 

have been effectively administered and death must be confirmed before carcass disposal (Berg, 

2012). Death can be confirmed by the complete absence of movements, breathing and a heartbeat. 

Barbiturates are known to heavily suppress respiration, and the breathing interval can also be quite 

long in birds that are still alive (EFSA, 2019). 

Injectable barbiturates can persist in animal carcasses. When carcasses have been insufficiently 

buried or left uncovered, these can cause secondary toxicosis (sedation and death) in animals that 

consume the remains. Compared with other methods of mass destruction, the use of injectable 

agents potentially has the highest cost per bird, associated with veterinary involvement and drug 

costs (EFSA, 2019). For example, a barbiturate for euthanasia (such as Lethabarb - 325 mg/mL 

solution of pentobarbitone) administered at 1ml/2kg body weight currently costs approximately 

$150 for 450ml. 

Administration of injectable agents requires handling of individual birds and therefore may not be 

suitable for killing large numbers of poultry during a mass destruction event. Despite this limitation, 

the use of an injectable agent can be a useful adjunct method for birds that have not been killed 

effectively by a primary method such as whole-house gassing or foam application. 

6.2 Summary 
Handling of some chemicals will require specific Chemical Safety competency or certification, and 

others may require veterinary registration to enable procurement and administration (Galvin et al., 

2005). Injectable agents usually need to be administered by a vet or under direct veterinary 

supervision only.  
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When injectable agents are used, there is also a risk of a non-lethal dose being administered, an 

inappropriate route of administration being used, or failed administration, all of which may inflict 

pain on the animal involved. 

For the killing methods that require poultry to be handled individually, the use of an injectable agent 

(administered intravenously) provides a humane option, resulting in a short time to death. However, 

the use of injectable agents for poultry in a mass destruction event is not practical, therefore it 

should be reserved for use as a back-up procedure or for small numbers of birds. 

Since 2021, there have been no significant updates or changes in evidence or regulations that would 

alter the controlled status or administration protocols for injectable agents in Australia. The 

preference for intravenous administration, associated technical challenges, operator safety, high 

cost, and limited suitability for large-scale depopulation continue to be important considerations. 

Injectable agents remain a valuable adjunct method for birds not effectively killed by primary mass 

destruction techniques, with ongoing evaluation of practical and welfare outcomes recommended. 
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7 Mechanical methods 
In the context of this review, mechanical methods used for poultry include: 

• Penetrative and non-penetrative captive bolt devices 

• Manual blunt force trauma 

• Cervical dislocation 

• Decapitation, and 

• Firearm (gunshot). 

7.1 Penetrative and non-penetrative captive bolt devices 
Penetrative captive bolt devices are designed to fire a retractable bolt through the cranium and into 

the brain of the animal. Penetrative captive bolts deemed suitable for poultry are normally powered 

by a blank cartridge or spring. Non-penetrative captive-bolt devices were developed as a humane 

method of killing poultry for use on-farm (Hewitt, 2000). The desired outcome for both penetrative 

and non-penetrative devices is for the impact of the bolt on the skull to result in concussion and the 

associated immediate loss of consciousness (EFSA, 2004). Bolt diameter, velocity (and penetration 

depth when penetrative devices are used) are important determinants of stunning outcome (EFSA, 

2004).  

In Europe, the use of captive bolts is stipulated in Council Regulation (EC) No. 1099/2009 as a 

potentially reversible (termed ‘simple’) stunning method, however, the structural damage to the 

brain may lead to rapid death of the animal (AVMA, 2020). In poultry, it has been demonstrated that 

when applied correctly, the force of impact and physical damage to the brain is sufficient to kill the 

bird (Hewitt, 2000; Raj and O’Callaghan, 2001; Erasmus et al., 2010a, b; Gibson et al., 2018). Raj and 

O’Callaghan (2001) suggested that a bolt diameter of at least 6mm driven at an air pressure of 

827kPa was necessary to kill chickens. Other researchers corroborated these parameters when using 

similar equipment to kill turkeys, ducks and geese (Erasmus et al., 2010a,b; Sparrey et al., 2014; 

Gibson et al., 2018).  

A variety of non-penetrative captive bolt devices, developed specifically for poultry, are commercially 

available. The Turkey Euthanasia Device (TED) is a mobile device powered by a mini propane Paslode 

canister that is used to kill poultry (chickens, turkeys, geese and ducks) in a range of weights from 

3.5kg chickens to 20kg turkeys. It produces immediate unconsciousness followed by brain death 

(Hulet et al.,2013; Gibson et al., 2018). A detailed manual for use of the Turkey Euthanasia Device is 

available on-line from Bock Industries (2016). In addition, a series of videos are available addressing 

TED use and troubleshooting (Bock Industries, 2019). A similar device, the Zephyr-EXL, runs off a 

compressed air power source (Bock Industries, 2016). Baker-Cook et al (2021a) examined the use of 

the Zephyr-EXL for killing meat chickens and found that the loss of consciousness was quickest in 

mechanically stunned birds when compared with birds killed using manual and mechanically assisted 

neck dislocation. The use of the Zephyr-EXL produced skull fractures in all birds examined, even 

though the device is regarded as non-penetrative device. The conical-shaped bolt head was shown to 

partially penetrate the head of the bird. The Cash Poultry Killer (CPK) is another mechanical device 
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that effectively kills poultry (Sparrey et al., 2014; HSA, 2021). Two types of CPK are currently 

available; an air-powered device which was initially developed for use on the production line in 

slaughterhouses and a cartridge-powered tool for on-farm use where an independent power source 

is essential (Hewitt, 2000). Although the cartridge-powered device is suitable for on-farm use, it 

would not be practical for killing large numbers of birds during mass destruction, as it can overheat 

when used continuously over extended periods of time. During a mass destruction event, the air-

powered CPK would be a better alternative. 

Penetrative captive bolts will usually require individual handling and restraint of birds for correct 

application (Boyal et al., 2020). Some non-penetrative captive bolt devices are operated without 

pressing them firmly against the head of the bird and therefore could be used on free-standing birds 

(Hewitt, 2000). Boyal et al (2020) described the development of a mobile bird euthanasia apparatus 

(MBEA) that could be used to restrain birds for mechanical stunning and enable effective euthanasia 

to be performed by a single operator. In addition to minimizing movement, securing the bird may 

also help to improve personnel safety (Erasmus et al., 2010). 

In a recent study by Boyal et al. (2024), various killing methods were evaluated for 65-week-old 

broiler breeders, addressing the challenges posed by manual cervical dislocation in large, mature 

birds. The Turkey Euthanasia Device (TED), demonstrated a 100% kill success rate and resulted in the 

abolition of physiological reflexes faster than mechanical cervical dislocation. 

7.2 Manual blunt force trauma 
Manual blunt force trauma involves the application of a physical blow to the head of the bird. It is 

performed by holding a bird by its legs, placing its head on a hard surface and delivering a manual 

blow to the back of the head with a hard object (European Commission, 2018). A percussive blow of 

sufficient force and accuracy will lead to brain concussion and death.  

Manual blunt force trauma is an approved stunning method for poultry (up to 5kg) in Europe (EU, 

2009); however, it cannot be used as a routine killing method on-farm and its use is restricted to 70 

birds per person per day. Cors et al (2015) concluded that a single, sufficiently strong hit placed in the 

frontoparietal region of the head led to a reduction or loss of the auditory evoked potential 

(indicative of unconsciousness) in all categories of poultry tested, including broilers, broiler breeders 

and turkeys (<16kg). This method has been reported by Erasmus et al. (2010a, b) to be effective 

when performed by a trained operator. However, the welfare risk associated with the use of manual 

blunt force trauma is the opportunity for operator error, resulting in inaccurate placement or a blow 

of insufficient strength. 

Since 2021, no additional published evidence or changes to relevant guidelines have emerged 

regarding the use of manual blunt force trauma for killing poultry. Existing guidance, including the 

AVMA Guidelines on Euthanasia (AVMA, 2020) and updated EU/UK frameworks, continue to allow 

manual blunt force trauma only under constrained circumstances, specifically when performed by 

trained, competent personnel and limited to individual animals or emergencies. 

7.3 Cervical dislocation 
Cervical dislocation can either be performed manually or mechanically (with the use of equipment). 

EFSA (2019) describes it as a killing, but not stunning, method and there are differences in opinion 
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regarding the effectiveness of cervical dislocation and its ability to result in immediate brain 

dysfunction. Several authors have concluded that manual cervical dislocation results in rapid loss of 

brain function and onset of brain death (Brainstem reflexes: Martin et al., 2018a; Jacobs et al., 2019; 

Musculoskeletal movements: Jacobs et al., 2019). The Humane Slaughter Association do advocate 

the use of cervical dislocation without prior stunning but stipulate that it should only be used in an 

emergency or for the slaughter of very small numbers of birds where preferred methods are not 

available (HSA, 2021).  

Other studies have shown that cervical dislocation may not lead to immediate brain death in turkeys 

or chickens and the researchers express concern over its use as a killing method (EFSA, 2004; Gregory 

and Wotton, 1990b; Erasmus et al., 2010a, b; Carbone et al., 2012; Bader, et al., 2014; Baker et al., 

2017). 

Successful manual cervical dislocation is dependent on the ability of the operator. Repeated success 

is also influenced by operator fatigue, bird size and bird type (Martin et al., 2018a, b). For example, 

performing manual cervical dislocation can be difficult in birds approaching 3kg or more. In Europe 

(EU, 2009), manual cervical dislocation may only be used for birds less than 3kg and is limited to 70 

birds per person per day. The limit on number is likely to be directly associated with the concern that 

the ability of the operator to produce a consistent stun will diminish with repeated applications 

(Jacobs et al., 2019), although this concern is not shared by all researchers (Martin et al., 2018b). In 

the study by Martin et al (2018b), evaluation of manual cervical dislocation showed that there was 

no evidence of reduced performance with time or increasing bird number (up to 100 birds).  

Mechanical cervical dislocation is often used for larger birds, where manual manipulation is likely to 

be more difficult. Mechanical devices dislocate by stretching or crushing. The equipment used for 

mechanical cervical dislocation by stretching typically consists of a restraining cone with hinged 

parallel bars below the apex of the cone attached to one of the legs. The bars are placed either side 

of the neck just behind the head of the bird. They are then gripped tightly together, and a sudden 

downward movement dislocates the bird’s neck. Several variations on the killing cone have been 

produced for different poultry species (Hewitt, 2000). In 2019, the Livetec NEX®, a hand-held 

mechanical neck dislocation assistance device, was commercially designed (Livetec, 2022) to improve 

the consistency of manual neck dislocation in poultry and gamebirds. 

Mechanical cervical dislocation devices that crush the neck are sometimes used for killing broiler 

chickens, though they are more commonly used for larger birds or game birds. The operator applies 

the pliers to the neck of the bird, just behind the head and squeezes the handles tightly so that the 

jaws meet. Jacobs et al (2019) compared the latency to the onset of brain stem death between 

manual neck dislocation and the use of the Koechner euthanasia device (KED) in slaughter age broiler 

chickens. The use of the KED was manipulated in some birds by extending the bird’s head at a 90o 

angle after application of the device (termed KED+). Onset of brain death was assessed using the 

time to loss of nictitating membrane reflex, gasping reflex and musculoskeletal movements. Manual 

cervical dislocation resulted in a quicker loss of reflexes and movement compared to KED and KED+ 

treatment groups. Reflexes were seen to return in 0-15% of birds in the manual cervical dislocation 

group, 50-55% of birds in the KED group and 40-60% of birds in the KED+ group, indicating a possible 

return to consciousness. Based on these results, manual neck dislocation was considered to be the 

preferred method of cervical dislocation for meat chickens. Stewert et al (2021) examined three neck 
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dislocation procedures (manual, broomstick and KED) in turkeys. Birds were assessed for a loss of 

brainstem reflexes indicating euthanasia success. Use of the KED resulted in a longer latency time for 

the loss of pupillary and nictitating membrane reflexes compared to manual neck dislocation and 

broom-assisted neck dislocation. Manual neck dislocation caused less crushing damage to the neck, 

with a more visible separation of the vertebra.  

The AUSVETPLAN Operational Manual: Destruction of Animals and associated technical documents 

(Animal Health Australia, 2025) recognise manual cervical dislocation as an acceptable method for 

killing poultry. However, they emphasise that while it may be appropriate for small numbers of birds, 

it is not practical for mass destruction. The manual further specifies that this method is suitable only 

for poultry weighing less than 5 kg, consistent with the Australian Standards and Guidelines for 

Poultry (DAFF, 2022), and notes that factors such as species and age should also be considered. 

 The current RSPCA Approved Farming Scheme Standard for Meat Chickens (2020) refers to the use 

of manual cervical dislocation for birds on-farm. However, it does not permit the use of killing pliers 

(or other equipment that crushes the neck) or methods of cervical dislocation that require spinning 

or flicking of the bird by the head. EFSA (2019) recommend that methods which cause cervical 

dislocation by crushing should not be used. 

Since 2021, no new large-scale peer-reviewed evidence has been published on purely manual 

cervical dislocation in poultry. However, several post-2021 studies and field validations support the 

efficacy and reliability of mechanical cervical dislocation devices, especially the Livetec NEX®, as 

effective welfare improvements over manual methods (Boyal et al, 2022). 

Additional studies of similar novel mechanical devices further affirm their potential for humane 

killing of poultry when performed by trained operators (Ripplinger et al, 2024). This study evaluated 

the efficacy of a novel cervical dislocation tool (NCDT) developed for on-farm euthanasia of poultry, 

specifically in broilers and broiler breeders. The NCDT is designed to facilitate manual cervical 

dislocation by enabling the operator to use more of their body strength (including both arms and 

back), offering ergonomic advantages over traditional manual cervical dislocation (MCD), which relies 

primarily on the strength of one arm. The study found that in younger birds (6 weeks), no significant 

differences were observed between NCDT and MCD in terms of time to loss of consciousness, 

effectiveness of killing, or dislocation position. In older birds (21 weeks), both methods produced 

similar effects in terms of time to death. However, use of the NCDT produced more external trauma, 

including higher laceration and neck-muscle rupture scores. Despite this, the overall findings 

suggested that the NCDT offered a suitable alternative to MCD, particularly for larger or older birds 

where physical strain on the operator may limit the consistency or effectiveness of manual methods.  

A study by Jackson et al (2024) evaluated the impact of head removal during cervical dislocation on 

broiler welfare. The researchers found no significant differences in key indicators of insensibility or 

death between birds subjected to cervical dislocation with head removal and those with cervical 

dislocation only. Latency to loss of the nictitating membrane reflex averaged 7 seconds for both 

groups, while time to cessation of movement was similar (151 seconds for head removal and 159 

seconds for cervical dislocation only). These results suggest that accidental head removal during 

cervical dislocation does not affect the time to insensibility or death in broilers. 
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7.4 Decapitation 
Decapitation is usually performed using a knife whilst birds are restrained on a shackle or in a cone. 

This practice involves the separation of the head from the body (Close et al., 1996) causing death 

through anoxia of the central nervous system and blood loss.  The blade should be positioned high on 

the neck, ideally at the level of the first vertebra, and the head should be severed using one cut 

(EFSA, 2019). It is not a commonly used method for diseased birds because of the risk of infection 

from any blood spillage.  

The effect of decapitation on brain activity has been studied using neurophysiological studies 

(Cartner et al., 2007) which have shown that the resulting brain activity post-decapitation is not 

indicative of immediate unconsciousness. When evaluating the welfare impact of decapitation, the 

effect of head severance on oxygen tension in the brain is also an important consideration. Derr 

(1991) calculated the time required for the oxygen tension in a decapitated rat brain to decline to a 

level at which unconsciousness occurred. He estimated it to be approximately 2.7 seconds and 

concluded that decapitation was therefore a humane method of dispatching rats. Conversely, the 

nervous tissue in reptiles can withstand comparatively long periods of anoxia and hypotension. A 

study in alligators showed that brain activity (assessed using a corneal reflex test) continued for 54 

minutes (range: 34 to 99 minutes) after spinal cord severance. Avian tolerance to anoxia is thought 

to be somewhere in between that of mammals and reptiles and after decapitation, brain activity in 

chickens was seen to persist for up to 3 minutes, with the waveform being virtually unchanged for 

the first 30 seconds (Gregory and Wotton, 1986). Therefore, loss of consciousness may not be 

immediate, and birds may feel pain due to afferent stimuli from the trigeminal nerve (EFSA, 2004).  

Since 2021, no new scientific evidence has been published on the use of decapitation for killing 

poultry. Most existing guidelines continue to classify it as a secondary physical method, 

recommended only for birds that are already unconscious or for confirming death following another 

primary method. The RSPCA Approved Farming Scheme Standard for Meat Chickens (2020) prohibits 

its use as a killing method without prior stunning. Similarly, the previous AUSVETPLAN (Animal Health 

Australia, 2015) allowed decapitation only as a terminal procedure for unconscious poultry. In 

contrast, the updated edition (Animal Health Australia, 2025) permits its use for poultry weighing less 

than 5 kg, provided the procedure is carried out with a sharp, well-maintained blade in a single swift 

cut, ensuring the neck is severed rather than crushed. The revised guidance also acknowledges 

biosecurity risks associated with blood loss and notes that specially designed cones may assist with 

bird restraint during the procedure. 

7.5 Firearm (gunshot) 
The use of a firearm (with free projectile) involves the passage of one or more projectiles into the 

cranium causing immediate unconsciousness and extensive damage to the brain, ultimately resulting 

in death (HSA, 2017a). The physical principle behind killing with free projectiles is the transfer of high 

levels of kinetic energy in an extremely short time from the projectile to the animal’s brain. The free 

projectile may be a bullet (used in a rifle or handgun) or a charge of lead (used in shot guns). 

Although gunshot is a recommended method for killing poultry by the AVMA (2019, 2020), there are 

few scientific studies on the use of different firearms for killing poultry in the field and their 

suitability from a practical perspective is questionable. While all mass destruction methods require 

skilled personnel, the use of firearms raises even more operational and safety concerns (AVMA, 
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2019). Reference to the use of firearms, in the context of mass destruction of poultry, is usually in 

relation to the dispersal of wild birds (during depopulation activities) and for killing larger farmed 

birds, such as ratites (AVMA, 2019).  

Since 2021, no new research or official guidance has emerged on the use of firearms for killing 

poultry. Current references, including AVMA and EU emergency-killing guidelines, continue to regard 

firearms as suitable only in limited, individual-use contexts. This is due to concerns about operator 

skill, safety, and species-specific effectiveness. As a result, firearms remain an uncommon and 

operationally constrained method for managing poultry, particularly in large-scale depopulation 

scenarios. 

7.6 Summary 
Non-penetrative devices provide a practical alternative to gunshot and penetrative captive bolts for 

all bird types. The use of manual blunt force trauma does not require specialised equipment; 

however, it requires skill and confidence to apply it successfully and repeatedly. Individuals need to 

be able to apply the physical blow accurately and with sufficient force to kill the bird. It is 

recommended that non-penetrative devices are used to replace manual blunt force trauma, which 

should only be used when other more suitable methods are not available. The UK Farm Animal 

Welfare Committee (2017) also recommend that non-penetrative devices should ultimately replace 

cervical dislocation for most poultry. Penetrative and non-penetrative captive bolt devices for poultry 

are available at a range of prices between $700 for a basic model and $5000 for a full euthanasia kit, 

with cartridge costs around 40-50c per cartridge depending on the manufacturer and shipping costs. 

Killing large numbers of birds using mechanical methods is likely to be a protracted process, requiring 

multiple operators to restrain, kill and confirm death, and to manage personnel fatigue. Repeated 

firing of cartridge-powered captive bolts (for example, the CASH Poultry Killer) in quick succession 

will lead to overheating and failure of the device (Gibson et al., 2015), therefore there must be a 

sufficient number of devices on-hand to allow for rotation. The risk of inappropriate application of 

mechanical methods increases with operator and equipment fatigue and the difficulty of the task (for 

example, number of birds involved, environmental conditions, nature of restraint). This increases the 

chance of ineffective application or birds regaining consciousness before death. 

Mechanical methods result in the bird displaying physical convulsions (even after death), which can 

be challenging psychologically for operators and observers. The application of blunt force trauma and 

decapitation are aesthetically unpleasant for both operators and observers, and as such, are often 

regarded as being unacceptable by the general public. 

No new scientific studies post-2021 have evaluated manual blunt force trauma or captive-bolt 

methods in poultry. However, existing evidence and updated welfare guidance continue to position 

non-penetrative bolt devices as superior to manual techniques. The method is recommended for 

individual or small-scale killing, provided operators are trained and have access to sufficient 

equipment to avoid device failure or operator fatigue. Manual blunt force trauma remains a last 

resort due to its high dependency on human performance and associated welfare risks. 
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8 Electrical methods 
In the context of this review, electrical methods include: 

• Head-only electrical stunning 

• Electrocution using a water-bath 

• Electrocution using head-to-cloaca application. 

8.1 Head-only electrical stunning 
The aim of head-only electrical stunning is to pass an electrical current across the brain of the bird, 

resulting in unconsciousness (EFSA, 2004, 2006). It is usually used to stun small numbers of poultry 

on-farm or in small throughput processing plants, although its use in Australia is relatively 

uncommon. Electrical stunning requires the bird to be individually handled and restrained, usually in 

a cone, on a shackle or held manually by the legs. The electrical stunning current is delivered by a 

pair of adjustable tongs or fixed electrodes applied across the head. Head-only electrical stunning 

does not usually kill the bird, but results in a recoverable state of unconsciousness. Therefore, this 

method must always be followed by a secondary (terminal) procedure, such as exsanguination. 

Under mass destruction conditions, when biosecurity is paramount, a preferred terminal method 

would be neck dislocation. 

The recommendation for a minimum current varies between sources of information. Gregory and 

Wotton (1990c) recommend that 240mA for chickens should be applied to the head for at least 7 

seconds (using a constant voltage stunner (110 V 50Hz AC), with neck cutting performed within 15 

seconds from the end of the stunning current application). The Humane Slaughter Association (HSA) 

(2021) refers to a minimum head-only current of 300-400mA for chickens, but do not specify the 

frequency of the current. Raj and O' Callaghan (2004a) studied the effects of frequency on the 

minimum current to stun chickens and concluded that minimum currents increase with increasing 

frequency (from 100mA for 50 Hertz and 150 to 200mA for 400 and 1500 Hertz sinusoidal alternating 

currents respectively) and need to be applied for 4 seconds with neck cutting occurring within 15 

seconds. Lambooij et al., (2010) studied an alternative approach to commercial electrical stunning, 

where the current was passed across the head of the bird instead of the body. The researchers 

concluded that head-only single bird stunning with a minimum current of 250 mA induced 

unconsciousness in broiler chickens and recommended that neck cutting be performed within 10 

seconds of the end of the stun to prevent recovery. 

The EU regulation does not specify the frequency of the applied stunning current, though requires a 

minimum head-only current of 250mA for chickens and 400mA for turkeys (EU, 2009). This is in-line 

with scientific studies however, it is lower than that recommended by the Humane Slaughter 

Association (2021), who recommend 300-400mA for chickens and 400mA for turkeys. A minimum 

current of 600mA delivered using a 50 Hz sine wave AC is recommended for ducks (EFSA, 2006). 

The exposure time should be long enough to ensure that birds show recognised signs of 

unconsciousness, such as tonic seizure activity (rigidly extended legs), wings folded tightly around the 

breast and muscle tremors. After removal of the electrodes, the eyes will remain wide open (no blink 

reflex when touched) and rhythmic breathing will be absent. Return of eye reflexes and normal 
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breathing precedes a return of consciousness (EFSA, 2004, 2013). Ideally, head-only electrical 

stunning should be performed using a constant current source, where the required current is 

assured. However, most of the head-only electrical stunning equipment used around the world is 

supplied with a constant voltage, where the current achieved is determined by the resistance of the 

bird. One problem following head-only electrical stunning is the occurrence of severe wing flapping, 

which can impede prompt neck cutting. This can be addressed by utilising appropriate restraint 

(Boyal, 2020). Head-only electrical stunning of poultry requires individual bird handling and restraint 

and is labour-intensive. Therefore, its suitability as a method for mass destruction is questionable. 

Since 2021, there have been no new peer-reviewed studies specifically investigating head-only 

electrical stunning in poultry. The underlying science from earlier foundational research remains the 

most direct evidence of its efficacy and welfare implications. However, recent developments in 

regulatory and welfare guidance provide important context for its current application and 

limitations.  

In 2024, the AVMA released its updated Guidelines for the Humane Slaughter of Animals, which 

include newly structured sections for poultry. While these guidelines continue to recognise head-only 

electrical stunning as a potentially acceptable method for small-scale operations, they emphasise 

that this method is highly dependent on type of restraint, duration of application, sufficient current, 

and other electrical parameters. Crucially, it must always be followed immediately by an approved 

terminal procedure to prevent recovery. Operationally, there is no substantive evidence that head-

only electrical stunning has become more practical for large-scale destruction of poultry. It remains 

labour intensive, requiring individual restraint and careful handling, which limits its suitability in 

emergency mass depopulation scenarios. 

8.2 Electrical stunning using a water-bath 
Globally, electrical water-bath stunning is the most widely used stunning technique in commercial 

poultry abattoirs. Birds are inverted and suspended, with their feet restrained in metal shackles, for 

conveyance through the system. The shackling of conscious birds has been associated with welfare 

issues (Gentle and Tilston, 2000). Stunning is achieved by the passage of an electrical current from 

the electrode in the water-bath through the bird to the shackle line. The contact of the head and 

neck with the water or electrode completes the electrical circuit between the water (positive 

electrode) and shackle (which acts as the ‘earth’ or negative electrode), so that an electric current 

passes through the bird’s head and body. The aim of electrical stunning is to pass sufficient current 

through the brain of the bird to induce generalised epileptiform activity (epilepsy) which is deemed 

to be incompatible with consciousness (Opdam, 2002). The production of generalised epilepsy 

depends upon the amount and frequency of the current applied (EFSA, 2004). In multiple bird water-

bath stunning systems, all the birds passing through the water-bath will be exposed to a constant 

voltage. This means that the flow of electrical current through the bird is dependent on the 

resistance of each bird to current flow, such that birds with a low resistance will receive more current 

than birds with a higher resistance (EFSA, 2012). The problem of birds receiving different amounts of 

current in a constant voltage water-bath is made even more complicated by the array of different 

electrical parameters (for example, current, frequency and waveform) that are used. The interaction 

between the different variables is complex (EFSA, 2004). For example, it has been shown that higher 

frequencies require higher currents to induce an effective stun (EFSA, 2004, 2006; Raj, 2004b; Raj, 

2006; Raj et al., 2006b). Studies also indicate that a sine wave alternating current (AC) is more 
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effective than a pulsed direct current (pDC) in terms of inducing epileptiform activity in the brain of 

chickens (Raj and O’Callaghan, 2004; Raj et al., 2006 a, b; Raj, 2006; EFSA, 2012). 

The type of electrical parameters used determine whether the stun produces unconsciousness only 

(termed ‘simple’ electrical stunning in EU legislation) or produces unconsciousness and cardiac arrest 

(termed ‘electrocution’). In poultry abattoirs, high and low frequency electrical currents, ranging 

from 50 to 1500Hz are used in water-bath stunning systems. High frequency systems do not stop the 

heart, whilst low frequency (50Hz) systems, with an applied current of 120mA per bird, will cause 

cardiac arrest in the majority of chickens resulting in death during unconsciousness (Gregory and 

Wotton, 1990a). A recommended minimum stun duration of 15 seconds is necessary to induce 

epilepsy (EFSA, 2014). The optimal electrical parameters to produce an irreversible stun 

(unconsciousness and cardiac arrest) in the majority of birds have been described as low frequency 

(sinusoidal AC waveform of 50Hz) using a minimum current of 120 mA (for meat chickens; Schutt-

Abraham et al., 1983) or 150mA (for turkeys; Mouchonière et al., 1999). These combinations result in 

the abolition of brain activity and the onset of a quiescent EEG, indicating death post-stun.  

Systems that induce effective stunning followed by cardiac arrest have been used for the mass 

destruction of poultry (Gerritzen et al., 2006; Scheibl, 2008). The application of this method involves 

manually catching and transferring birds outside their housing and then hanging the birds on a 

moving shackle line that carries them through an electrified water bath (EFSA, 2019). The Humane 

Slaughter Association (HSA, 2017b) in the UK recommends, in their guidelines for on-farm killing for 

disease control purposes, using a minimum current of 400mA and waveform of 50 Hz (AC) to induce 

cardiac arrest in chicken, guinea fowl, duck and geese.  This current application is higher than those 

shown to be effective experimentally and used commercially (described in the previous paragraph). 

However, a higher recommended current helps to overcome the complexities of water-bath 

stunning, ensuring that the majority of birds are effectively killed, in a situation where carcass quality 

is not important. EFSA (2019) agree with this recommendation and stipulate that the duration of 

exposure to the current should be at least 4 seconds. As a minority of birds may not receive sufficient 

current to induce cardiac arrest, neck cutting or cervical dislocation at the exit of the stunner should 

be employed. 

In 2024, updated AVMA guidance reiterated that water-bath stunning must ensure certain electrical 

current and frequency parameters and must always be followed by an immediate terminal procedure 

if there is any opportunity for the recovery of consciousness (AVMA, 2024). These guidelines reaffirm 

that water-bath stunning using low-frequency 50 Hz AC systems delivering at least 120 mA are 

effective for inducing cardiac arrest in poultry under controlled conditions. However, although water-

bath stunning is technically suitable for field depopulation, its overall practicality is limited because it 

requires live shackling, current delivery can vary in multi-bird systems, and the process is labour 

intensive. 

8.3 Electrocution: Head-to-cloaca application 
Head-to-body electrocution is a method used to induce immediate unconsciousness followed or 

accompanied by cardiac arrest resulting in death (EFSA, 2019). One type of head-to-cloaca stunning is 

a variation of conventional water-bath stunning, where the head of the bird is placed in a water-bath 

and the second electrode is automatically applied to the cloaca of the bird (Lambooij et al., 2008, 

2012), thereby allowing individual current application.  
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An adapted head-to-cloaca stunning system for 31 individually restrained birds has also been 

designed and is available commercially. A current of sufficient magnitude (400 mA; HSA, 2017b) 

delivered using AC with a frequency of 50 Hz should be applied when using this equipment.  

The Top Equipment H2H Euthanizer is a mobile device that kills individual poultry using a head-to-

cloaca application. The bird is restrained inverted in a flexible cone with its head held in position by 

two electrode plates. An electrode is simultaneously placed on the cloaca to complete the electrical 

circuit and a 220V/50Hz electrical current is applied to kill the bird. 

Since 2021, no additional peer-reviewed evidence has emerged assessing head-to-cloaca 

electrocution for killing poultry. The only quantitative data remains from Lambooij et al. (2008, 

2012), confirming effective EEG-based induction of unconsciousness at defined current and 

frequency parameters. The method continues to be recognised under EFSA (2019) as a humane 

alternative when properly applied but lacks updated validation in contemporary commercial or 

emergency depopulation settings. 

8.4 Summary 
When electrical methods are employed, operators need to understand the appropriate electrical 

parameters (for example, the applied electrical current, electrode application, duration of application 

and the necessary cleaning and maintenance of equipment). As with all the other methods, they 

must also be able to recognise the signs of effective stunning and death. When electrical methods 

are used, incorrect application may increase the chances of experiencing pain associated with a pre-

stun shock or result in an ineffective stun (EFSA, 2012). The induction of cardiac arrest without 

unconsciousness is also a risk when electrocution methods are used (EFSA, 2006). 

When appropriate parameters are utilised, irreversible electrical stunning with the induction of 

cardiac arrest using a water-bath has been demonstrated to be effective for the majority of poultry 

species (EFSA, 2004, 2006). Electrocution equipment (head-to-cloaca application) is also available for 

killing individual meat chickens.  The use of an electrical water-bath would allow large numbers of 

birds to be killed during a mass destruction event, however, all electrical methods require poultry to 

be individually handled and restrained. 
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9 Other methods 
In the context of this review, other methods include: 

• Low atmosphere pressure stunning (LAPS) 

• Ventilation shutdown. 

9.1 Low atmosphere pressure stunning (LAPS) 
Low atmosphere pressure stunning (LAPS) operates by removing air from a sealed chamber 

containing animals. Unconsciousness is brought about by a gradual reduction of oxygen tension in 

the chamber, leading to progressive hypoxia (Vizzier et al., 2010; Vizzier, 2015; McKeegan et al., 

2013b) and as with CAS systems, it is not immediate. The LAPS system allows for birds to be stunned 

in containers, thereby removing the need to shackle conscious birds. The LAPS system has been 

highlighted as a potential method that can be utilised for whole-flock culling.   

The summary of LAPS provided by the Farmed Bird Welfare Science Review (Nicol et al., 2017) states 

that: 

 LAPS has the potential to offer significant welfare benefits for poultry slaughter. Birds 

remain in their transport crates during LAPS stunning so there is no need for conscious 

birds to be shackled or positioned. Its effectiveness is relatively insensitive to 

variations in bird size and conformity, so it does not underperform when presented 

with flocks with a large variance in bird size. No aversive gas is used to displace oxygen, 

and stunning is irreversible. Concerns surrounding LAPS centre around spasms and 

wing flapping induced by hypoxia, as well as the potential for hypobaric injury. 

 Since the completion of the Farmed Bird Welfare Science Review in 2017, the use of LAPS has been 

approved for use in the EU, after assessment by the ESFA Panel on Animal Health and Welfare (EFSA, 

2017). The EFSA Panel produced a detailed scientific evaluation of the key parameters required when 

LAPS is used to stun broiler chickens. It was concluded that under certain conditions (for example, 

rate of decompression, weight of chickens, exposure time and ambient conditions) the LAPS system 

was found to be able to provide a level of animal welfare at least equivalent to that provided by at 

least one of the currently allowed methods (for example, electrical water-bath stunning or controlled 

atmosphere stunning) (Purswell et al., 2007; Holloway and Pritchard, 2017; Martin et al., 2016 a, b). 

For effective operation, the pressure time curve should be adjusted to ensure that all birds are 

irreversibly stunned and killed within the cycle time (EFSA, 2017). Deviations from these conditions 

might have different consequences for animal welfare, and this was not assessed by EFSA. Therefore, 

the conclusions from this assessment cannot be extended to other types of chicken (layers and 

breeders) and if LAPS methodology is intended to be used for the stunning of layers, further studies 

would be required to determine the effect of decompression on intra-abdominal shell eggs. Martin 

et al (2020) investigated the possible effects of gas expansion in body cavities during a commercial 

LAPS procedure. Birds were subjected to postmortem examination to detect and score haemorrhagic 

lesions or congestion in the major organs and cavities (for example, air sacs, joints, ears and heart). 

The results were compared to a control group that had been euthanised with pentobarbital sodium. 

The findings were used to provide evidence that LAPS did not result in visible changes, consistent 
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with distension, to the air sacs and intestines. The researchers also noted that there was no evidence 

of barotrauma in the ears and sinuses. 

Further research into the effects of LAPS on different sized birds, different species and potential for 

aversion was recommended by EFSA. A study on the aversion of LAPS compared with gaseous 

methods of stunning (CO2 and nitrogen) was completed by Gent et al (2020). Broiler breeders 

indicated aversion to a particular environment by relinquishing a food reward to seek a preferable 

environment. The researchers found that cessation of feeding occurred most rapidly in the CO2 

environment, whereas in the low atmospheric pressure and nitrogen environments, birds continued 

to eat for longer. Behavioural indicators of possible aversion were also more pronounced in the CO2 

treatment, with gasping and headshaking occurring earlier and at a greater frequency. Gasping did 

not occur in the nitrogen and LAPS treatment groups. Additional research on other species and types 

of poultry is still required, however post-2017 research in meat chickens to investigate possible 

aversion has demonstrated that LAPS is likely to be less aversive than the use of CO2. 

As with CAS systems, the ability to observe birds in the container is important for welfare monitoring. 

In the first LAPS research units, a viewing window was used. However, the influx of light through the 

window caused increased activity in the birds. Commercial LAPS equipment utilises infrared video 

cameras (with a wide-angle view) to effectively view birds, whilst keeping them in the dark (Thaxton, 

2018). 

A mobile LAPS system is available in the US and has been used for on-farm killing (EFSA, 2019). The 

previous AUSVETPLAN destruction manual (Animal Health Australia, 2015) classified decompression 

as an unacceptable method for killing poultry; however, this position has been reevaluated in latest 

revision (Animal Health Australia, 2025). The updated guidance distinguishes Low Atmospheric 

Pressure Stunning (LAPS), a gradual decompression technique involving a controlled 280-second 

reduction in oxygen partial pressure (Martin et al., 2020), from rapid decompression, which remains 

prohibited. While LAPS has demonstrated efficacy in broiler chickens, its suitability for other avian 

species remains under-researched. Since the publication of the EFSA opinion in 2017 and supporting 

research through to 2020, there have been no major new peer-reviewed studies post-2021 that 

fundamentally alter the scientific understanding of Low Atmospheric Pressure Stunning (LAPS) in 

poultry. However, the existing body of research continues to support its potential as a humane and 

effective method for the large-scale killing of poultry, particularly broilers. The Australian Animal 

Welfare Standards and Guidelines for Poultry recognise LAPS as a potentially viable destruction 

method but emphasise the necessity for further investigation into its practical application on farms 

and to confirm its suitability for other poultry species. 

9.2 Ventilation shutdown (VSD) 
The term ventilation shutdown (VSD) refers to a procedure that involves sealing poultry within their 

housing environment, shutting down the ventilation and often introducing supplementary heat. The 

body heat from the birds, combined with the added heat, raises the temperature in the shed until 

poultry die from hyperthermia or suffocation. Heat stress (hyperthermia) has long been associated 

with reduced welfare status, and temperature-humidity combinations that are high enough to cause 

death are also known to cause severe stress and suffering. In broilers, heat stress has been 

documented to increase serum concentration of corticosterone (a marker of stress and negative 

welfare in birds). It can therefore be argued that killing via inducing hyperthermia fails to meet the 

http://www.technocatch.com/laps
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criteria for an acceptable killing method, since the birds do not experience a rapid loss of 

consciousness or loss of brain function, with minimal pain or distress, prior to death. 

The Royal Society for the Protection of Animals (RSPCA) (Australia and UK) are both strongly opposed 

to the use of VSD. The UK RSPCA state that “with proper planning, ventilation shutdown should 

never need to be used” (RSPCA, 2008). The AVMA (2019) currently permit the use of VSD in 

constrained circumstances for floor-reared and caged poultry, if it is applied with supplemental heat 

or CO2 to produce 100% mortality. The AVMA do not recommend VSD alone.  

Post-2021, growing opposition reflects a clear shift in opinion, reinforcing the view that while VSD+ 

remains technically permitted under AVMA guidance, it is increasingly regarded as an inhumane last 

resort measure which does not meet welfare expectations. Advocacy groups and veterinary 

professionals have continued to voice strong opposition to all forms of VSD, calling on the AVMA to 

reclassify VSD+ as “not recommended”. A formal response was also submitted to the AVMA on its 

draft Guidelines for the Depopulation of Animals, signed by 868 veterinarians and veterinary 

students from 44 states and 36 veterinary colleges. More than 500 of the signatories were AVMA 

members. The group expressed strong opposition to the classification of ventilation shutdown plus 

heat (VSD+) as a Tier 2 method for poultry. They recommended that VSD+ be downgraded to Tier 3 

and clearly identified as "not recommended." 

In the UK, the Welfare of Animals (Slaughter or Killing) Regulations 1995 (as amended) (WASK, 1995) 

was amended to allow a derogation for ventilation shutdown as a killing method for poultry in 

certain disease control situations if authorised by the Secretary of State, following advice from the 

Farm Animal Welfare Council. The Department for Environment, Food, & Rural Affairs (DEFRA) (2009) 

stated that it was only permitted to use VSD when: 

• All other permitted killing methods had been explored and discounted 

• There was serious and heightened concern over human and animal health 

• Resources were stretched beyond capacity, making the use of other methods impossible (for 

example, multiple outbreaks of infectious disease) 

DEFRA also developed instructions on the use of VSD. They can be summarised as follows: 

• Sealing of the building including gaps in the structure of the building and ventilation 

outlets/inlets. Effective sealing will be influenced by age, size and design. Buildings need to be 

sealed from the outside 

• Use of monitoring equipment – including temperature sensors at bird height 

• Available power supply and back-up to run supplementary heating equipment 

• Drinking system operational and water not withheld during VSD 

• Available trained personnel to kill any birds that remain alive after completion of VSD process 

• Sufficient personnel available for clean-up operation to disinfect and remove birds expediently, 

particularly as the elevated temperatures involved cause rapid decomposition 

• Placement of heaters for adequate heat distribution (capacity for at least 3 hours of heating) 
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• Strategies for reducing temperature stratification (particularly in multilevel systems), such as 

air-mixing should be used with VSDH and VSDCO2.  

The aim of the DEFRA protocol was to quickly raise the temperature inside the house to 40℃ within 

30 minutes and maintain it for 3 hours (DEFRA, 2009) whilst attempting to minimise the welfare 

impact. The instructions were based in-part on modelling to predict the time taken for the core body 

temperature of a 2kg meat chicken to reach 45℃ (given that the normal core body temperature is 

41.4℃). The model assumed leakage from the building of no more than 2 air exchanges per hour, an 

ambient temperature of 10℃ and humidity of 70%. Under these conditions and with supplementary 

heating supplied, the time taken to reach a core body temperature of 45℃ was found to be 35 

minutes (Zhao et al., 2021). The model was validated during VSD in a turkey breeder house. It was 

concluded that the model can be used to predict supplemental heat requirements under different 

environmental conditions to ensure effective VSD application, however, building designs that result 

in temperature stratification (for example, multilevel housing) are unlikely to fit the model in its 

current form. 

The original framework formed the foundation of DEFRA’s approach for over a decade. However, in 

response to the high numbers of birds and premises affected by high pathogenicity avian influenza 

(HPAI) during 2021–2023, the UK government requested an expert opinion from the Animal Welfare 

Committee (AWC) on the potential use of ventilation shutdown (VSD) as an emergency destruction 

method for intensively housed meat and laying chickens, and turkeys. While VSD has never been 

used for disease control in the UK (AWC, 2023), it has been employed and studied in the United 

States. The scientific opinion (AWC, 2023) concluded that ventilation shutdown, even when 

combined with supplemental heat or CO₂, poses an unacceptably high risk of animal suffering and 

should only be considered in the rarest of emergency circumstances. 

 

Limited studies have examined the effects of VSD in an experimental settings. A proof-of-concept 

study (Eberle-Krish et al., 2018) was designed to evaluate the effectiveness of VSD, VSD with 

supplemental heat (VSDH), and VSD with CO2 (VSDCO2) as alternative mass destruction methods in a 

multi-level caged system for laying hens. Assessment parameters included ambient and core body 

temperatures, time to death, and survivability. Time to death for VSD, VSDH, and VSDCO2 were 3.75, 

2, and 1.5 hr, respectively. The goal of any depopulation is 100% mortality, and this remains true for 

VSD. Survivability in VSD did not meet the flock depopulation standard of 100% lethality as 2.8% of 

hens survived. When supplemental heat or CO2 was added, 100% lethality was achieved, however, it 

is likely that time to loss of consciousness was protracted. Based on time to death, VSD with 

supplemental heat and VSD with CO2 proved equivalent.  

In another proof-of-concept study, the effectiveness of VSD and VSDH for killing turkey breeder hens 

was studied (Krish, 2018). Time to death for VSD and VSDH was 360 and 181 minutes respectively. 

For VSD alone, the ambient temperature needed to cause hyperthermia was not reached, leading to 

high survivability (34.4%). Ventilation shutdown with supplemental heat was successful in producing 

100% lethality, with ambient temperatures reaching over 54.4 °C. The researchers concluded that the 

turkey breeder hens were able to withstand high temperatures and relative humidity, which needs to 

be considered when employing ventilation shutdown with supplemental heat. The loss of heat 

production as mortality increases presents serious issues for VSD as a depopulation method in turkey 
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breeder hens. They also noted that the high ambient temperatures needed to cause lethality in 

ventilation shutdown with supplemental heat should be closely monitored as they could potentially 

cause damage to the equipment within a turkey breeder hen facility. While the data from the studies 

emulates commercial poultry production environments, application of the techniques have not been 

evaluated in commercial egg-laying and turkey breeder facilities.  

A more recent study published in 2024 (Mendoza et al, 2024) examined the addition of steam, either 

alone or in combination with supplemental heat, as a potential enhancement to VSD for the 

depopulation of laying hens in cage-free aviary systems. The results demonstrated that steam was 

effective in achieving 100 percent mortality, with time to death comparable to that observed with 

VSD combined with carbon dioxide (VSD with CO₂). While these results suggest that steam-enhanced 

VSD may offer operational advantages, the authors noted that additional research is needed to 

assess its application under commercial conditions. 

Since 2021, formal evaluation of VSD as a poultry depopulation method has been reaffirmed by 

expert bodies, particularly in response to the spread of  HPAI. A review paper by Reyes-Illg et al 

(2024) provides a comprehensive overview of ventilation shutdown (VSD) methods, particularly their 

use in poultry and swine during disease outbreaks and supply chain disruptions. It critically examines 

the increasing reliance on heatstroke-based depopulation techniques such as VSD plus heat and VSD 

plus humidity, which have been classified by the AVMA as “permitted in constrained circumstances.” 

The main focus of the paper is on the animal welfare implications of these methods. It notes the lack 

of research using validated welfare assessment tools and highlights that birds subjected to VSD are 

likely to experience pain, fear, anxiety, nausea, and thermal distress prior to loss of consciousness. 

The authors emphasise that these methods often result in prolonged suffering and incomplete 

mortality, requiring follow-up killing of surviving birds. For poultry specifically, the review paper 

concludes that the use of VSD does not meet acceptable welfare standards and should not be used.  
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10 Recommendations 
In general, on-farm killing involves the killing of animals that are injured, diseased (and unlikely to 

recover) or for disease control purposes, on their production site. Poultry might also be killed for 

economic reasons, deteriorating husbandry conditions or in the event of other unforeseen 

emergency situations, for example reduced slaughtering capacity due to the COVID-19 pandemic or 

other supply chain disruptions (Grandin, 2021; Marchant-Forde and Boyle, 2020). Large-scale (or 

mass) destruction refers to the killing of large numbers of poultry and may not only include animals 

affected by disease, but also healthy animals of varying ages in different production systems. The 

efficacy of the methods for large-scale destruction may not always reflect that observed when the 

same methods are used in processing plants or when they are applied to individual or small numbers 

of birds. This can be due to the lack of specialist handling, restraining and killing infrastructure and 

equipment in an on-farm situation.  

When the decision has been made to humanely kill poultry, the method employed should result in 

the rapid loss of consciousness (or induce unconsciousness without pain, fear and distress) followed 

by cardiac or respiratory arrest and ultimately the loss of brain function. In addition, handling and 

restraint should aim to minimise any pain, fear and distress experienced by the bird prior to 

unconsciousness. 

It was evident from the review that the ability of each method to deliver an acceptable animal 

welfare outcome is largely dependent on the type of poultry and the production systems used. There 

is not one individual method that is optimal for all types of poultry in all situations. All methods 

require the appropriate conditions for their use in a production environment or as part of an 

emergency response. The ideal method for the mass destruction of poultry would allow for large 

numbers of birds to be killed in-situ in their production system, without individual handling, whilst 

still resulting in an acceptable animal welfare outcome.  

Potential methods have been categorised in a similar format to that used by the AVMA Guidelines for 

the Depopulation of Animals (2019). The categories used are: 

• Preferred methods are given the highest priority and should be used preferentially when 

circumstances allow reasonable implementation during emergencies.  

• Not recommended methods should only be considered when the circumstances preclude the 

reasonable implementation of any of the preferred methods and when the risk of doing nothing 

is deemed likely to have a reasonable chance of resulting in significantly more animal suffering 

than that associated with the proposed depopulation method.  

Under the conditions of mass destruction, the preferred methods described in Table 2 could deliver 

acceptable animal welfare outcomes when appropriate operational parameters are implemented. 

Whole-house gassing using inert gases such as nitrogen has now been reclassified as a preferred 

method for mass poultry depopulation. This update reflects recent regulatory evaluations and 

operational experiences since 2021, which suggest that under appropriate conditions, the method 

can be both effective and humane. Historically, whole-house inert gas application was considered 

impractical due to challenges in achieving and maintaining an anoxic environment in standard 
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poultry housing. While these concerns remain relevant, advances in delivery techniques and real-

world deployments have demonstrated its feasibility in some settings. However, it is important to 

note that peer-reviewed scientific literature on large-scale applications of this method remains 

limited, and further controlled research is needed to confirm its reliability across different housing 

systems and operational conditions.  While the AUSVETPLAN Operational Manual: Destruction of 

Animals (Animal Health Australia, 2015) did not include nitrogen as a method for whole-house 

poultry depopulation, the latest edition (2025) recognises nitrogen as an emerging technique for 

gassing poultry in both containers and sheds. 

While scientific research, standards and guidelines published since 2021 have contributed to the 

refinement of operational guidance for several methods there have been no major shifts in the 

classification of other depopulation techniques. Most methods that are not recommended for the 

mass destruction of poultry remain unsuitable due to persistent limitations in welfare outcomes, 

scalability, or practical implementation.
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Table 2 Preferred methods for the mass destruction of poultry 

Category Method Application Poultry 
species 

Operational parameters required for effective use 

Inhalational  Carbon 
dioxide 

Whole-house 
delivery 

− All poultry 

 

− Correct timing of ventilation deactivation to avoid heat stress 

− Water supply maintained 

− Compressed CO2 vaporised or heated before introduction (temperature 
monitoring throughout process) 

− Birds protected from jet stream to avoid exposure to high concentration of 
CO2 prior to unconsciousness 

− Gradual displacement filling to ensure that birds are not exposed to >40% 
CO2 before they are unconscious 

− Maintenance of correct gas concentration 

− Visual observation possible during gas exposure 

− Birds exposed to a lethal dose of gas  

− Death confirmed and back-up method used if necessary 

Inhalational  Carbon 
dioxide 

Delivery in 
containers 
with a rising 
concentration 
of CO2 

− All poultry 

 

− Catching, handling and restraint performed competently and with care 

− Birds introduced in single layer; no further birds added until previous birds 
are dead 

− Compressed CO2 vaporised or heated before introduction (temperature 
monitoring throughout process) 

− CO2 introduced as a rising concentration. Birds exposed to <40% until 
unconscious 

− Maintenance of correct gas concentration 

− Birds exposed to a lethal dose of gas (monitoring equipment to monitor 
dwell time) 

− Visual observation possible during gas exposure 

− Death confirmed and back-up method used if necessary 

Inhalational Inert gases 
(Nitrogen or 
Argon) 

Whole-house 
delivery - 
Vaporised gas 
delivered into 
the shed 

− Chickens 

− Turkeys 

− Ducks 

 

− Correct timing of ventilation deactivation to avoid heat stress 

− Water supply maintained 

− Reliable gas delivery 

− O2 monitoring 

− Maintenance of correct gas concentration with appropriate sealing of the 
shed 

− Visual observation possible during gas exposure 

− Birds exposed to a lethal dose of gas  

− Death confirmed and back-up method used if necessary 

Inhalational Inert gases 
(Nitrogen) 

Whole-house 
delivery – LIN 
delivery and 
vaporisation 
inside the 
shed 

− Chickens 

− Turkeys 

− Ducks 

 

− Correct timing of ventilation deactivation to avoid heat stress 

− Water supply maintained 

− Reliable gas delivery 

− O2 monitoring 

− Introduction of inert gas (temperature monitoring throughout process), 
particularly when vaporisation occurs inside the shed 

− Birds protected from jet stream to avoid chilling 

− Maintenance of correct gas concentration 

− Visual observation possible during gas exposure 

− Birds exposed to a lethal dose of gas  

− Death confirmed and back-up method used if necessary 
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Inhalational Inert gases 
(Nitrogen or 
Argon) 

Sealed 
containers 
(with or 
without 
addition of 
CO2) 

− All poultry 

 

− Catching, handling and restraint performed competently and with care 

− Birds introduced in single layer; no further birds added until previous birds 
are dead 

− Birds restrained in transport crate where possible  

− Maintenance of correct gas concentration 

− Birds exposed to a lethal dose of gas (monitoring equipment to monitor 
dwell time) 

− Visual observation possible during gas exposure 

− Death confirmed and back-up method used if necessary 

Inhalational High-
expansion 
gas-filled 
foam 

Whole-house 
foam 
application - 
Floor reared 
birds 

− Chickens 

− Turkeys 

− Ducks 

− Correct timing of ventilation deactivation to avoid heat stress 

− Water supply maintained 

− Foam expansion ratio of at least 250:1 

− Use of N2-filled foam is preferred over CO2-filled foam 

− Sufficient volume of foam to completely cover the birds and reach a height 
above the birds, such that they remain covered even after wing flapping 

− Foam production capacity should be larger than the breakdown speed of the 
foam by the birds 

− Visual observation possible during gas exposure 

− Birds exposed to a lethal dose of gas 

− Death confirmed and back-up method used if necessary 

Inhalational High-
expansion 
gas-filled 
foam 

Foam applied 
in containers 

− Chickens 

− Turkeys 

− Ducks 

− Catching, handling and restraint performed competently and with care 

− Birds introduced in single layer or held in transport containers 

− Birds exposed to a lethal dose of gas (production of foam continues until the 
birds are dead) 

− Monitoring equipment to monitor dwell time 

− Death confirmed and back-up method used if necessary 

Mechanical Non-
penetrative 
captive bolt 

Restrained 
birds – 
equipment or 
manual 

− All poultry 

 

− Catching, handling and restraint performed competently and with care 

− Manufacturer’s instructions are followed 

− Death confirmed and back-up method used if necessary 

Mechanical Neck 
dislocation 

Restrained 
birds – 
equipment or 
manual 

− All poultry 
<3kg 

− Catching, handling and restraint performed competently and with care 

− Neck crushing methods not permitted 

− Death confirmed and back-up method used if necessary 

Electrical Electrocution Whole-body 
application 
using a 
water-bath  

− All poultry − Catching, handling and restraint performed competently and with care 

− Sufficient number of competent shackling operatives 

− Shackle line designed to minimise struggling and wing flapping 

− Use of breast comforting apron 

− Limit duration of shackling 

− Wet shackles to improve conductivity 

− Avoidance of pre-stun shocks 

− Sufficient stun duration (head in contact with electrode/water) - for at least 4 
seconds 

− Stunning current of at least 400mA at 50Hz AC 

− Death confirmed and back-up method used if necessary 

Electrical Electrocution Head-to-
cloaca 
application 
with bird 
restrained by 

− Chickens − Catching, handling and restraint performed competently and with care 

− Manufacturer’s instructions are followed 

− Sufficient stun duration  

− Stunning current of at least 400mA at 50Hz AC 
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the 
equipment 

− Death confirmed and back-up method used if necessary 

Other Low 
atmosphere 
pressure 
stunning 
(LAPS) 

Mobile LAPS 
equipment 

− Chickens 
(validated 
for 
broilers 
and male 
layer 
birds) 

− Catching, handling and restraint performed competently and with care 

− Manufacturer’s instructions are followed 

− Sufficient exposure (correct specifications for time/target pressure) 

− Death confirmed and back-up method used if necessary 
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The methods detailed in Table 3 cannot currently be recommended for killing poultry under 

conditions of mass destruction, due to the reasons described in the table. 

Table 3 Methods that are not recommended for the mass destruction of poultry 

Method 
Category 

Method Application Reasons for omission 

Inhalational Carbon dioxide Placement of birds into 
containers pre-filled 
with CO2 

− Exposes birds to a high concentration of CO2 
which is aversive 

Inhalational Low-medium 
expansion water-
based foams 

Containers and whole-
house 

− Severe welfare concerns 

− Absence of supporting science 

Oral agent Alpha-chloralose Whole-house  − Absence of supporting science 

Oral agent Sodium nitrite Whole-house − Absence of supporting science 

Injectable Barbiturates and 
barbiturate 
derivatives 

Individually restrained 
birds 

− Labour and skill intensive therefore more 
suited to small numbers of birds 

Mechanical Penetrative captive 
bolt 

Individually restrained 
birds 

− Labour intensive therefore more suited to 
small numbers of birds  

− Non-penetrative devices provide a more 
suitable alternative 

− Operator safety risk 

Mechanical Manual blunt force 
trauma 

Individually restrained 
birds 

− Aesthetically unacceptable 

− Risk of inconsistent application 

Mechanical Gunshot Individual birds − Impractical 

− Operator safety risk 

Mechanical Cervical dislocation Individually restrained 
birds 

− Not suitable for birds >3kg 

− Absence of supporting science for the use of 
mechanical crushing methods 

Mechanical Decapitation Individually restrained 
birds 

− Absence of supporting science 

− Aesthetically unacceptable 

− Biosecurity risk 

Electrical Electrical stunning 
(head-only) 

Individually restrained 
birds 

− Requires a terminal procedure 

− Requires restraint of individual birds 

− Labour intensive therefore more suited to 
small numbers of birds 

Others Ventilation shutdown 
(VSD), VSDH 
(including steam) and 
VSDCO2 

Whole-house − Severe welfare concerns 

− Absence of supporting science 

Note: These methods should only be considered when circumstances preclude the reasonable implementation of any of the 

preferred mass destruction methods for poultry, and their use must be accompanied by a thorough case-by-case evaluation 

to ensure that animal welfare outcomes are optimised to the greatest extent possible under the prevailing conditions. 
Furthermore, if the reasons for their omission, such as operational impracticalities, or safety risks, can be effectively 

mitigated through appropriate planning, equipment, and personnel training, there may be a justified argument for their 

inclusion in specific contexts.  
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11 Conclusion 
The majority of studies identified during the literature review describe the results of controlled 

experiments under laboratory conditions, using small sample sizes and assuming scalable processes. 

There was also a range of research methodologies, methods used for the assessment of 

unconsciousness and a degree of subjectivity around the determination of death. There were even 

fewer studies focusing on the induction period and the time to loss of consciousness. Studies that did 

focus on the induction period tended to be carried out in the proposed context of commercial 

slaughter processing for human consumption as opposed to on-farm killing or mass destruction.  

Current readily available equipment allows for mass humane destruction however, it is clear that all 

methods investigated have advantages and disadvantages. Selection of the most appropriate 

method(s) for use in any particular situation will require a case-by-case evaluation of factors such as 

poultry type, design of poultry housing, availability of the required equipment, operational 

capabilities, environmental and disposal considerations and personnel safety. Many of the studies 

suggest that competent and conscientious personnel are the single most important factor in assuring 

a humane death. Risk of failure is likely to increase with operator fatigue and time pressures, 

therefore we need to focus on methods that remove the need for individual handling of poultry. 

Since 2021, there has been renewed global interest in depopulation methods that avoid individual 

handling and reduce aversive stimuli. While additional field experience has informed regulatory 

guidance and operational frameworks, particularly for methods such as nitrogen whole-house 

gassing and foam-based delivery systems, peer-reviewed scientific literature on large-scale 

applications remains limited. Emerging regulatory analyses and industry reports have recognised the 

use of nitrogen-based methods as a viable alternative to carbon dioxide or ventilation shutdown. 

Nonetheless, the evidence base remains small, and most available studies lack replication under 

varied field conditions.  

 

 

 



An independent animal welfare assessment of mass destruction methods for poultry on-farm 

Department of Agriculture, Fisheries and Forestry 

54 

References 
Alphin, R.L., Ranking, M.K., Johnson, K.J., Benson, E.R., 2010. Comparison of water-based foam and 

inert-gas emergency depopulation methods. Avian Dis. 51, 752-762. 

Animal Health Australia (2025). Operational manual: Destruction of animals (version 5.0). Australian 

Veterinary Emergency Plan (AUSVETPLAN), edition 5, Canberra, ACT.  

Animal Health Australia (2020). Resource document: Methods for the destruction of poultry, pet/zoo 

birds and aviary species (version 5.0). Australian Veterinary Emergency Plan (AUSVETPLAN), edition 

5, Canberra, ACT 

AVMA Guidelines for Humane Slaughter (2024) 

AVMA Guidelines for Euthanasia (2020) 

AVMA Guidelines for Depopulation (2019) 

Animal Welfare Committee (AWC), 2023. Opinion on emergency culling for the depopulation of 

poultry affected by high pathogenic avian influenza (HPAI): Consideration of ventilation shutdown 

(VSD). London: Department for Environment, Food & Rural Affairs (Defra). Available at: 

https://www.gov.uk/government/publications/advice-on-emergency-culling-for-the-depopulation-

of-poultry-affected-by-high-pathogenic-avian-influenza-hpai [Accessed 15 June 2025]. 

Animal Welfare Committee (AWC), 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 [Accessed 15 June 2025]. 

Bader, S., Meyer-Kûhling, B., Günther, R., Breithaupt, A., Rautenschlein, S., Gruber, A.D. (2014) 

Anatomical and histologic pathology induced by cervical dislocation following blunt head trauma for 

on-farm euthanasia of poultry. Journal of Applied Poultry Research, 23, 546.  

Baker, B., Torrey, S. T., Widowski, T. M., Turner, P., Gomis, S., Classen, H., Fricke, J., Knezacek, T. and 

Schwean-Lardner, K. (2017) Assessing the welfare impact of on-farm euthanasia methods on broilers. 

In Proceedings of the PSA Annual Meeting, Orlando, FL, USA, Abstract Number 263, 99. 

Benson E, Malone GW, Alphin RL, Dawson MD, Pope CR, Van Wicklen GL. Foam-based mass 

emergency depopulation of floor-reared meat-type poultry operations. Poult Sci. 2007;86(2):219-24. 

Benson ER, Alphin RL, Dawson MD, Malone GW. Use of water-based foam to depopulate ducks and 

other species. Poult Sci. 2009;88(5):904-10. 

Benson, E.R., Alphin, R.L., Rankin, M.K., Caputo, M.P., Hougentogler, D.P., Johnson, A.L., 2012. Mass 

emergency water-based foam depopulation of poultry. Avian Dis. 56, 891-896. 

Benson ER, Weiher JA, Alphin RL, Farnell M, Hougentogler DP. Evaluation of Two Compressed Air 

Foam Systems for Culling Caged Layer Hens. Animals. 2018;8(5). 



An independent animal welfare assessment of mass destruction methods for poultry on-farm 

Department of Agriculture, Fisheries and Forestry 

55 

Berg, C. (2009). Poultry welfare problems related to avian influenza and other contagious diseases. 

World’s Poultry Science Journal, book of abstracts, WPSA Poultry Welfare Symposium, Cervia, Italy, 

18–22 May, pp. 70–74 

Berg C. The need for monitoring farm animal welfare during mass killing for disease eradication 

purposes. Animal Welfare. 2012;21(3):357-61. 

Bock Industries. (2016) TED usage. Accessed Sep. 2020.http://www.bock-

industries.com/uploads/6/9/7/9/6979786/ted_barn_instructions.pdf. 

Bock Industries. (2019) Videos. Accessed Sept. 2020.http://www.bock-industries.com/ted-live-

training-seminar.html. 

Boyal, R., Buhr, R., Harris, C., Jacobs, L., Bourassa, D. (2020) Equipment and methods for poultry 

euthanasia by a single operator. The Journal of Applied Poultry Research, 29:1020–1032. 

Boyal, R. S., Buhr, R. J., Harris, C. E., Jacobs, L., Bourassa, D. V. 2022. Evaluation of mechanical cervical 

dislocation, captive bolt, carbon dioxide, and electrical methods for individual on-farm euthanasia of 

broiler breeders. Poultry Science. 101:9. 102000. 

Caputo MP, Benson ER, Pritchett EM, Hougentogler DP, Jain P, Patil C, et al. Comparison of water-

based foam and carbon dioxide gas mass emergency depopulation of White Pekin ducks. Poult Sci. 

2012;91(12):3057-64. 

Carbone, L.G., Carbone, E.T., Yi, E.M., Bauer, D.B., Lindstrom, K.A., Parker, J.M., Austin, J.A., Seo, Y., 

Gandhi, A.D., Wilkerson, J.D. (2012) Assessing cervical dislocation as a humane euthanasia method 

for mice. Journal of the American Association for Laboratory Animal Science, 51, 352. 

Cors, J. C., Gruber, A. D., Günther, R., Meyer-Kühling, B., Esser, K. H., Rautenschlein, S. (2015) 

Electroencephalographic evaluation of the effectiveness of blunt trauma to induce loss of 

consciousness for on-farm killing of chickens and turkeys. Poultry Science, 94 (2), 147. 

Department of Agriculture, Fisheries and Forestry, Australia. (2025). H7 high pathogenicity avian 

influenza, https://www.outbreak.gov.au/current-outbreaks/avian-influenza [Accessed 19/08/2025]  

Dawson MD, Benson ER, Malone GW, Alphin RL, Estevez I, Van Wicklen GL. Evaluation of foam-based 

mass depopulation methodology for floor-reared meat-type poultry operations. Appl Eng Agric. 

2006;22(5):787-93. 

DEFRA. (2003) Getting it right. first time, every time. Practical guide on the management and 

operation of large scale humane killing of livestock during emergencies: Countrywise 

Communications.; 2003. 

Department of Environment, Food and Rural Affairs (DEFRA). (2009). Guidelines for killing poultry 

using ventilation shutdown (VSD). Available from: https://www.slideshare.net/charmkey5/operating-

guidance-vetilation-shutdownprocedure-defra. 

Eberle-Krish, K. N., Martin, M. P., Malheiros, R. D., Shah, S. B. Livingston, K. A., Anderson, K. E. (2018) 

Evaluation of ventilation shutdown in a multi-level caged system. The Journal of Applied Poultry 

Research 27(4):555-563. 



An independent animal welfare assessment of mass destruction methods for poultry on-farm 

Department of Agriculture, Fisheries and Forestry 

56 

Erasmus, M. A., Lawlis, P., Duncan, I. J. and Widowski, T. M. (2010a) Using time to 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. 

Erasmus, M. A., Turner, P. V., Nykamp, S. G. and Widowski, T. M. (2010b) Brain and skull lesions 

resulting from use of percussive bolt, cervical dislocation by stretching, cervical dislocation by 

crushing and blunt trauma in turkeys. Veterinary Record, 167, 850. 

European Commission. (2018) How to stun/kill poultry on-farm – Factsheet. Available online: 

https://ec.europa. eu/food/animals/welfare/practice/slaughter/2018-factsheets_en 

EFSA AHAW Panel (EFSA Panel on Animal Health and Welfare). Welfare of laying hens on farm. EFSA 

Journal. 2023a; 21:2, 7789.  

EFSA AHAW Panel (EFSA Panel on Animal Health and Welfare). Welfare of ducks, geese and quail on 

farm. EFSA Journal, 2023b; 21:3, 7790. 

EFSA AHAW Panel (EFSA Panel on Animal Health and Welfare). Welfare of meat chickens on farm. 

EFSA Journal. 2023c; 21:1, 7788.  

EFSA AHAW Panel (EFSA Panel on Animal Health and Welfare). Use of high expansion nitrogen filled 

foam as a method for stunning and killing pigs and poultry. EFSA Journal. 2024; 22:1, 8855. 

EFSA AHAW Panel (EFSA Panel on Animal Health and Welfare). The welfare aspects of the main 

systems of stunning and killing applied to commercially farmed deer, goats, rabbits, ostriches, ducks, 

geese and quail. EFSA Journal. 2006; 326:1-18. 

EFSA AHAW Panel (EFSA Panel on Animal Health and Welfare). Welfare aspects of the main systems 

of stunning and killing the main commercial species of animals. EFSA Journal. 2004; 45:1-29. 

European Food Safety Authority (EFSA). (2008) Animal Health and Welfare aspects of avian influenza 

and the risk of its introduction into the EU poultry holdings. EFSA Journal 2008;6(6):715 

European Food Safety Authority (EFSA). (2012) Scientific opinion on the electrical requirements for 

water-bath stunning equipment applicable for poultry. EFSA Journal, 10, 2757. 

European Food Safety Authority (EFSA). (2013) Scientific Opinion on monitoring procedures at 

slaughterhouses for poultry. EFSA Journal 2013;11(12):3521, 65 

European Food Safety Authority (EFSA). (2014) Scientific opinion on electrical requirements for 

poultry water-bath stunning equipment. EFSA Journal, 12, 3745.  

European Food Safety Authority (EFSA). (2017) EFSA Scientific Opinion on the use of low atmospheric 

pressure system for stunning broiler chickens. EFSA Panel on Animal Health and Welfare (AHAW), 

EFSA Journal. 

European Food Safety Authority (EFSA). (2019) EFSA Killing for purposes other than slaughter: 

poultry. EFSA Panel on Animal Health and Welfare (AHAW). EFSA Journal, 17(11):5850 



An independent animal welfare assessment of mass destruction methods for poultry on-farm 

Department of Agriculture, Fisheries and Forestry 

57 

Erasmus, M. A., Lawlis, P., Duncan, I. J. H., Widowski, T. M. (2010a). Using time to 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. 

Erasmus, M. A., Turner, P. V., Nykamp, S. G., Widowski, T. M. (2010b). Brain and skull lesions 

resulting from use of percussive bolt, cervical dislocation by stretching, cervical dislocation by 

crushing and blunt trauma. Veterinary Record, 167, 850–858. 

Galvin JW, Blokhuis H, Chimbombi MC, Jong D, Wotton S. Killing of animals for disease control 

purposes. Rev Sci Tech Off Int Epizoot. 2005;24(2):711-22 

Gibson, T. J., Rebelo, C. B., Gowers, T. A., Chancellor, N. M. (2018) Electroencephalographic 

assessment of concussive non-penetrative captive bolt stunning of turkeys. British Poultry Science, 

59, 13–20. 

Gent, T. C., Gebhardt-Henrich, S., Schild, S-L. A., Rahman, A. A., Toscano, M. J. (2020) Evaluation of 

Poultry Stunning with Low Atmospheric Pressure, Carbon Dioxide or Nitrogen Using a Single Aversion 

Testing Paradigm. Animals, 10 (8). 

Gerritzen, M. A. (2006). Acceptable methods for large scale on-farm killing of poultry for disease 

control. Animal Sciences Group. 

Gerritzen, M. A., Lambooij, B., Reimert, H., Stegeman, A., Spruijt, B. (2004) On-farm euthanasia of 

broiler chickens: effects of different gas mixtures on behaviour and brain activity. Poultry Science, 83, 

1294–1301. 

Gerritzen, M. A., Lambooij, E., Stegeman, J. A., Spruijt, B. M. (2006) Killing poultry during the 2003 

avian influenza epidemic in the Netherlands. The Veterinary Record, 159, 39–42. 

Gerritzen, M. A., Lambooij, B., Reimert, H., Stegeman, A., Spruijt, B. (2007) A note on behaviour of 

poultry exposed to increasing carbon dioxide concentrations. Applied Animal Behaviour Science, 108, 

179–185. 

Gerritzen MA, Raj MAB. Animal welfare and killing for disease control. (2009) In: Smulders FJM, 

Algers B, editors. Welfare of Production Animals: Assessment and Management of Risks. Food Safety 

Assurance and Veterinary Public Health. p. 191-203. 

Gerritzen, M.A., and Sparrey, J. (2008) A pilot study to assess whether high expansion CO2-enriched 

foam is acceptable for on-farm emergency killing of poultry. Anim. Welfare 17, 285-288. 

Gregory, N. G. and Wilkins, L. J. (1989) Broken bones in domestic fowl: handling and processing 

damage in end-of-lay battery hens. British Poultry Science, 30, 555–562. 

Gregory, N. G. and Wotton, S. B. (1990) Effect of stunning on spontaneous physical activity and 

evoked activity in the brain. British Poultry Science, 31 (1), 215-220. 

Gregory, N. G. and Wotton, S. B. (1990a) Comparison of neck dislocation and percussion of the head 

on visual evoked responses in the chicken’s brain. Veterinary Record, 126, 570.   



An independent animal welfare assessment of mass destruction methods for poultry on-farm 

Department of Agriculture, Fisheries and Forestry 

58 

Gregory, N. G. and Wotton, S. B. (1990b) An evaluation of the effectiveness of handheld stunners for 

stunning chickens. British Veterinary Journal, 145, 159. 

Gurung S, Hoffman J, Stringfellow K, Abi-Ghanem D, Zhao D, Caldwell D, et al. (2018a) Depopulation 

of Caged Layer Hens with a Compressed Air Foam System. Animals. 2018;8(1). 

Gurung, S, White, D, Archer, G, Styles, D, Zhao, D, Farnell, Y., Byrd, J., Farnell, M. (2018b) Carbon 

Dioxide and Nitrogen Infused Compressed Air Foam for Depopulation of Caged Laying Hens Animals 

(Basel), vol. 8, no. 1, p. 6. 

Farm Animal Welfare Committee (2017) Opinion on the welfare of animals killed on-farm. 

Hewitt, L. (2000). The development of a novel device for humanely dispatching casualty poultry. Vet. 

med. Diss University of Bristol, UK 

Hill, J. (2025). Presentation: Nitrogen Anoxia for Livestock Depopulation. Virginia Association for 

Animal Welfare Webinar, February 25, 2025. Retrieved from https://www.vafaw.org/webinars 

[Accessed 15 June 2025]. 

Holloway, P. H. and Pritchard, D.G. (2017) Effects of ambient temperature and water vapor on 

chamber pressure and oxygen level during low atmospheric pressure stunning of poultry. Poultry 

Science, 96, 2528. 

Humane Slaughter Association (HSA). (2013) Practical Slaughter of Poultry. Available online: 

https://www.hsa.org.uk/downloads/publications/hsa-practical-slaughter-of-poultry.pdf 

Jackson, A. P., Bourassa, D. V., Baker-Cook, B. I. 2024 Applied research note: Evaluation of head 

removal following euthanasia by cervical dislocation on latency insensibility and death on broiler 

welfare. The Journal of Applied Poultry Research. 33: 100394. 

Jacobs, L., Bourassa, D. V., Harris, C. E. and Buhr, R. J. (2019) Euthanasia: Manual versus Mechanical 

Cervical Dislocation for Broilers.  Animals, 9, 47. 

Kingston, S.K., Dussault, C.A., Zaidlicz, R.S., Faltas, N.H., Geib, M.E., Taylor, S., Holt, T., Porter 

Spalding, B.A., 2005. Evaluation of two methods for mass euthanasia of poultry in disease outbreaks. 

J. Am. Vet. Med. Assoc. 227, 730-738. 

Krish, K. N (2018) The Use of Ventilation Shutdown as an Alternative Depopulation Method for Egg 

Laying and Turkey Breeder Hens in the Event of a Foreign Animal Disease Outbreak. A dissertation 

submitted to the Graduate Faculty of North Carolina State University in partial fulfillment of the 

requirements for the degree of Doctor of Philosophy 

Lambooij, E., Reimert, H., Van de Vis, J. W. and Gerritzen, M. A. (2008). Head-to-cloaca electrical 

stunning of broilers. Poultry Science, 87, 2160. 

Lambooij, E., Reimert, H. G. and Hindle, V. A. (2010) Evaluation of head-only electrical stunning for 

practical application: assessment of neural and meat quality parameters. Poultry Science, 89 (12), 

2551. 

https://www.vafaw.org/webinars


An independent animal welfare assessment of mass destruction methods for poultry on-farm 

Department of Agriculture, Fisheries and Forestry 

59 

Lambooij, E., Reimert, H. G. M., Workel, L. D., Hindle, V. A. (2012) Head-cloaca controlled current 

stunning: Assessment of brain and heart activity and meat quality. British Poultry Science, 53, 168. 

Lay, D. C., Ennerking, S. A. (2020) Exploring the use of sodium nitrite as a humane method for mass 

euthanasia of poultry. Journal of Animal Science Vol. 98, Suppl. S4, 226. 

Livetec (2024) - https://www.livetecsystems.co.uk/recent-lessons-learned-in-farmed-animal-

depopulation-workshop/ 

Livetec (2022) - https://www.livetecsystems.co.uk/ 

Martin, J. E., Christensen, K., Vizzier-Thaxton, Y., Mitchell, M. A. and McKeegan, D. E. F. (2016a) 

Behavioural, brain and cardiac responses to hypobaric hypoxia in broiler chickens. Physiology & 

Behavior, 1 (163), 25. 

Martin, J. E., Christensen, K., Vizzier-Thaxton, Y. and McKeegan, D. E. (2016b) Effects of light on 

responses to low atmospheric pressure stunning in broilers. British Poultry Science, 57 (5), 585. 

Martin, J. E., Sandilands, V., Sparrey, J., Baker, L. and McKeegan, D. E. F. (2018a) On Farm Evaluation 

of a Novel Mechanical Cervical Dislocation Device for Poultry. Animals, 8, 10. 

Martin, J. E, Sandercock, D. A., Sandilands, V., Sparrey, J., Baker, L., Sparks, N. H. C. and McKeegan, D. 

E. F. (2018b) Welfare Risks of Repeated Application of On-Farm Killing Methods for Poultry. Animals 

(Basel), 15;8(3). 

Martin, J. E, McKeegan, D. E. F., Magee, D. L., Armour, N., Pritchard, D. G. (2020) Pathological 

consequences of low atmospheric pressure stunning in broiler chickens. Animals, 14(1):129-37. 

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. Appl. Anim. Behav. Sci. 

99, 271_286. 

McKeegan, D. E. F., McIntyre, J., Demmers, T. G. M., Lowe, J. C., Wathes, C. M., van den Broek, P. L. 

C., Coenen, A. M., Gentle, M. J. (2007) Physiological and behavioral responses of broilers to 

controlled atmosphere stunning: implications for welfare. Animal Welfare, 16, 409–426. 

McKeegan, D.E.F., Sparks, N.H.C., Sandilands, V., Demmers, T.G.M., Boulcott, P., Wathes, C.M., 

(2011). Physiological responses of laying hens during whole house killing with carbon dioxide. Br. 

Poult. Sci. 52, 645-657. 

McKeegan, D.E.F., Reimert, H.G.M., Hindle, V.A., Boulcott, P., Sparrey, J.M., Wathes, C. M., Demmers, 

T.G.M., Gerritzen, M.A., (2013a). Physiological and behavioural responses of poultry exposed to gas-

filled high expansion foam. Poult. Sci. 92, 1145-1154. 

McKeegan, D. E. F., Sandercock, D. A., Gerritzen, M. A. (2013b) Physiological responses to low 

atmospheric pressure stunning and the implications for welfare. Poultry Science, 92, 858. 

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. 



An independent animal welfare assessment of mass destruction methods for poultry on-farm 

Department of Agriculture, Fisheries and Forestry 

60 

Nicol, C.J., Bouwsema, J., Caplen, G., Davies, A.C., Hockenhull, J., Lambton, S.L., Lines, J.A., Mullan, S., 

Weeks, C.A. Farmed Bird Welfare Science Review. 2017. Published by the Department of Economic 

Development, Jobs, Transport and Resources 1 Spring Street, Melbourne, Victoria, 3000 

Opdam, H., Federico, P., Jackson, G. D., Buchanan, J., Abbott, D. F., Fabinyi, G. C., Vosmansky, A. M., 

Archer, J. S., Wellard, R. M. and Bellomo, R. (2002) A sheep model for the study of focal epilepsy with 

concurrent intracranial EEG and functional MRI. Epilepsia, 43, 779. 

Purswell, J. L., Thaxton, J.P., and Branton, S.L. (2007) Identifying process variables for a low 

atmospheric pressure stunning-killing system. Journal of Applied Poultry Research, 16, 509. 

Raj, A. B. M. (2006) Recent developments in stunning and slaughter of poultry. World’s Poultry 

Science Journal, 62, 467.  

Raj, M. (2008) Humane killing of non-human animals for disease control purposes. J. Appl. Anim. 

Welfare Res. 11, 112-124. 

Raj, A.B.M., Gregory, N.G. (1990) Investigation into the batch stunning/killing of chickens using 

carbon dioxide or argon-induced hypoxia. Res. Vet. Sci. 49, 364-366. 

Raj, A. B. M., O’Callaghan M. (2001) Evaluation of a pneumatically operated captive bolt for 

stunning/killing broiler chickens. British Poultry Science, 42, 295–299. 

Raj, A. B. M., O’Callaghan, M. (2004a) Effect of amount and frequency of head-only stunning currents 

on the electroencephalogram and somatosensory evoked potentials in broilers. Animal Welfare, 13, 

159. 

Raj, A. B. M. and O’Callaghan, M. (2004b) Effects of electrical water bath stunning current 

frequencies on the spontaneous electroencephalogram and somatosensory evoked potentials in 

hens. British Poultry Science, 45, 230.  

Raj, A. B. M., O’Callaghan, M. and Hughes, S. I. (2006a) The effect of amount and frequency of pulsed 

direct current used in water bath stunning and neck cutting methods on spontaneous 

electroencephalograms in broilers. Animal Welfare, 15, 19. 

Raj, A. B. M., O’Callaghan, M. and Hughes, S.I. (2006b) The effects of pulse width of a pulsed direct 

current used in water bath stunning and neck cutting methods on spontaneous 

electroencephalograms in broilers. Animal Welfare, 15, 25. 

Raj, A. B. M., O’Callaghan, M. C., Thompson, K., Becket, D., Morrish, I., Love, A., Hickman, G., Howson, 

S., (2008a). Largescale killing of poultry species on farm during outbreaks of diseases: evaluation and 

development of a humane containerised gas killing system. World’s Poultry Science Journal, 64, 227–

243 

Raj, A.B.M., Sandilands, V., Sparks, N.H.C. (2006) Review of gaseous methods of killing poultry on-

farm for disease control purposes. Vet. Rec. 159, 229-235. 

Raj ABM, Smith C, Hickman G. (2008) Novel method for killing poultry in houses with dry foam 

created using nitrogen. Veterinary record. 162(22):722–3. 



An independent animal welfare assessment of mass destruction methods for poultry on-farm 

Department of Agriculture, Fisheries and Forestry 

61 

Ranger Magazine. (2020) https://www.bfrepa.co.uk/ranger-magazine 

Rankin MK, Alphin RL, Benson ER, Johnson AL, Hougentogler DP, Mohankumar P. Comparison of 

water-based foam and carbon dioxide gas emergency depopulation methods of turkeys. Poult Sci. 

2013;92(12):3144-8. 

Reyes-Illg, G., Martin, J. E., Mani, I., Reynolds, J., & Kipperman, B. (2023). The Rise of Heatstroke as a 

Method of Depopulating Pigs and Poultry: Implications for the US Veterinary 

Profession. Animals, 13(1), 140. 

Ripplinger, E. N., Crespo, R., Pullin, A. N., Carnaccini, S., Nelson, N. C., Trindade, P. H. E., Reichelt, S., 

Pairis-Garcia, M. 2024 Efficacy of a novel cervical dislocation tool for humane euthanasia of broilers 

and broiler breeders. Poultry Science. 103:3, 103449. 

RSPCA Approved Farming Scheme Standard for Meat Chickens (2020) 

Sandilands, V., Raj, A.B.M., Baker, L., Sparks, N.H.C., 2011. Aversion of chickens to various lethal gas 

mixtures. Anim. Welfare 20, 253_262. 

Sharp, T., Saunders, G. A model for assessing the relative humaneness of pest animal control 

methods, Second edition. Australian Government Department of Agriculture, Fisheries and Forestry, 

Canberra. 2011; 118. 

Sparks, N. H. C., Sandilands, V., Raj, A. B. M., Turney, E., Pennycott, T., Voas, A. 2010. Use of liquid 

carbon dioxide for whole-house gassing of poultry and implications for the welfare of the birds. 

Veterinary Record, 167, 403–407. 

Sparrey, J. M., Kettlewell, P. J. Paice, M. E. (1992) A model of current pathways in electrical water-

bath stunners used for poultry. British Poultry Science, 33, 907–916. 

Sparrey, J. M., Kettlewell, P. J., Paice, M. E., Whetlor, W. C. (1993) Development of a constant current 

water-bath stunner for poultry processing. Journal of Agricultural Engineering Research, 56, 267–274. 

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, 737–758. 

Total Culling Concept, Netherlands (2025) https://tcc-group.eu/poultry/ [accessed 20/07/2025] 

Therapeutic Goods Administration (TGA). Final decisions to amend (or not amend) the current 

Poisons Standard – Joint ACMS–ACCS meetings, November 2021. Australian Government 

Department of Health and Aged Care, January 2022.  

Thaxton, Y. V. (2018) 5 - Gas and low atmospheric pressure stunning. In Woodhead Publishing Series 

in Food Science, Technology and Nutrition, Advances in Poultry Welfare. Editor(s): Joy A. Mench. 99-

110 

Thornber PM, Rubira RJ, Styles DK. Humane killing of animals for disease control purposes. Rev Sci 

Tech Off Int Epizoot. 2014;33(1):303-10. 

https://tcc-group.eu/poultry/


An independent animal welfare assessment of mass destruction methods for poultry on-farm 

Department of Agriculture, Fisheries and Forestry 

62 

Turner, P.V., Kloeze, H., Dam, A., Ward, D., Leung, N., Brown, E.E., Whiteman, A., Chiappetta, M.E., 

Hunter, D.B., 2012. Mass depopulation of laying hens in whole barns with liquid carbon dioxide: 

evaluation of welfare impact. Poult. Sci. 91, 1558-1568. 

Vizzier-Thaxton, Y., Christensen, K. D., Schilling, M. W., Buhr, R. J. and Thaxton, J. P. (2010) A new 

humane method of stunning broilers using low atmospheric pressure. Journal of Applied Poultry 

Research, 19, 341. 

Van den Berg, T., Houdard, P., 2008. Avian influenza outbreak management: action at time of 

confirmation, depopulation and disposal methods; the ‘Belgian experience’ during the H7N7 highly 

pathogenic avian influenza epidemic in 2003. Zoonoses Public Health 55, 54-64. 

Verhoeven MTW, Gerritzen MA, Hellebrekers LJ, Kemp B. Indicators used in livestock to assess 

unconsciousness after stunning: a review. Animal. 2015;9(2):320-30. 

Vizzier, T. Y. (2015) From idea to reality: The Development of the Low Atmosphere Stunning System. 

In Proceedings of the “Recent Advances II”—HSA International Symposium, Zagreb, Croatia, 16–17 

July 2015; p. 36. 

Wang, X., Zhao, D., Milby, A.C., Archer, G.S., Peebles, E.D., Gurung, S. and Farnell, M.B. (2021). 

Evaluation of euthanasia methods on behavioral and physiological responses of newly hatched male 

layer chicks. Animals, 11(6), p.1802. 

Webster, A. B., Collett, S. R. (2012) A mobile modified-atmosphere killing system for small-flock 

depopulation. Journal of Applied Poultry Research, 21, 131–144. 

Chapter 7.6: Killing of animals for disease control purposes. In Terrestrial Animal Health Code. World 

Organisation For Animal Health (WOAH) (2024). Terrestrial Animal Health Code. 

Zeman A. What do we mean by "conscious" and "aware"? Neuropsychol Rehabil. 2006;16(4):356-76. 

Zhao, Y., Xin, H., & Li, L. (2019). Modelling and validating the indoor environment and supplemental 

heat requirement during ventilation shutdown (VSD) for rapid depopulation of hens and turkeys. 

Biosystems Engineering, 184, 130–141. 

 


