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Overview

Why is CO2 an 
(intractable) 

animal welfare 
problem?

What are the 
alternatives? What next?
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The Humane Slaughter Association’s position 
regarding the slaughter of all animals is that they 
should be killed as humanely as possible with 
every reasonable effort made to minimise pain, 
suffering and distress.

We will actively work to promote and help 
develop more humane methods for pig 
slaughter.

The HSA’s starting point
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• Most pigs slaughtered using CO2 stunning

• Advantages
– Efficient
– Pre-stun handling can be high-welfare

CO2 stunning for pig slaughter
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Extensive evidence in pigs

Even more extensive evidence in other mammals

There is no question that CO2 is a welfare problem

© Huw Golledge

By courtesy of Mohan Raj



Raj, A.B.M. and Gregory, N.G.  1995.  Welfare implications of gas stunning pigs 1.  
Determination of aversion to the initial inhalation of carbon dioxide or argon.  Animal Welfare, 4: 273-280. 

Video by courtesy of Dr Mohan Raj/Bristol University
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Causes pain >50% CO2 

Causes Anxiety > 5-10% CO2

There is no way to use CO2 for slaughter without causing 
animal welfare issues.

CO2 welfare challenges are well-understood
CO2 + H2O ⇌ H2CO3 ⇌ H+ + HCO3

-
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Evidence from the Pre-Clinical Pharmacology Literature

CO2 is widely used in humans and rodents to 
model human panic disorder and anxiety.

Extensive evidence shows panic-, or anxiety-like 
reactions in response to low concentration CO2 
challenges in both humans and rodents.

Multiple brain mechanisms for CO2 
chemosensation and panic-like reactions have 
been identified. 
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ASIC1a Channels sense CO2-induced acidosis in the brain

Ziemann et al. (2009). “The amygdala is a chemosensor that detects carbon dioxide and acidosis to elicit fear behavior.” Cell 139, 5: 1012–1021.

CO2 + H2O ⇌ H2CO3 ⇌ H+ + HCO3
-

One mechanism is mediated through ASIC1a 
ion channels

ASIC1a knockout mice have attenuated fear 
responses

Ziemann et al. (2009). “The amygdala is a 
chemosensor that detects carbon dioxide 
and acidosis to elicit fear behavior.” Cell 
139, 5: 1012–1021.
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Anatomical Substrates - ASIC1a is strongly expressed in areas associated 
with anxiety/panic

Response mediated in areas involved in anxiety including the 
basolateral amygdala (freezing), bed nucleus of the stria 
terminalis (BNST) and/or periaqueductal grey (freezing/escape).

Price, M., et al. (2014). “Localization and Behaviors in Null Mice Suggest That ASIC1 and 
ASIC2 Modulate Responses to Aversive Stimuli.” Genes, Brain, and Behavior 13(2): 179–94.

Ziemann et al. (2009). “The amygdala is a 
chemosensor that detects carbon dioxide and 
acidosis to elicit fear behavior.” Cell 139, 5: 
1012–1021.

Taugher, R et al. “The Bed Nucleus of the Stria Terminalis Is Critical for Anxiety-Related Behavior Evoked by CO2 and Acidosis.” Journal of Neuroscience 34(31) 10247–55.
.Ziemann et al. (2009). “The amygdala is a chemosensor that detects carbon dioxide and acidosis to elicit fear behavior.” Cell 139, 5: 1012–1021.
Kreple , C, (2015) PhD Thesis, U. Iowa

Basolateral Amygdala
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Mechanisms of CO2-Induced Anxiety

Vollmer, L. et al. (2015). “Acid–base Dysregulation and Chemosensory Mechanisms in Panic Disorder: A Translational Update.” Translational Psychiatry 5(5), e572. https://doi.org/10.1038/tp.2015.67.

1: acid sensing ion channels (ASICs) in the amygdala, 
2: orexin neurons in the hypothalamus
3: serotonergic neurons in the medullary raphe 
4: T-cell death-associated gene-8 receptor in the subfornical     
organ (SFO)
5: hypoxia-sensitive chemosensory neurons in the periaqueductal 
gray (PAG). 
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Mechanisms - Summary

There is robust 
behavioural & 
mechanistic evidence that 
CO2 at concentrations 
>10% cause anxiety or 
panic like states in both 
animals and humans.

“According to this systematic literature review, acid 
sensitive channel antagonists decreased escape behavior 
in preclincal animal models of PD…. Acid sensitive 
channels may play an important role in the 
pathophysiological mechanisms of PD”

Quagliato, L.A., Freire, R.C., and Nardi, A.E. (2018). The role of acid-sensitive ion channels in panic disorder: a 
systematic review of animal studies and meta-analysis of human studies. Transl. Psychiatry 8.
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CO2 Exposure causes fear/anxiety in humans

A single breath of 35% CO2 causes panic 
attacks in susceptible subjects

Breathing 7.5% CO2 (normoxic) causes 
anxiety in humans (Bailey et al. 2005). 

Bailey,J.E., et al.  “Behavioral and Cardiovascular Effects of 7.5% CO2 in Human Volunteers.” Depression and Anxiety 21, no. 1 (2005): 18–25.
Johnson, P et al.. “Induction of C-Fos in ‘panic/defence’-Related Brain Circuits Following Brief Hypercarbic Gas Exposure.” Journal of Psychopharmacology 25, (2011): 26–36.
Perna, G et al. (1996). “35% CO2 Challenge in Panic and Mood Disorders.” Journal of Affective Disorders 33, no.3 : 189–94. 
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Disturbing images

Trigger Warning
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Everyone hates CO2 

The UK Farm Animal Welfare Committee recognised as early as 2003 
that CO2 should be phased out.

And in 2004 the European Food Safety Authority also raised 
concerns about the use of CO2 to kill pigs

2020 EFSA Scientific Opinion – “Exposure to CO2 at high 
concentration … should be replaced by exposure to other gas 
mixtures that are less aversive.”

2024 HSA – “…it is essential that other alternatives are adopted 
without undue delay”
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Low Atmospheric Pressure Stunning (LAPS)

Electrical stunning with improved handling

Inert Gas (Ar, N2, He…)

Something has to change,
What are the alternatives?
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Low Atmospheric Pressure Stunning

Gradual reduction in atmospheric 
pressure over several minutes. Final 
pressure – 20kPa (11,500m altitude 
equivalent)

Approved for chicken slaughter in 
the EU.
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LAPS Research
In 2018 Defra and HSA supported research to 
investigate whether LAPS was a humane 
alternative.

Conclusion

“Collectively, our results show that both LAPS 
and CO2 stunning are associated with several 
indicators of poor welfare and are equally 
aversive to pigs.”
McKeegan et al. 2024
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Electrical stuns can be humane
But, pre-stun handling is sub-optimal
Improved (?automated) handling of pigs in 
groups could improve welfare.

Improved methods developed by EyesOnAnimals 
– need validation.

Ongoing work as part of PigStun project.

Improved Electrical Stunning

Image ©HSA
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Argon, nitrogen, helium etc. can be used 
to kill animals by displacement of air.

Argon may be the simplest to use due to 
similar density to CO2 (N2 and He are 
lighter and harder to contain)

Should be used in pure form, not mixed 
with CO2

Inert Gas



Raj, A.B.M. and Gregory, N.G.  1995.  Welfare implications of gas stunning pigs 1.  
Determination of aversion to the initial inhalation of carbon dioxide or argon.  Animal Welfare, 4: 273-280. 

Video by courtesy of Dr Mohan Raj/Bristol University
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CO2 stunners can (and have been) 
retrofitted to use argon.

Cost reported to be ca. 50,000 
Euro

Ongoing gas costs also higher
⇒1 Euro Cent per kg pork

Meat quality appears to be 
acceptable

Current State of Play
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Throughput (pigs take longer to lose consciousness in argon)

Requirement for pigs to be dead (UK not EU)

Cost 

Carbon footprint

Barriers to uptake
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More research needed
More implementation needed – these are engineering 
problems

The industry needs to:

• Implement solutions
• Or demonstrate conclusively why they can’t be implemented

Next Steps
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Is working and will continue to work with industry to find 
practical solutions.

Would consider supporting R&D to implement a solution but 
would strongly advocate for support from industry.

Will advocate for regulatory change.

Will be very disappointed if change has not come about after 
another 30 years!

Next Steps - HSA
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CO2 for stunning is not humane and needs to be 
consigned to history

Alternatives are available.

This is not a moonshot! It shouldn’t have taken 
>30years to make progress.

We shouldn’t let perfection be the enemy of good

The onus is on the industry to make this work or 
provide convincing evidence why it won’t

Conclusion
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