
 
 
 
 
 
 

Ontario Pork Research Final Report 18-005 Executive Summary 
 

Reporting Date:  September 25, 2019 

Introduction:   Carbon dioxide (CO2) gas is commonly used as the asphyxiant gas in on-farm euthanasia systems.  The 

use of gas in place of other methods is intended to provide a low stress event for both the pigs and stockpeople 

managing this necessary process. 

Objectives:  
1. Develop and build a prototype euthanasia chamber with improved process control over commercially-

available systems. 

2. Validate the prototype euthanasia chamber performance at a farrowing farm.  

 

Materials and Methods:    
A prototype euthanasia chamber was designed and built which incorporate the following key improvements: 

a. Process control based on measurement of actual CO2 concentration in chamber instead of time. 

b. Valve control of chamber exhaust port to limit CO2 loss during the euthanasia cycle. 

c. Chamber ventilation system to reduce the heavier-than-air CO2 levels in the chamber below aversion levels at 

the end of each cycle. 

The prototype system was bench tested without pigs to confirm its performance before installation at a farrowing farm. 

 
Results and Discussion:  
A total of 51 pigs have been euthanized within the chamber throughout the test period.  Out of these chamber cycles, 

there were no instances of aversion to the CO2 gas amongst the pigs noted by the veterinary technician operating the 

chamber.  All 51 pigs progressed through a process of loss of consciousness and agonal breathing followed by cessation 

of all movement without significant signs of stress.  The weights of pig euthanized in the chamber ranged from 368g to 

>5kg with a variety of physical conditions that required humane euthanasia.  Group sized ranged from 1 to 10 pigs to be 

euthanized concurrently. All pigs with weights of 2kg or greater were injected with Atravet (acepromazine) at 

recommended dosages to ensure pigs were not unduly stressed in the process. 

 
Conclusions: 
  The integration of improved process control to the CO2 gas euthanasia process results in a stable, repeatable process to 

minimize stress on pigs and stockpeople while minimizing CO2 gas consumption.      



 

 
 
 
 
 
 

Ontario Pork Research Final Report 18-005  
 

Date:  September 25, 2019 

Introduction:   
Carbon dioxide (CO2) gas is commonly used as the asphyxiant gas in on-farm euthanasia systems employed to manage 

non-viable pigs.  Careful management of CO2 gas concentration within the euthanasia chamber throughout the cycle is 

required to provide a consistent low stress event for both the pigs and stockpeople.    

 
Objectives:  
The objective of this project was to develop an improved carbon dioxide euthanasia system which addressed the 

limitations noted in previous research conducted by Katie Illick (2) using a euthanasia control system commercially 

available to pork producers.  Specifically, these limitations were: 

1. Lack of real-time monitoring of carbon dioxide gas concentration to control gas supply to the chamber. 

2. Lack of control valve at exhaust port increases CO2 gas consumption and allows excessive leakage out of the 

chamber. 

3. Lack of vent system to control the heavier-than-air CO2 gas concentration below aversion levels at the start of 

each euthanasia cycle. 

Testing of the prototype’s performance was conducted under the direction of Dr. Tim Blackwell to determine the effect 

of the upgraded euthanasia process control on pig stress and CO2 gas consumption.  Using Katie Illick’s previous research 

results as a baseline, the research demonstrated the advantages of a stable, consistent process on both the pigs and 

stockpeople.   

 
Materials and Methods:   
A prototype euthanasia chamber was designed and built which incorporate the following key improvements: 

d. Process control based on measurement of actual CO2 concentration in chamber instead of time. 

e. Valve control of chamber exhaust port to limit CO2 loss during the euthanasia cycle. 

f. Chamber ventilation system to reduce the heavier-than-air CO2 levels in the chamber below aversion levels at 

the end of each cycle. 

General Configuration 

The euthanasia chamber including all valves, piping, fans and circuitry are integrated into a single, wheel-mounted 

enclosure (Figure 1). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

The system touchscreen controller (Figure 2) provides the operator simple controls to choose 1 of 3 piglet sizes and the 

ability to start, pause or stop the process.  System status and fault messages are also provided on the screen.   

A pressure regulator (Figure 3) is employed to reduce the CO2 gas supply tank down to the required 15 psi delivery 

pressure.  The flow meter stabilizes the flow rate of CO2 gas into the chamber at required levels.  Without the flow 

meter, CO2 gas flow rates would vary widely depending on the pressure in the supply tank.  The use of the flow meter 

also provides for the elimination of the expensive gas heater unit required on commercial units. 

 

Figure 3 – CO2 Gas Pressure Regulator and Flow Meter 

The prototype system was bench tested without pigs to confirm its performance before installation at a farrowing farm.   

 
Results and Discussion:  
Following installation at the farm, the system was once again test run without pigs to verify its correct operation.   

After initial performance verification and operator training at the farm, the chamber was operated with Dr. Tim 

Blackwell in attendance to confirm the effect on pig stress levels.  The farm’s on-site veterinary technician also attended 

each session in order to ascertain the performance of this chamber compared to their previous euthanasia method.  This 

farm did previously employ a CO2 system consisting of an enclosure and CO2 supply tank.  The lack of gas regulator, flow 

meter or process controller in their previous euthanasia system made it impossible to provide a stable, repetitive 

Figure 1 – Euthanasia Chamber Figure 2 – Touchscreen Controller 



process that avoided aversion responses in the pigs.  This was confirmed by comments provided by the farm’s manager 

and the veterinary technician. 

 
A total of 51 pigs have been euthanized within the chamber throughout the test period.  Out of these chamber cycles, 

there were no instances of aversion to the CO2 gas amongst the pigs noted by the veterinary technician operating the 

chamber.  All 51 pigs progressed through a process of loss of consciousness and agonal breathing followed by cessation 

of all movement without significant signs of stress.  The weights of pig euthanized in the chamber ranged from 368g to 

>5kg with a variety of physical conditions that required humane euthanasia.  Group sizes ranged from 1 to 10 pigs to be 

euthanized concurrently. All pigs with weights of 2kg or greater were injected with Atravet (acepromazine) at 

recommended dosages to ensure pigs were not unduly stressed in the process. 

 

Dr. Tim Blackwell observed three cycles of the prototype chamber on the farm and compared the performance of this 

chamber to the commercial Euthanex chamber that he had field tested previously.  Tim confirmed that the piglet stress 

level was reduced with the current chamber compared to the Euthanex system based on observing pig behaviour from 

entry to the chamber until loss of consciousness.   This was particularly evident in the second and third cycles which had 

been noticeably more stressful to pigs when using the Euthanex chamber.  Tim’s  discussions with the barn staff and 

manager confirmed that they were very satisfied with the chamber from both a piglet welfare perspective as well as for 

its straightforward and practical operating characteristics. 

 
Figure 1 provides a typical CO2 gas % concentration versus time curve from one of the euthanasia process cycles 

conducted at the farm.   CO2 gas is initially supplied to the chamber at a fixed flowrate until a concentration of 85% is 

achieved.  Thereafter, the gas supply is shut off and the CO2 gas concentration is monitored to ensure it stays above 80% 

as required by AVMA (1) guidelines.  If the CO2 gas concentration drops below the 80% minimum, additional gas is 

supplied to the chamber.    The curve profile does indicate that there is a minor leak present that is allowing some gas to 

escape the chamber during the dwell period.  This is evident by the (5) additional boosts of CO2 gas added to the 

chamber during the dwell period.  At the end of the preset dwell period duration, the chamber ventilation valve is 

opened and vent fan is activated to exhaust the heavier-than-air CO2 gas from the chamber to prepare for the next 

cycle.  The chamber is programmed to ventilate the chamber until the CO2 concentration drops below 30%. 

 



 
Figure 1: Typical Euthanasia Cycle  

 
 

 Loss of Consciousness Loss of Motion 

Minimum Time  1.12 minutes 5.50 minutes 

Maximum Time  5.37 minutes 13.12 minutes 

Average Time  3.54 minutes 8.17 minutes 

Standard Deviation  1.35 minutes 2.39 minutes 

Table 1: Time from Process Cycle Start to Loss of Consciousness and Loss of Motion for Last Pig in Euthanasia Group 
 

Data on times to loss of consciousness and loss of all motion for the last pig in each euthanasia group is tabulated in 

Table 1.  Amongst all the euthanasia cycles monitored, the average time to loss of consciousness for the last pig in each 

euthanasia group amongst all the test cycles was 3.54 minutes.  The average time to complete loss of motion was 8.17 

minutes.   Variation in these time points were noted based on pig size and condition.  Based on visual monitoring of each 

cycle, smaller pigs required longer exposure to the high CO2 gas concentration within the chamber to ensure euthanasia 

was achieved. 

 
 Chamber Fill Rate:  With the gas supply flow meter set to 70 SCFH (Standard Cubic Feet per hour) the average fill time 

to reach 85% CO2 in the chamber across all cycles was 4.94 minutes.  This corresponds with an average chamber volume 

%/minute fill rate of 20.24%/minute which fulfills AVMA (1) recommendations of 10% to 30% to avoid aversive 

responses on the part of the pigs. 

 
Chamber Dwell Period:   This time period consists of the preset amount of time that the CO2 concentration within the 

chamber is held above a minimum of 80%.    At the current point in time, the Chamber Dwell Periods are programmed at 

15 minutes for small pigs (ie <0.6kg) and 10 minutes for medium (0.6kg to 2.00 kg) and large pigs (> 2.00kg).   The “S”, 



“M” and “L” control buttons on the touchscreen allow the operator to easily choose the correct Chamber Dwell Period 

based on the smallest pig in the group being euthanized. 

 
Gas Consumption:  The total CO2 gas consumed per euthanasia cycle consisted of the total of initial chamber fill gas plus 

all additional CO2 gas added to the chamber during the dwell period to maintain the concentration able 80%.  The 

average total gas flow time across all euthanasia chamber cycles is 6.75 minutes.  At a gas flow rate of 70 SCFH, this 

corresponded to 7.88 cubic feet of gas.  The elimination of chamber leaks would reduce the average gas consumption 

per cycle to 5.85 cubic feet.   In comparison, the Euthanex Smartbox system employed in Katie Illick’s (2) research 

employed 80 SCFH for a gas flow time of 6 minutes, consuming 8 cubic feet of gas. 

 
Commercial Considerations: 
The approximate sell price for this euthanasia chamber based on a production build quantity of 6 units is: 

Euthanasia Chamber:      CAD$2,800.00 
Air Liquide Pressure Regulator with Flow Meter:  CAD$   760.00 
       Total: CAD$3,560.00 
This system cost compares well to the $4,260 system cost reported by Katie Illick (2) for a Euthanex SmartBox 

euthanasia system.   Testing confirmed that with careful gas regulator, flow meter and hosing design, a gas heater unit is 

not required to maintain temperatures within the chamber at appropriate levels. 

 
 

Conclusions: 
The integration of improved process control to the CO2 gas euthanasia process results in a stable, repeatable process to 

minimize stress on pigs and stockpeople.  Real-time monitoring of CO2 gas concentrations combined with exhaust port 

and chamber ventilation control ensures that the CO2 gas profile within the chamber is optimized while avoiding 

aversion responses by the pigs.     

Smaller pigs do require a longer exposure to CO2 gas concentrations above 80% than do medium or large pigs.  The 

ability to choose the appropriate dwell time for the smallest pig in the group to be euthanized on the chamber 

touchscreen provided flexibility to the operator. 

The gas consumption for the prototype euthanasia chamber was comparable to that consumed per cycle in previous 

research conducted by Katie Illick (2).   However, the elimination of leakage in the prototype system during the dwell 

cycle phase would result in an average 26.9% reduction in gas consumption per cycle. 

The cost of the euthanasia system with improved control is approx. 16% less than the Euthanex SmartBox euthanasia 

chamber currently available to Ontario pork producers. 
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1. Loss of Consciousness and Movement Data 

The following table provides a summary of pig counts, weights and times for the test euthanasia cycles. 

Date Run #Pigs Weights 
Unconscious 

(min.) 

Loss of 
Motion 
(min.) 

13-Sep a 10 
.794, .463, .432, .462, .558, .594, .678. .824, .602, 
.548 2.08 5.5 

16-Sep a 4 2.67, 2.18, 3.17, >5kg 3.00   

16-Sep b 2 >5kg, >5kg 3.52 5.5 

17-Sep a 4 1.83, .486, .400, 2.44 5.37 10.47 

17-Sep b 10 
1.11, 1.86, .994, .968, 1.06, .936, .828, 1.00, .906, 
.808 4.75 8.18 

18-Sep a 3 2.69, 2.3, .456 4.23 7.22 

19-Sep a 2 1.54, >5kg 1.12 8.23 

19-Sep b 5 .462, .684, .708, .584, .368   13.12 

20-Sep a 9 .512, .508, .898, .480, .608, 1.74, .468, 1.31, 1.74 4.53 7.95 

20-Sep b 2 1.24, 2.23 3.30 7.40 

 total 51 average 3.54 8.17 

   std dev 1.35 2.39 

Notes:   

1. The weigh scale available at the farm was limited to 5kg or less. 

2. The unconscious time and loss of motion times noted are for the slowest pig in the cycle group. 

 

There appear to be 2 key drivers for variation in time to unconscious and time to loss of motion. 

1. Pig weight:  Smaller pigs require more time in a high CO2 gas environment to  achieve unconsciousness and loss 

of motion. 

2. Pig condition: Weaker pigs require less time in a high CO2 gas environment to achieve unconsciousness and loss 

of motion. 

The average time to fill the euthanasia chamber to 85% CO2 was 4.94 seconds.  As such, in most cases all the pigs in 

the euthanasia chamber were unconscious before this gas concentration was achieved. 

 

2. Gas Consumption and Cost 

The farm reported a cost of $80 for a 100lb cylinder of compressed carbon dioxide gas.  This size of high 

pressure cylinder contains 873 cubic feet of gas.   

At an average consumption of 7.88 cu.ft. of CO2 gas per euthanasia cycle, one tank of gas would last for approx. 

110 cycles.  The CO2 gas cost per cycle would be $0.72.  With an average gas consumption of 5.85 cu.ft per cycle, 

one tank of gas would last for approx.. 149 cycle.  The associated gas cost per cycle would be reduced to $0.54.   



 

3. Leak Correction 

I anticipate that the CO2 gas leakage is occurring through the ventilation fan.  We custom-made a valve plate 

behind the fan to block the loss of gas when the ventilation fan is off.  It appears to be insufficient to withstand 

the slightly positive pressure CO2 gas inside the chamber during the dwell period.  This assembly would be re-

designed for future euthanasia chamber builds. 

 

4. Stressful and Aversive Behaviour 

The veterinary technician at the farm reported having to “hold the lid” down on their previous euthanasia 

chamber as the pigs thrashed and attempted to escape the chamber.  Their previous chamber set-up consisted 

of a CO2 gas cylinder with manual valve supplying gas to an enclosure.  The lack of control of gas flow rate, gas 

pressure, gas temperature and residual gas in the chamber could all affect that response. 

During the test period of the prototype system, there was no thrashing, escape attempts, or vocalization 

amongst the pigs.  The larger pigs did on occasion make unbalanced movements prior to loss of 

consciousness.  The use of the Atravet injections on pigs greater than 2kg reduced the stress level in these pigs 

and may have contributed to the lack of thrashing or escape behavior. 

 

5. Next Steps 

The prototype euthanasia chamber was built by Turn180 to my specification employing industry standard design 

drawing and bill of material documentation tools.  As such, Turn180 is fully capable of producing copies of the 

prototype system at any time if a producer wishes to place an order with them.  I do not consider any of the 

issues noted to date to be serious concerns. Fixing these items would all be incorporated into the product build 

process for the next system.  Optimally multiple units could be built concurrently in order to manage cost.  The 

cost estimate I noted in the report is based on a build quantity of 6 units.  My hope is that we can drive the unit 

price down further through larger size production builds in the future.   

I feel that opportunities to upgrade existing euthanasia chambers may be limited as we would really only be able 

to reuse the base chamber itself and none of any existing PLC controllers etc.  Most of the value of the improved 

chamber is held on the control package components.  The plastic box in which it is built cost less than $200.  As 

such I do not think an upgrade kit would be significantly cheaper to purchase than the complete unit.  When you 

add in all the effort that would be required to custom-fit and test it on an existing euthanasia chamber it would 

likely turn out to be more expensive than purchasing a complete replacement. 

 

  

 

 

 


