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Disclaimer 
 

The following material has been prepared for the information of members of the Ontario 
Veterinary Medical Association as a guideline only relating to various safety issues encountered 
at a veterinary practice. In all cases, it is the responsibility of individual veterinarians to ensure 
that their practices and standards comply with all applicable federal, provincial, and municipal 
by-laws, regulations, and legislation. Nothing contained in this guide suggests or implies 
complete or proper training or certification of veterinarians or their staff as might be required 
by legislation. 
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Personal Protective Equipment 
By Rachel Pinto (MHSc, CIH), Occupational Hygienist, University of Guelph  

What are waste anesthetic gases?  
Waste anesthetic gases (WAGs) are inhalant anesthetic agents that may be inadvertently leaked 
or released during medical procedures. Inhalant anesthetic agents in current use include nitrous 
oxide and halogenated agents such as halothane, enflurane, sevoflurane, isoflurane, desflurane 
and less commonly methoxyflurane. 
 
Who might be exposed to WAGs? 
Veterinary health professionals who routinely work with inhalant anesthetic agents or in a space 
where anesthetic gases are used are likely to have occupational exposures to WAGs. Workplace 
exposures may occur in operating rooms or surgical suites, recovery rooms, dental operating 
rooms and radiology treatment rooms.  
 
What are sources of WAGs in veterinary medicine? 
The anesthetic delivery equipment; the patient, and the interface between the delivery system 
and the patient are all potential sources of WAG exposures for veterinary health professionals. 
The following are common sources of WAG exposure: 

▪ Poorly fitted nose cones or breathing masks during surgical procedures 
▪ Dental procedures 
▪ Induction chambers 
▪ Loose or worn connection points in anesthetic delivery systems 
▪ Defects in rubber and plastic tubing, holes in reservoir bag, missing gaskets 
▪ Patient exhalation following procedures, particularly large animals 
▪ Accidental spills during filling vapourizers 
▪ Residual agents in anesthetic equipment due to improper flushing or purging following a 

medical procedure 
▪ Inadequate ventilation or WAG scavenging 
▪ Incidental airborne release due to leaving gas flow control valves open and vaporizers 

on after use 
 

What are the health effects of anesthetic agent exposures? 
Reported symptoms associated with short-term exposures to inhaled anesthetics agents include: 
headaches, irritability, fatigue, nausea, drowsiness, difficulty with judgement and coordination 
and effects to the liver and kidney. 
 
Reported effects associated with long-term exposures to low concentrations of inhaled WAGs 
include miscarriages, genetic effects and cancer, though some studies have reported no long-
term effects. Some studies have reported miscarriages in the spouses of exposed workers and 
birth defects in their offspring. 
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What are the occupational exposure limits for anesthetic agents? 
Occupational exposures to inhaled anesthetic agents are regulated under Ontario Regulation 
833/90, as amended (O. Reg. 833), Control of Exposure to Biological or Chemical Agents, under 
the Ontario Occupational Health and Safety Act, R.S.O.1990, c. O.1 (OHSA). O. Reg. 833 prescribes 
occupational exposure limits (OELs) for nitrous oxide, halothane, enflurane and methoxyflurane, 
but there are no prescribed limits for the newer agents, isoflurane, desflurane and sevoflurane 
(see Table 1).  
 
The time-weighted average (TWA) exposure limit of 2 ppm for enflurane is often adopted for the 
purpose of evaluating exposures to isoflurane, as it is the structural isomer of enflurane. The TWA 
is the airborne concentration that shall not be exceeded during a work day or work week.  
 
The United States National Institute for Occupational Safety and Health (NIOSH) recommends an 
exposure limit of 2 ppm over a 60-minute period, for any halogenated anesthetic. This limit is 
often adopted for the purpose of evaluating exposures to isoflurane, sevoflurane and desflurane. 
The limit is based on health effects associated with exposure to halothane and to 
methoxyflurane. In the absence of health effect data on newer halogenated anesthetics, NIOSH 
has extended the applicability of the exposure limit to include other halogenated anesthetic 
gases.  
 
Table 1 Occupational Exposure Limits for Inhaled Anesthetic Agents prescribed under O. Reg. 833 

Agent TWA (ppm) 

Nitrous oxide 25 
Halothane 2 
Enflurane 2 
Methoxyflurane 2 
Isoflurane NA 
Desflurane NA 
Sevoflurane NA 

Notes 
‘NA’ denotes not available 
‘ppm’ denotes parts per million 
TWA means time-weighted average. The TWA is the concentration that shall not be exceeded during a work day 
and a work week. 

 
It should be noted that OELs are not to be regarded as a line between safe and unsafe conditions, 
but rather an enforceable legal limit. In Ontario, employers are required to take all reasonable 
precautions for the protection of a worker (OHSA s. 25 (2) (h)) and take all measures reasonably 
necessary in the circumstances, to protect workers from exposure to a hazardous biological or 
chemical agent because of the storage, handling, processing, or use of such agent in the 
workplace (Ontario Regulation 833 s. 3(1)). For all agents, regardless of the availability of an OEL, 
exposures should be maintained as low as reasonably achievable. 
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How are occupational exposures to WAGs measured? 
Air monitoring is the primary method used to quantify occupational exposures to WAGs. It is 
recommended that air sampling be conducted periodically to verify the effectiveness of 
workplace controls and determine compliance. 
 
Air monitoring may include personal exposure sampling, area monitoring, or leak testing.  
Personal integrative air samples provide the best estimate of a worker’s time-weighted average 
exposure.  For personal samples, the airborne anesthetic agent is either passively or actively 
collected on sampling media that is positioned in the worker’s breathing zone.  Area monitoring 
over a work shift, or during a specific task, can provide an indication of the airborne 
concentrations of a contaminant in a workspace. Area monitoring is conducted similarly to 
personal sampling, except that the sampling train is positioned at breathing height in a location 
of concern, not on the person. Leak testing is conducted using a direct reading instrument which 
can provide instantaneous, real-time measurements of airborne anesthetic agents. Use of a 
direct reading instrument can be an effective tool when attempting to identify locations of 
anesthetic gas leakage and effectiveness of controls in real-time. 
 
In general, the detection of halogenated anesthetic agents by odour indicates very high airborne 
concentrations, as the anesthetic agents do not have strong odours at low concentrations. For 
example, reported studies have found that less than 50% of people can detect the odour of 
halothane until airborne concentrations are 125 times the regulated OEL. 
Air monitoring for WAGs is considered to be occupational hygiene sampling (also referred to as 
industrial hygiene testing). Occupational hygiene sampling is conducted by an occupational 
hygienist, occupational hygiene technologist or a person trained in occupational hygiene 
sampling instrumentation and methods. Under Section 11 of the OHSA, a health and safety 
representative or committee shall be consulted with respect to proposed industrial hygiene 
testing and is entitled to be present at the start of testing. 
 
What can be done to reduce WAG exposures for veterinary practitioners? 
There are a number of control measures that can be implemented to reduce workplace 
exposures to WAGs. As is the case for any type of hazard and the protection of workers, the 
following hierarchy should be used when implementing workplace controls, where feasible: 

1. Elimination (e.g., do not perform an unsafe or very high risk task);  
2. Substitution with less hazardous equipment, agent or task (e.g., use less hazardous 

chemical);  
3. Engineered Solution (e.g.,  use scavenging system to reduce waste anesthetic gas 

exposure); 
4. Administrative Control (e.g., use safe work practices, written procedures, training, job 

rotation); and/or 
5. Personal Protective Equipment (e.g., use respirators, gloves, safety glasses, etc.) 
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The following are validated and recognized control measures that can be implemented to reduce 
workplace exposures to WAGs: 

▪ A scavenging system is considered the first line of defense and a preferred method for 
reducing WAGs exposures. Install a scavenging system as part of the anesthesia delivery 
system to capture and remove WAGs as close as possible to where they are generated. 
Ensure that gases are exhausted such that they will not be re-introduced into building. 
Note: Activated charcoal canisters on scavenging systems will effectively adsorb the 
vapours of halogenated anesthetics but not nitrous oxide.  

▪ Provision of 15 room air changes per hour (ACH) in operating rooms, with a minimum of 
3 fresh ACH, will circulate air through the room, introduce fresh air, and reduce airborne 
concentrations. 

▪ Provision of 6 ACH, with a minimum of 2 fresh air changes in recovery rooms, to reduce 
build-up of airborne concentrations due to WAGs exhaled by patients. 

▪ Establish a preventative maintenance schedule, system requirements and checks for 
anesthesia machines, breathing circuits, waste-gas scavenging systems as precautionary 
measures to minimize WAG leaks. 

▪ Provide training to workers on hazards of WAGs and workplace controls, including 
Workplace Hazardous Materials Information Systems (WHMIS) training on proper 
labelling, understanding Safety Data Sheets (SDSs), and pictograms. 

▪ Develop an exposure monitoring program to assess occupational exposures for workers 
and the effectiveness of controls. 

▪ Develop a spill response plan for the prevention and rapid clean-up of anesthetic agent 
spills. 
 

The following are best practices that can be implemented to reduce workplace exposures to 
WAGs: 
Inspections and Checks 

▪ Inspect the anesthetic delivery system prior to use 
▪ Check patient breathing circuit for negative pressure and positive pressure relief as part 

of daily machine check 
▪ Inspect hoses connections for obstructions or kinks 
▪ Turn on local exhaust or room ventilation 
▪ Ensure scavenging system is in good condition, connected and functioning 

 
Best Practices 

▪ Start flow of gas after mask/tubing is in place 
▪ Fill vapourizers under local exhaust, fume hood or well ventilated area. Use a key-fill spout 

to prevent spilling. Clean spills promptly. Use personal protective equipment during 
clean- up of small spills. It should be noted that small volumes of liquid anesthetic agents 
evaporate readily at room temperatures and may dissipate before clean up can be 
attempted.  

▪ Fill vapourizers before or after procedure 
▪ Ensure uncuffed endotracheal tubes create a completed sealed airway. Airway devices 

should be positioned precisely and the cuffs inflated adequately 
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▪ Use low anesthetic gas flow rates, where possible 
▪ Do not deliver by open drop (e.g., dripping liquid agent onto gauze) 
▪ Make sure mask fits patient well 
▪ Eliminate residual gases through the scavenging system as much as possible before 

disconnecting a patient from breathing system 
▪ Turn off gas before turning off breathing system 
▪ Once anesthesia is discontinued, empty the breathing bag into the scavenging system 

rather than into the room. 
▪ At the end of the surgical procedure, continue to administer non-anesthetic agents as 

long as clinically necessary, using high oxygen flow rates through the breathing circuit to 
wash the anesthetic gases out of the system and the animal. This allows and promotes 
the collection of anesthetic gases by the scavenging system. 

▪ High pressure connections should be designed for high flow and minimal kinking and be 
positioned such to prevent strain on fittings. 
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Disclaimer 
The information expressed herein does not purport to reflect the opinion or view of the University of Guelph. The 
article was written by a health and safety professional with background, training and experience in occupational, 
health and safety. Every effort is made to provide accurate and current information on the topic, but the author 
disclaims any liability, loss or risk resulting directly or indirectly from the use of the information presented. It is 
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