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Abstract  

The intent of this guide is to provide Department of National Defence (DND) / Canadian Armed Forces 

(CAF) and First Responder personnel with the required knowledge of organophosphorus nerve agents, 

including the Fourth Generation Agents (FGA), to inform decision making during the Response Phase of 

an incident. 
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Résumé  

Le but de ce guide est de fournir au personnel du ministère de la Défense nationale (MDN)/des Forces 

armées canadiennes et des premiers intervenants l’information requises sur les agent neurotoxiques 

organophosphorés, y compris les agents de quatrième génération (FGAs) pour éclairer et aider la prise de 

décision pendant la phase d’intervention d’un incident. 
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Introduction 

The intent of this guide is to provide Department of National Defence (DND) / Canadian Armed Forces 

(CAF) and First Responder personnel with the required knowledge of organophosphorus nerve agents, 

including the Fourth Generation Agents (FGA), to inform decision making during the Response Phase of 

an incident. Certain aspects may be applicable to the Recovery and Remediation Phase of an incident. 

This guide includes information on hazard assessment; toxicity, symptoms and health monitoring; 

protection; detection and identification; contamination control; casualty decontamination and 

management; medical treatment; and operator/responder decontamination. The Reference Document will 

assist personnel to manage incidents involving organophosphorus nerve agents in general and 

explicitly highlights special considerations when FGAs are involved; a Quick Reference Guide 

(What to consider if you suspect a FGA incident) is provided at Annex A. The information herein is 

based on Canadian government scientists’ interpretation of available data on the organophosphorus class 

of nerve agents. 

 

Background 

A range of highly toxic organophosphorus compounds are known: some were developed for military 

use, the most notable of which are tabun (GA), sarin (GB), soman (GD), cyclosarin (GF) and VX. 

The newly identified FGAs (also referred to as A-Series agents or Novichok agents) are further 

examples. Each nerve agent is characterized by specific chemical and physical properties and 

understanding them is critical to implementing a safe response and management capability for a nerve 

agent incident. Poisoning from nerve agent exposure can occur through ingestion, inhalation or absorption 

through skin, eyes, and mucous membranes. Whilst the lethal dose for a given nerve agent varies by the 

route of exposure, it should be assumed that exposure to any amount in the absence of personal protective 

equipment (PPE) and without immediate medical support may be fatal.  

Recent examples of the use of nerve agents in a civilian environment include the release of GB in 

Matsumoto and Tokyo in June 1994 and March 1995 respectively, the Syrian chemical attacks in 

2013 and 2017, the assassination of Kim Jong-nam in Malaysia with a V-series agent in 

February 2017, and the attempted assassination of Sergei Skripal1 in the UK in 2018 and 

Alexei Navalny in Russia in 2020 with a FGA. The last suspected use of nerve agent in a military 

conflict was during the Iran-Iraq war in March 1988 as part of the Halabja chemical attack.  

As of 07 June 2020 FGAs are now included in the Chemical Weapons Convention list of Schedule 1 

chemicals, along with the classical nerve agents in the G- and V-series. 

 

                                                      
1 Three other individuals in the UK were also exposed, one of whom died. 
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Nerve agent properties and hazards 

The information presented in Table 1 is most relevant to post agent release, i.e., the start of the 

Response Phase when DND/CAF and/or qualified First Responder entry teams are preparing to 

move into the hot (initial isolation) zone. The table identifies key agent properties and physical 

hazards of most concern for each nerve agent that should be considered when determining how to 

manage the incident.  

The chemical/physical properties of nerve agents vary considerably. All agents are liquid at room 

temperature. Some agents will evaporate quickly forming a toxic vapour whilst a few will remain in 

the liquid phase due to their extremely low volatility. Others will exist as both liquids and vapours 

for varying periods of time, again dependent on their volatility. For the most part, the nerve agent’s 

volatility determines the most likely expected hazard to be encountered at an incident, 

ground/surface contamination and or vapour, and its persistence in the environment.  

 



CAN UNCLASSIFIED 

DRDC-RDDC-2021-D106 3 
 

CAN UNCLASSIFIED 

Table 1: Key agent properties and physical hazards. 

Key agent properties 

Physical hazards and 
agent properties 

Nerve Agent 

Tabun (GA) Sarin (GB) Soman (GD) Cyclosarin (GF) VX FGAs  

Environmental 
persistence hazard  

Somewhat 
persistent. At 
temperatures 
below 20 °C 
liquid could 

remain for hours 
to days 

Essentially 
non-persistent. 

Rapid (high) 
evaporation 
(similar to 

water) 

Mildly 
persistent. At 
temperatures 
below 20 °C 
liquid could 

remain for days 

Moderately 
persistent. At 
temperatures 
below 20 °C 
liquid could 

remain for days 
to weeks 

Very Persistent. 
Unlikely Very 

slow 
evaporation. 
Will remain 

on/in materials 
for weeks to 

months 

More 
persistent than 
VX. Very, very 

slow 
evaporation. 
Will remain 

on/in materials 
for many 
months 

Solubility in water Very soluble 
Soluble in all 
proportions 

Moderately 
soluble 

Only slightly 
soluble 

Only slightly 
soluble 

Very soluble 

Solubility in non-aqueous 
solvents 

Nerve agents are soluble in many different solvents, e.g., acetone, benzene, ethanol, methanol, chloroform 

Vapour density (times 
heavier than air) 

5.6 4.9 6.3 Not known N/A N/A 

Freezing point -50 °C -50 °C -42 °C Not known  -51 °C Not known 

Flash point 78 °C none >78 °C Not known 159 °C >149 °C 

Key physical hazards 

Most likely expected 
hazard 

Vapour and 
liquid 

Predominantly 
vapour 

Vapour and 
liquid 

Predominantly 
liquid, some 

vapour 
Liquid Liquid 

Ground or surface 
contamination hazard 

Yes 

Very limited, 
depends on 

quantity 
released 

Yes Yes Yes Yes 

Vapour hazard 
Yes. Less volatile 

than GB 
Yes, very likely 

Yes. Less volatile 
than GB and GA 

Limited. Less 
volatile than GD 
and significantly 
less volatile than 

GB  

Very unlikely 
Very unlikely, 
less volatile 

than VX 

Aerosol hazard Unlikely Unlikely Unlikely Unlikely 
Possible liquid 
or coated on 
solid support 

Possible liquid 
or coated on 
solid support 
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Nerve agents may be disseminated (spread) as bulk liquid, droplets, aerosol, or as a vapour. Bulk 

liquid may be disseminated by pouring it from a container, using a mister or other device that 

releases liquid. All of the nerve agents could be disseminated readily on to the ground, surfaces, 

objects or people in this manner. The extent of the hazard would depend on the nerve agent, its 

volatility and the quantity released. Lower volatility agents such as GF, VX and FGAs will be more 

persistent; VX and FGAs may remain on surfaces for many months if not exposed to adverse 

weather. The more volatile agents (GA, GB and GD) would also present a secondary vapour 

inhalation and ocular hazard due to evaporation from bulk liquid and droplets on surfaces. GB, 

because of its very high volatility, may become a significant vapour hazard following bulk liquid 

dispersal. The severity of the exposure for any of the volatile agents will increase with the amount of 

agent disseminated in the environment, the ambient temperature and the agent’s toxicity. At 

temperatures in excess of 25 C, particularly in confined spaces or areas with minimal ventilation, vapour 

from VX and FGAs may be of concern. 

GF, VX and FGAs released in bulk form will pose a dermal contact hazard, with the FGAs of 

particular concern. FGAs easily absorb into skin and readily wick into engineering and other 

materials and objects commonly found in public places (concrete, asphalt, brick, ceramic, carpet, 

fabric, plastics, polymers, etc.). Visually detecting the presence of a FGA may be virtually 

impossible even minutes after being released. Accordingly, a lethal dose of a FGA may be present 

even if the agent is not visible on the surface, which creates a high risk of dermal exposure through 

contact transfer. This risk is acute for CAF operators and First Responders attending to victims, 

contacting surfaces or handling objects where a FGA was released, and extends to the general 

public. In a bulk liquid release of VX or a FGA individuals would most likely be exposed to agent 

on their skin. Although dose dependent, there may be a delay in the onset of symptoms following a 

dermal exposure. This, and the likelihood of contamination transfer between individuals, may give 

rise to “hot spots” of individuals manifesting symptoms hundreds of metres to kilometres from the 

site of the release. Dermal exposure should be assumed to lead to secondary ingestion and ocular 

exposure by self-touch, exacerbating the physiological effects of the nerve agent poisoning.  

Dissemination of GB, GA, GD and GF as a spray of fine droplets or aerosol would produce a vapour 

hazard as they evaporated in the air and may lead to a combined vapour and aerosol exposure hazard 

extending downwind from the release point dependent on the ambient temperature, volatility of the 

agent and distance downwind. GB would rapidly form a vapour “cloud” whilst GA, GD and GF 

would occur as both droplets and vapour, where the droplet fraction would decrease and the vapour 

fraction increase downwind. The possibility of liquid contamination on surfaces downwind from a 

spray release should not be discounted. Casualties may be expected in this downwind area.  

Dissemination of VX or a FGA as a spray of fine droplets would, due their low volatility, result in a 

“hanging” mixed droplet and vapour cloud that may deposit liquid on surfaces at significant 

distances from the release point. Accordingly, there may be an inhalation and dermal exposure 

hazard at the time of release, as well as a secondary dermal contact and contamination transfer 

hazard during the response phase, which would present many of the challenges associated with bulk 

liquid contamination discussed above. Casualties may be expected in this downwind area. Note, VX 

or FGAs could be impregnated on fine solid particulates and disseminated dry. Evidence of dust or 

powder on surfaces along with chemical casualties may indicate a release of this type. The principal 

hazards of concern in this case would be direct contact, contact transfer and secondary 

re-aerosolization of agent impregnated particulates from surfaces and clothing of casualties. A final 
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note, particulates less than 0.1 millimetre in size are near impossible to see with the naked eye. A 

lack of evidence of the presence of aerosol or particulates does not imply that they are absent. See 

the advice in the Personnel and Victim Emergency Decontamination and Casualty Management 

Section below. 

A certain level of sophistication would be required to disseminate the higher volatility nerve agents 

in a pure vapour state. Whilst such an attack would certainly cause many casualties, the vapour cloud 

would be expected to move downwind from the release point and the concentration diminish due to 

dilution as it did so. Thus, in such a scenario the presence of vapour is unlikely to be a factor in the 

response phase. 

 

Toxicity  

Nerve agent toxicity varies from agent to agent: all are highly toxic, and irrespective of the quantity, 

without immediate medical treatment the consequences may result in a fatal outcome. Route of exposure, 

whether dermal or inhalation, is a more relevant factor to consider. There is limited dermal liquid 

exposure toxicity data available for the classical nerve agents, although it is well understood that VX is 

the most toxic of the group by this route. Of note, FGAs are considered to be somewhat more toxic than 

VX. The skin will act as a barrier to a liquid nerve agent (assuming no trauma) by delaying the entry of 

the chemical into the blood system. The time to onset of an adverse physiological response resulting from 

a dermal liquid exposure is variable (minutes to several days) and depends on many factors including the 

chemical/physical properties of the nerve agent, the amount of agent to contaminate the skin, the location 

on the body, the moisture level of the skin, the ambient temperature and the age and health of the victim. 

The volatility of the nerve agent also will dictate its persistence on the skin. GB will evaporate quickly 

reducing the exposure time whilst VX and FGAs, due to their low volatility, will remain on the skin, and 

over the course of minutes to hours, diffuse through and collect in the fatty sub-dermal layer from which 

they will slowly enter the systemic blood circulation. In the Salisbury incident, exposure to an unknown 

quantity of liquid FGA on the palm of the hands resulted in the onset of visible symptoms of severe 

poisoning in 2 to 3 h.  

Although dermal vapour exposure to nerve agent (non-inhalational) should in no way be downplayed, the 

time needed to cause the same adverse effect as a liquid dermal exposure dose is likely to be markedly 

longer, with low vapour concentrations requiring a much longer time than high vapour concentrations. 

GA is considered to have the lowest dermal vapour exposure toxicity.  

All nerve agents are extremely toxic via the inhalational route and many factors affect the physiological 

response and outcome to an exposure, such as the vapour concentration (related to the mass released and 

the volume of the space into which it was released), whether fine droplets are also present in the air, cloud 

inhomogeneity, breathing rate, physiological sensitivity, etc. Practically speaking it is the vapour 

concentration that is of most concern, as a high concentration of a nerve agent of lower toxicity may 

cause equivalent or more significant adverse effects than exposure to a low concentration of a nerve agent 

with a higher toxicity. Increased exposure time elevates the effects. Inhalation of aerosolized nerve agent 

(as fine droplets or impregnated on fine solid particulates) may be equally as toxic as vapour. It must be 

stressed that any exposure to nerve agent via the inhalational route will cause rapid onset of nerve agent 

poisoning, and in the absence of medical treatment, may be fatal.  
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Nerve agent symptoms 

Upon entering the body, organophosporus nerve agents bind and inhibit acetylcholinesterase (AChE), a 

critical enzyme that terminates synaptic transmission, preventing continuous nerve firings at nerve 

endings, and necessary for healthy neural and muscular function. Indicator signs and symptoms from 

nerve agent poisoning are well described and are a direct result of AChE inhibition. They include copious 

secretions from the mouth and nose, wet or noisy breathing caused by fluid collecting in the lungs, 

vomiting, muscle twitching, seizures and coma. While some of these signs and symptoms may bear 

similarity to a drug overdose, it is unlikely that all would be observed in an unconscious person suffering 

from an opioid overdose. Furthermore, other evidence (drug paraphernalia) present at the scene may 

indicate opioid or drug related incapacitation and provide discrimination from a nerve agent incident. It 

should be recognized that the ongoing problem with novel preparations of illicit street drugs may make an 

on-scene assessment based on signs and symptoms difficult. Laboratory based testing of blood samples 

from casualties will often be required to confirm a nerve agent exposure, characterized by significantly 

depressed levels of AChE.  

Nerve agent symptoms of exposure may include: 

 SLUDGEM (Salivation—drooling or foaming at the mouth; Lacrimation—tearing of eyes; 

Urination; Diarrhea; Gastrointestinal upset; Emesis—vomiting and excessive secretions; 

Miosis—typically vapour exposure causing the pupil of the eye to contract). 

 Other notable symptoms include muscle twitching, tremors and seizures, tightness in the chest; 

and sudden collapse to an unconscious state, convulsions, paralysis, and respiratory failure 

leading to death. 

 

Health monitoring of DND/CAF and First Responder 
Personnel and other specialist support teams 

As soon as possible following a confirmed nerve agent incident a process should be implemented during 

the Response Phase to perform on-scene, rapid AChE testing to monitor and track over time blood AChE 

levels in personnel entering and exiting from the hot (initial isolation) zone. Health monitoring must 

extend to the Recovery and Remediation Phase and include the collection of blood samples for more 

intensive laboratory-based analytical assessment of possible nerve agent exposure. 

 

Protection 

The PPE requirements specified herein are for Response Phase operations only, and assume the presence 

of liquid nerve agent and or vapour due to evaporation, or possibly agent impregnated solid particulates. 
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In almost all situations, at the outset of a response to an incident, personnel will not know the identity of 

the chemical(s) present, and they will not have a complete understanding of the type and extent of the 

hazard. Thus, PPE selection will typically default to the worst-case and or all-hazard requirement. The 

preferred option for first time entry into the hot (initial isolation) zone requires body protection 

constructed from liquid impermeable materials in conjunction with either a self-contained breathing 

apparatus or powered air purifying respirator with chemical, biological, radiological and nuclear (CBRN) 

filtration canister. The presence of liquid and vapour due to evaporation would dictate the use of an 

encapsulated protective system. 

Upon completing a hazard assessment, including establishing the boundaries of the warm and cold zones, 

more options for PPE may be considered. Suitable choices may include impermeable, hazardous liquid 

splash apparel, combined with an air purifying respirator with CBRN filtration canister. Note, these 

systems are not designed to be vapour proof and should not be worn where a vapour hazard exists, or is 

suspected to exist, without wearing a carbon adsorbent undergarment. DND/CAF operators have 

in-service PPE designed for use in environments where nerve agents may have been used. This includes 

the Horizon 1 (H1) coverall or the Chemical/Biological Protective Combat Uniform (CPCU), butyl 

rubber overboots, butyl rubber gloves, C4 respirator/C7A canister, other certified military 

respirators/canisters, and the new C5 respirator/C8 canister. Commercially available variants of military 

style suits that use adsorbent carbon materials are available, as are approved respirators, gloves and 

overboots. First responders are referred to CAN/CGSB/CSA-Z1610-11, Protection of First Responders 

from Chemical, Biological, Radiological, and Nuclear (CBRN) Events, for specific guidance and 

requirements for PPE selection for CBRN release events. A list of PPE configurations is found at 

Annex B. Disposable protective apparel (such as dust avoidance and non-hazardous liquid splash suits) 

are not viable protection options for the Response Phase. 

The need to prevent nerve agent from contacting skin is paramount. Personnel must avoid handling 

contaminated objects, touching surfaces, touching their clothing or victims clothing with their bare hands. 

Responders must double glove (don two layers of gloves) as soon as they arrive at a suspected nerve 

agent incident. Liquid nerve agent, and in particular VX and FGAs, readily absorbs into the skin and may 

cause delayed onset nerve agent poisoning, and also become an active depot for transferring agent to 

other surfaces, objects and people. The preferred option is a butyl rubber glove as the primary glove (next 

to skin) covered with a nitrile rubber glove, which serves as the sacrificial layer. Butyl rubber provides 

the most effective protection against nerve agent and is typically sufficiently robust to withstand normal 

wear against tear and puncture. Should the outer sacrificial glove become contaminated or torn, it must be 

removed as soon as possible and a new outer layer glove donned. Note, nitrile rubber gloves are not an 

effective barrier to liquid agent, thus they will not protect you from nerve agent poisoning. Make certain 

all gloves are treated as contaminated waste and isolated in appropriate storage containers following their 

removal. 

For all PPE requirements personnel shall ensure that the PPE configuration is appropriate for the hazard, 

wear the correct size and confirm that equipment is functional and properly donned, recognize PPE 

limitations, particularly with respect to limited-protection choices, monitor the scene for changing 

conditions that can affect the level of PPE required, and re-evaluate incident conditions on a regular basis 

to ensure the protection provided by the PPE remain appropriate. 
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Detection 

Hand-held chemical agent detectors are available that will readily detect G-series (GA, GB, GD and GF) 

nerve agent vapour provided that the concentration in the air is within an instrument’s detection 

specifications. Accordingly, vapour detectors should give a positive detection response where nerve agent 

was released as a vapour or where fine liquid droplets or bulk liquid are present on surfaces and 

evaporating. 

Detecting VX and FGAs with currently fielded hand-held vapour detectors presents a greater challenge 

because of the low volatility of these agents. If you suspect an incident involves VX or a FGA do not 

waste time attempting to sample the air above and around surfaces with chemical vapour detectors. 

Chemical detectors operating in “vapour detection” mode cannot detect these agents. Failure to register a 

positive response for a nerve agent does not mean that it is not present if other on-site observations 

suggest the possibility of a nerve agent incident. Some chemical detectors have an optional surface 

sampler with a built-in heating element. The sampler is used to scrape a surface suspected of being 

contaminated. When inserted into the nozzle of the detector, the surface sampler tip is heated, vapourizing 

any agent that is present, which is then drawn into the detector. Agent collected as free liquid, bound to 

surface material or impregnated on solid particulates may be detectable depending on the mass in the 

sample. Only hand-held detectors using this sampling technology offer the possibility to detect agents 

with volatilities as low as VX and FGAs. Note, one cannot assume that the surface sampler will pick up 

agent from all surfaces, thus there is the potential risk for a false negative result. Further, one may have 

no indication whether the surface contamination associated with a positive signal is above or below a 

toxicologically significant level. Some detectors may only identify the chemical family (for example, 

nerve agent based on the presence of phosphorous), not the specific agent. 

Colourimetric detection based on acetylcholinesterase inhibition will produce a response when used for 

low volatility nerve agents such as VX or Novichoks. These detection devices require a swab sample 

from a surface and rely on a multi-step reaction process to produce a colour change that the user reads and 

interprets. Generally, only acetylcholinesterase-inhibiting chemicals such as nerve agents and pesticides 

will produce a positive response but some detection reactions may be adversely affected if strong acids or 

bases are also present on the sampled surfaces. 

Hand-held spectroscopic detection and identification devices using attenuated total reflectance infra-red 

(ATR-IR) spectroscopy, Raman spectroscopy or high-pressure mass spectrometry, offer the capability to 

both detect and identify chemicals based on their chemical structure. Practical and expedient use of these 

types of instruments necessitates either collecting a sample or locating contamination on surfaces. If the 

agent’s spectra is not present in the device’s on-board library to produce a positive match, specialized 

training is required in spectral interpretation to ascertain the nature of the chemical and its identity. 

Subject matter experts will be required for advanced chemical identification. 

Canadian government CBRN response teams with specialized assets will be required to determine the 

presence of FGAs at an incident, and to ascertain the possible spread beyond the release site. 

Furthermore, unambiguous identification will require dedicated scientific resources of the Canadian 

government. Following an initial evaluation for the presence of suspect chemicals, contact the RCMP-led 

National CBRN Response Team if you believe an incident may involve FGAs. 
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Contamination control 

Contamination control is critical in the event of a nerve agent attack. As soon as possible establish a 

cordon around area(s) suspected of nerve agent contamination. Establish strict procedures controlling 

access to the contaminated area to minimize the potential for spread of contamination through contact 

transfer, and ensure that decontamination and command locations are upwind of the suspected release 

site. Instituting a robust contamination control regime for the incident site and all personnel involved is 

especially critical. Strict observance in the selection and use of PPE, decontamination lines and waste 

isolation are essential to safely managing a nerve agent incident. In particular, assume FGAs will spread 

beyond the incident location and increase your diligence accordingly. All potentially contaminated areas 

should be cordoned off and access restricted until the presence of agent can be confirmed and a plan to 

remove it is in place, or that the location has been certified “agent free” by government experts according 

to a defined safe detection limit. 

 

Personnel and victim emergency decontamination and 
casualty management 

 Assess casulaties for signs and symptoms of nerve agent exposure. If they are exhibiting 

SLUDGEM and/or other notable symptoms (muscle twitching, tremors and seizures, tightness 

in the chest, convulsions, paralysis, in an unconscious state or respiratory failure)—TREAT 

FOR NERVE AGENT POISONING; 

 Administer auto-injector therapy, if available, for nerve agent poisoning; including an oxime 

(AChE reactivator), diazepam (anticonvulsant) and atropine (reduce secretions); if available, 

atropine administration should be continued until secretions have been controlled; 

 Establish a functional airway, with intubation if available; 

 Carefully remove all clothing and personal effects and isolate as contaminated waste in 

appropriate containers for later destruction. This step is critical to control agent contamination, 

secondary exposure and cross-contamination between victims, operators and medical 

personnel. The most rapid and effective means of controlling contamination may be to cut the 

clothing off victims; 

 If nerve agent contamination is visible on the skin make every effort to dry-blot the liquid using 

paper towels or other cloth-like material. Double gloves must be worn to do this safely. All 

waste must be treated as contaminated and isolated in appropriate waste containers; 

 Wash victim’s skin with copious amounts of soap and water using a sponge/cloth and a pail of 

water or a low pressure shower; 

 DO NOT use high pressure decontamination washing systems on individuals known or 

suspected to be contaminated; 

 DO NOT use alcohol based hand sanitizers for decontamination as they may actually enhance 

the absorption of agent into the skin; 
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 Use Reactive Skin Decontaminant Lotion (RSDL) if available, according to the instructions of 

use, on all areas of skin that are suspected of being contaminated. RSDL is highly effective at 

absorbing G- and V-series nerve agents, as well as FGAs, from the skin. RSDL solvates and 

neutralizes G- and V-series nerve agents on application and scrubbing. Of special note, RSDL 

does not neutralize FGAs efficiently. Accordingly, it is important that RSDL be removed from 

the skin using the included sponge, or a cloth/paper towel to “lift and shift” agent and or 

degradation products off the skin. The lift and shift action of RSDL is especially critical to its 

efficacy against FGAs; 

 Water effluent and any other decontamination formulation including RSDL generated during 

the decontamination process should be contained and treated as a hazardous waste. FGAs are 

very stable in water; 

 RSDL and RSDL effluent must never be exposed to or come in contact with bleach 

solution/powder, super tropical bleach (STB) or high-test hypochlorite (HTH), which contain the 

strong oxidizing chemical calcium hypochlorite. RSDL may become very hot and combust when 

exposed to these chemicals; 

 Casualties must be thoroughly decontaminated prior to relocating them, to avoid secondary 

contamination of transfer vehicles, medical facilities and critical medical assets; and 

 Notify Emergency Medical Facilities or Hospitals that may receive casualties before transfers 

occur to ensure that medical teams are aware that victims may have been exposed to nerve 

agent, that a proper triage location has been established and necessary PPE is available. 

 

Medical treatment of casualties at an emergency medical 
facility or hospital 

 Under physician supervision, casualties should be assessed for ongoing signs and symptoms of 

nerve agent poisoning and treatment administered as necessary; 

 Medical teams should be prepared to deliver supportive medical therapy for advanced 

physiological complications from nerve agent poisoning. Therapy may include aggressive 

intravenous/intraosseus administration of an oxime reactivator, atropine and diazepam or other 

anticonvulsants; 

 Respiratory failure is a major cause of death from nerve agent poisoning. Acute casualties will 

need to be intubated and provided with assisted or mechanical ventilation; and 

 Institute repeated (daily) application of RSDL on areas of skin suspected of being exposed to 

nerve agent to aid in the desorption of nerve agent. Treat RSDL waste as containing toxic nerve 

agent and isolate it in an appropriate waste container. 
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Decontamination of operator/responder entry teams in a 
nerve agent incident 

 A decontamination line must be established that is capable of processing operators egressing 

from the hot (initial isolation) zone; 

 Organization standard operating procedures (SOPs) should be followed for decontaminating 

personnel; 

 All clothing and equipment should be treated as contaminated and isolated in appropriate waste 

containers for later destruction; and 

 Do not attempt to decontaminate PPE or other equipment used in the hot (initial isolation) zone 

for re-use if it is known, or suspected of being, contaminated. This is particularly the case for 

VX and FGAs. PPE and equipment removed from operator entry teams should be considered 

contaminated, must be isolated in appropriate storage containers, placed under controlled 

access at the incident site, and disposed of according to an approved plan. 

 

Nerve agent incident response guideline 

A Nerve Agent Incident Response Guideline modelled on NATO Civil Emergency Planning, 

Operations Division, Guidelines for first responders to a CBRN incident, is provided in Annex C. 
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Annex A Quick reference guide 

Quick reference—What to consider if you suspect a FGA incident 

 FGAs will be encountered as a liquid. They should be considered primarily a dermal contact hazard 

as they readily penetrate into the skin. They also readily penetrate into many types of engineering 

and domestic-use materials. FGAs may not be visible on a surface but can still present a significant 

contact hazard, which can be transferred to other surfaces by touch; 

 FGAs are extremely persistent (essentially do not evaporate) and thus extremely difficult to detect 

with any chemical detector operating in vapour mode. Acetylcholinesterase-based detection, devices 

with heated samplers/inlets and devices specifically targeting FGAs will have the greatest chance of 

confirming the presence of these nerve agents; 

 Strict contamination control procedures for the incident site and all personnel involved must be 

implemented to minimize the potential for spread of contamination through contact transfer; 

 Only those with proper training and PPE can safely enter the hot (initial isolation) zone. Selection of 

PPE must be appropriate for the hazard and in accordance with operational training and protocols; 

 The need to prevent nerve agent from contacting skin is paramount. Personnel must double glove 

(don two layers of gloves) as soon as they arrive at a suspected nerve agent incident. The preferred 

option is a butyl rubber glove as the primary glove (next to skin) covered with a nitrile rubber glove, 

which serves as the sacrificial layer; 

 For personnel decontamination, remove all clothing and personal effects and isolate as contaminated 

waste in appropriate containers for later destruction. Dry-blot identifiable liquid agent off the skin if 

possible, wash with copious amounts of warm water and soap, or apply RSDL and scrub to absorb 

agent from the skin, and importantly, wipe thoroughly to promote “lift and shift”. Repeat the use of 

RSDL multiple times. Note, RSDL does not neutralize the FGAs efficiently; 

 Water effluent and any other decontamination formulation including RSDL generated during the 

decontamination process should be contained and treated as a hazardous waste. FGA agents can be 

very stable in water; 

 The onset of symptoms may be immediate or delayed, but prompt casualty management is important 

for effective medical treatment. Assess casualties for signs and symptoms of nerve agent exposure. 

If they are exhibiting SLUDGEM and/or other notable symptoms (muscle twitching, tremors and 

seizures, tightness in the chest, convulsions, paralysis, in an unconscious state or respiratory 

failure)—TREAT FOR NERVE AGENT POISONING. Treatment must begin as soon as possible 

following exposure and continue until clinical recovery as determined by a physician; 

 Respiratory failure is a major cause of death from nerve agent poisoning. Acute casualties will need 

to be intubated and provided with assisted or mechanical ventilation; 

 Institute repeated (daily) application of RSDL on areas of skin suspected of being exposed to FGAs 

to aid in the desorption from the skin; and 

 All potentially contaminated areas should be cordoned off and access restricted until action can be 

taken to determine the presence of agent and an associated plan to remove it, or that the location has 

been certified “agent free” by government experts according to a defined safe detection limit. 
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Annex B First Responder PPE configurations and options 

First responders are referred to CAN/CGSB/CSA-Z1610-11, Protection of First Responders from 

Chemical, Biological, Radiological, and Nuclear (CBRN) Events, for specific guidance and requirements 

for personal protective ensemble (PPE) selection for CBRN release events. 

Recognized PPE configurations include: 

C1S and C1s—provide complete encapsulation of the body and head, use self-contained air and are 

intended to be worn where the highest actual or potential hazards exist. They provide the highest level of 

skin, respiratory and ocular protection. The body protection component shall meet the design and 

performance requirements specified in NFPA 1991 and NFPA 1994. The respiratory protection 

component shall meet the requirements for NIOSH CBRN SCBA or another SCBA (e.g., as specified in 

NFPA 1981-02). 

C2S—incorporates NIOSH CBRN SCBA but is not a fully encapsulated system. It is intended to be worn 

where less dermal and respiratory protection are required than are provided by the fully encapsulated C1S 

or C1s systems, and where an APR is not suitable. The body protection component is similar to and in 

accordance with NFPA 1994, Class 2. The respiratory component shall meet the requirements for NIOSH 

CBRN SCBA. 

C2VP and C2PAPR-VP (C2vP and C2PAPR-vP)—intended to be worn where less dermal and respiratory 

protection are required than are provided by C1S or C1s and where a multi-hazard APR or PAPR is 

suitable given the knowledge and understanding of the hazard. The body protection component is similar 

to and in accordance with NFPA 1994, Class 2. The respiratory component shall meet the requirements 

for CBRN APR-VP/PAPR-VP as specified in CAN/CGSB/CSA-Z1610-11, clauses B.9.6 and B.9.8. 

Note, military level respiratory protection that does not meet the full multi-hazard first responder 

requirement above, designated as vP may also be an option. The vP respirator component shall meet 

NATO CBRN APR or NIOSH CBRN APR requirements. The vP-PAPR respiratory protection 

component shall meet the requirements for a NIOSH CBRN PAPR, with an air-purifying element (APE) 

similar to NATO APE, as specified in CAN/CGSB/CSA-Z1610-11, clauses B.9.7.1 and B.9.9.1. 

CFS—intended to be worn by fire service responders requiring protective turnout gear for both fire and 

CBRN response. The body protection component shall meet the design and performance requirements for 

turnout gear as specified in NFPA 1971. The respiratory component shall meet the requirements for 

NIOSH CBRN SCBA. 

CMS—“M” refers to military-style body protection (NATO equivalent). It is intended to be worn where 

agents (if dermally acting) are high-boiling and where less dermal and respiratory protection are required 

than are provided by configuration C1S or C1s. The body protection component shall include an active 

carbon layer or garment, or other material or garment, which meets chemical warfare agent (CWA) 

protection requirements for the body similar to NFPA 1994, Class 2. Note, the CM body protection 

component may have better physiological burden and comfort characteristics than a C1 or C2 body 

protection component but less protection against certain types of chemical hazards, particularly 

low-boiling, dermally active chemicals. Body protection that meets NATO AEP-38 falls within this class. 
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The respiratory protection component for CMS configurations shall meet the requirements for NIOSH 

CBRN SCBA. 

CMVP, CMvP, CMPAPR-VP, and CMPAPR-vP—“M” reers to military-style body protection (NATO 

equivalent). They are intended for use where multi-hazard (VP) or limited chemical vapour hazard (vP) 

respiratory protection are adequate. The body protection component for these configurations shall include 

an active carbon layer or garment, or other material or garment, which meets CWA protection 

requirements for the body similar to NFPA 1994, Class 2. The respiratory protection component for VP 

configurations shall meet the requirements for CBRN APR or PAPR specified in CAN/CGSB/CSA-

Z1610-11. The respiratory protection component for vP configurations shall meet the requirements of 

NATO CBRN APR. 

All of the above protective configurations are suitable for at least 1 h of use after exposure, provided that 

use limitations are respected, and they may be suitable for up to 4 h use depending on how they meet 

specific requirements as per the appropriate clauses for each configuration in CAN/CGSB/CSA-Z1610-11. 

Note, the CM class of protective systems are not recommended to be worn at the outset of an incident by 

first responders for first-time entry into the hot (initial isolation) zone unless they know what the hazard 

is, its location and amount, and it is known that the CM class of protective systems will provide the 

appropriate level of protection commensurate with the hazard.  

Gloves—The need to prevent nerve agent from contacting skin is paramount. First responders must avoid 

handling contaminated objects, touching surfaces, touching their clothing or victims clothing with their 

bare hands. First responders must double glove (don two layers of gloves) as soon as they arrive at a 

suspected nerve agent incident. Liquid nerve agent, and in particular VX and FGAs, readily absorbs into 

the skin where it may collect and lead to delayed onset poisoning, and also become an active depot for 

transferring agent to other surfaces, objects and people. The preferred option is a thin (0.22 mm) butyl 

rubber glove (e.g., North Safety, by Honeywell, part number B074GI) worn as the inner layer next to the 

skin, and the outer layer a nitrile rubber glove, which serves as the sacrificial layer. The butyl rubber 

glove is substantially more resistant to tear and punctures than a nitrile rubber glove and will provide 

more effective protection in a working, operational environment. An acceptable option is two layers of 

nitrile gloves. In both cases, should the outer sacrificial glove become contaminated or torn, it must be 

removed and replaced as soon as possible. Note, a single layer of nitrile gloves will not protect you from 

nerve agents. Once you suspect nerve agent has been released, even with gloves, minimize handling and 

contact with surfaces, objects and victims. Ensure all used gloves are treated as contaminated waste and 

isolated in appropriate storage containers. 

Selecting less stringent levels of PPE as the response phase progresses should only be considered after 

completing a full hazard assessment, including knowledge of the type of nerve agent, how it was released, 

where the contamination is, what form the contamination is in (bulk liquid, vapour or absorbed into 

material), and the relative amounts present. In addition, the risks and limitations of adopting other PPE 

must be clearly understood and accounted for. 
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Annex C Nerve agent incident response guideline 
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List of symbols/abbreviations/acronyms/initialisms  

AChE acetylcholinesterase 

APE air-purifying element 

CAF Canadian Armed Forces 

CBRN chemical, biological, radiological and nuclear 

CPCU Chemical/Biological Protective Combat Uniform 

CWA chemical warfare agent 

DND Department of National Defence 

FGA Fourth Generation Agents 

GA tabun 

GB sarin 

GD soman 

GF cyclosarin 

H1 Horizon 1 

HTH high-test hypocholorite 

PPE personal protective equipment 

RSDL Reactive Skin Decontaminant Lotion 

STB super tropical bleach 

SOP standard operating procedure 

vP vapour hazard 

VP multi-hazard 
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