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Abstract  

The broad topic of decontamination science is a high priority to most of the partner departments 
and organisations of the Centre for Security Science. The scope of project CSSP-2013-TI-1036 is 
to address selected areas of decontamination science and capabilities. The subject of this 
document is identification of the knowledge gaps surrounding decontamination and 
chemical-biological-radiological-nuclear personal protective equipment (CBRN PPE), including 
decontamination of PPE appropriate to the activities performed by emergency responders and 
selection of PPE for the decontamination line. In order to identify these knowledge gaps, current 
best practices for decontamination that are employed by different user groups or agencies are 
reviewed, along with a review of scientific literature and research to support or validate those 
practices, particularly in the area of selection and decontamination/doffing of PPE. The status of 
knowledge has been summarized in the general topic areas such as protection and procedures for 
decontamination for the various types of event (chemical, biological, radiological); use in extreme 
climate (hot or cold); hospital decontamination; and performance requirements for, and logistics 
of, re-use or PPE designed for more than CBRN response. The most important specific areas that 
would benefit from immediate effort would be: enhancement of our knowledge of performance, 
technology, and requirements for managing personnel decontamination in extreme temperature; 
determination and detection of allowable residual contamination on skin; concepts for re-use and 
multi-purpose CBRN PPE; and finally, transition of all of this information to guidance documents 
and standards. 

Significance to defence and security  

The document provides a general review of the state of knowledge in the area of PPE and personnel 
decontamination that can be used as reference by responder and policy development organisations. 
It also suggests the most important areas for future work that would support development of 
comprehensive guidance and standards in the area, for example by leading to additional material to 
be incorporated into the national standard of Canada CAN/CGSB/CSA-Z1610 Protection of first 
responders from chemical, biological, radiological, and nuclear (CBRN) events. 
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Résumé  

Le vaste domaine des sciences de la décontamination est une priorité de premier plan pour la 
plupart des ministères et organismes partenaires du Centre des sciences pour la sécurité. Le projet 
CSSP-2013-TI-1036 porte sur des secteurs bien précis des sciences de la décontamination et sur 
les capacités connexes. L’objet du présent document est de déterminer les lacunes dans les 
connaissances sur la décontamination et l’équipement de protection individuelle chimique 
biologique, radiologique et nucléaire (EPI CBRN), notamment la décontamination de l’EPI 
propre aux activités des intervenants en cas d’urgence et la sélection de l’EPI pour la ligne de 
décontamination. Afin d’arriver à cerner ces lacunes, on passe en revue les pratiques exemplaires 
actuelles de divers groupes d’utilisateurs et organismes, ainsi que la documentation et la 
recherche scientifique afin de pouvoir étayer ou valider ces pratiques, en particulier dans le 
domaine de la sélection et de la décontamination/du retrait de l’EPI. L’état des connaissances a 
été résumé dans les domaines généraux comme la protection et les procédures de décontamination 
propres aux divers types d’incidents (chimiques, biologiques, radiologiques); l’utilisation dans 
des conditions climatiques extrêmes (chaud ou froid); la décontamination hospitalière; et les 
exigences de rendement, ainsi que la logistique associée en vue de la réutilisation de l’EPI conçu 
pour plus d’une intervention CBRN. Les domaines particuliers les plus importants susceptibles de 
bénéficier d’efforts immédiats seraient : l’accroissement de nos connaissances sur le rendement, 
la technologie et les exigences de la gestion de la décontamination du personnel à des 
températures extrêmes; la délimitation et la détection de la contamination résiduelle tolérable sur 
la peau; les concepts entourant l’EPI CBRN réutilisable et polyvalent; et finalement la 
transposition de toute cette information dans des documents d’orientation et des normes. 

Importance pour la défense et la sécurité  

Le document brosse un tableau général de l’état des connaissances dans le domaine de l’EPI et de 
la décontamination du personnel qui peut servir de référence aux intervenants et aux organismes 
oeuvrant à l’élaboration des politiques. Il suggère aussi quels domaines seront les plus importants 
pour les futurs travaux de soutien à l’élaboration de lignes directrices et de normes exhaustives 
dans ce domaine, par exemple en amenant du matériel additionnel devant être intégré à la norme 
nationale du Canada CAN/CGSB/CSA-Z1610 Protection des premiers intervenants en cas 
d’incidents chimiques, biologiques, radiologiques et nucléaires (CBRN). 
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1 Introduction and objectives 

The broad topic of decontamination science is a high priority to most of the partner departments 
and organisations of the Centre for Security Science. The Canadian Safety and Security Program 
(CSSP) managed through Defence Research and Development Canada (DRDC) Centre for 
Security Science (CSS) has identified some general gaps in the area of decontamination science 
to be addressed. The scope of project CSSP-2013-TI-1036 is to address selected areas of 
decontamination science and capabilities. 

Emergency responders are specialized responders with an elevated level of personal protective 
equipment (PPE), detection equipment and/or training who are called to a critical event (once it is 
recognized/identified) involving an accidental or intentional release of a Chemical-Biological-
Radiological-Nuclear (CBRN) agent or hazardous material events and contagious outbreaks. 
Emergency responders include: first responders or receivers in the front line of response (Fire, 
Police and Emergency Medical Services / Paramedics) and CBRN or hazardous materials special 
operations units. Intervention in response to a critical event includes decontamination, which is 
the physical and/or chemical process of reducing or preventing the spread of contaminants [1] 
from people, animals, the environment or equipment involved at hazardous materials or CBRN 
incidents/events. There are many responder/receiver groups not only in Canada but around the 
globe, each employing its own decontamination procedures. The main problem that has been 
observed is that many of these procedures have not been validated by scientific research, and 
fortunately there have been few serious incidents against which to test them, so that the overall 
effectiveness of decontamination procedures and processes remains relatively unknown.  

For example, the US Department of Homeland Security [2] has identified some particular areas of 
future investigation and validation that are pertinent to decontamination and PPE including 
indicators to help determine whether contamination has been reduced to a level where additional 
decontamination is not necessary, and considerations for PPE selection, training, and use. Prior to 
this project, workshops sponsored by the CSS [3] had similarly identified a number of gaps in 
decontamination knowledge and practice.  

The focus of this document is on identifying the knowledge gaps surrounding decontamination 
and PPE, including decontamination of PPE appropriate to the activities performed by emergency 
responders and selection of PPE for the decontamination line. Current best practices for 
decontamination that are employed by different user groups or agencies are reviewed, along with 
a review of scientific literature and research to support or validate those practices, particularly in 
the area of selection and decontamination/doffing of PPE. Based on this information, the main 
gaps in knowledge and practice are summarized and recommendations for addressing these gaps 
are provided.  
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2 Background 

This document will mainly address current practices and knowledge gaps around worst case 
scenarios for a small or large scale incident involving intentional or accidental release of CBR 
agents or hazardous materials.  

2.1 Sources of information 

In order to help identify knowledge gaps and limitations in the area of decontamination in the 
Canadian context, scientific and first responder workshops were held in Ottawa in 2012, and an 
exercise in March 2014. In the latter exercise, pertinent to this report, round-robin table 
discussions were performed to assess the current state of PPE selection and responder 
decontamination line procedures. The questions focused on rehearsal and validation of 
decontamination procedures, and PPE decontamination and selection in cold temperature 
environments. Three table-top scenario-based exercises were also performed to assess how the 
participants would deal with decontamination from a relatively low hazard biological, 
radiological and chemical event. Some of the information presented below is based on these 
workshop and exercise results, as well as on individual conversations with a variety of responder 
group representatives responsible for decontamination protocols; the groups have not been 
identified/referenced in the material presented here as some of the specific information on 
procedures as it pertains to individual groups is sensitive. The remainder is sourced from the open 
literature including a number of US and UK government documents. 

2.2 Types of event 

A worst case event is likely to be a deliberate act that results in the release of chemicals, 
biological agents, radiological particulates or a combination of these; the agent is spread using 
dissemination/release devices, air movement, and contamination transfer on people and objects 
removed from the scene. Accidental releases or events are far more frequent but unlikely to reach 
worst case conditions for a variety of reasons [1], therefore planning for deliberate events is a 
more difficult task. The types of events under consideration, as also outlined in the standard 
CAN/CGSB/CSA-Z1610-11 [1], are described in more detail below. 

2.2.1 Chemical event 

A large scale worst case chemical event could include an intentional large scale chemical release 
from an explosion at an industrial factory or plant (indistinguishable from a hazardous materials 
accidental release), potentially requiring large area decontamination. This type of event and how 
to respond and select PPE [4] are relatively well understood compared with many other types. 

A small scale worst case scenario could include intentional release of a chemical warfare agent 
(CWA), requiring decontamination of a smaller area / fewer people but involving possibly much 
higher overall local hazard and decontamination effectiveness required due to the toxicity of the 
agent. 
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2.2.2 Biological event 

A large scale worst case scenario could include release into the population of a contagion with 
human-to-human transmission (contagious outbreak), including pathogens such as those that 
cause plague or smallpox. A similar long-term decontamination problem would result from a 
particularly transmissible animal pathogen that affects the food chain, such as foot and mouth. 
Contagious outbreak events mean long-term and repeated wear of PPE and continual 
decontamination and doffing requirements for those involved in treatment and remediation. 

A small scale worst case scenario event could include intentional release of the biological warfare 
agent (BWA) Bacillus anthracis (the causative agent of anthrax), which is particularly resilient 
and hard to decontaminate. 

2.2.3 Radiological event 

A large scale worst case scenario radiological event could include release/detonation of a 
radiological dispersion device or nuclear reactor breach. Radiological hazards can persist for very 
long periods of time depending on their half-lives and yield a particularly pernicious 
decontamination problem; however except for any penetrating radiation hazard, the radiological 
materials can be easier to protect against when selecting PPE. Small scale worst case events do 
not require different planning as they are not qualitatively different from large scale events. 

2.2.4 Suspicious powder event 

This event has been treated as a separate case in the Z1610 standard [1] because of its common 
occurrence and unique nature in which the hazard could be any of chemical, biological or 
radiological, and is generally very contained and small-scale so that only a few persons are 
exposed. Unique PPE selection guidance for this type of event has been developed. 

2.3 CBRN response and decontamination overview 

Issues related to selection and use of PPE are intimately intertwined with overall CBRN response 
and the implementation of decontamination best practices in general, so this document will 
include discussion of those practices where they have an impact on the timing and selection of 
PPE. In general terms, in the course of an event, there will be contaminated people (ambulatory 
and non-ambulatory), items (valuable and disposable) and buildings and terrain (shown 
schematically in Figure 1). People will be removed from the most contaminated areas before 
decontamination, while items may be removed for decontamination or left in place for 
remediation and disposal. Buildings and terrain will generally be dealt with in situ, with 
subsequent disposal as required. The zones are discussed further in the next sections. 
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Figure 2: Functional zones in a release event (from [1]); reproduced with permission. 

2.3.1.1 Hot zone 

The hot zone is the innermost of three main work zone areas at an incident. It is the area in the 
immediate vicinity of a release; the release occurs at the centre of this zone. It is the physical area 
where contamination would most likely occur since the contaminant concentration is deemed 
sufficient to cause death or injury to unprotected personnel or responders wearing inappropriate 
PPE. All people entering the hot zone must wear prescribed levels of protection, and they must 
follow procedures established to enter, work in the area, and exit the zone. Early in the event, 
before other zones are established, this zone may be termed the initial isolation zone [1][4].  

2.3.1.2 Warm zone 

The warm zone is located upwind and outside the hot (initial isolation) zone and protective action 
zone, between the hot zone and the cold zone. The inner (safety) perimeter marks the outside 
edge of this zone and is considered the initial control zone. This is the area that provides a 
transition between contaminated areas and the uncontaminated areas. The warm zone provides a 
buffer to further reduce the probability of the cold zone becoming contaminated or being affected 
by other existing hazards. The warm zone is the control zone and access corridor to the hot zone; 
it is the staging area for equipment required in support of hot zone activities. Decontamination of 
personnel and equipment takes place in a portion (decontamination corridor) of the warm zone. 
The main decontamination facility/corridor is located at the exit point of the warm zone. 
Responders in the warm zone must have PPE appropriate to the tasks they will undertake. 
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2.3.1.3 Protective action zone 

The protective action zone is located downwind from the release. Individuals in this area may be 
evacuated, sheltered in place, or supplied with protective equipment. This zone could be several 
square kilometres in size, regardless of whether the release takes place indoors or outdoors. The 
protective action zone can evolve over time.  

2.3.1.4 Cold zone 

The cold zone (or clean zone) is the outermost part of the release or incident site, and is a 
designated non-contaminated or clean area. The outer (security) perimeter marks the outside edge 
of this zone, surrounding the incident scene. Support equipment/functions and the command post 
are located in the cold zone and traffic is restricted to authorized response personnel. PPE is not 
required in this zone because exposure levels are below levels causing effects; normal work 
clothes are appropriate within this zone. Potentially contaminated personnel, clothing, equipment, 
and samples are not permitted in this zone, but are left in the warm zone until they are 
decontaminated or made safe for transport. The boundary between the cold and warm zone is 
defined based on the extent of contamination spread; there may be contamination (limited) within 
the warm zone but none in the cold zone.  

2.3.2 Events other than a release 

The major event type of concern is the disease outbreak: in this case the relevant zones are 
ill-defined, and the contamination is largely carried by people or other infected biological 
organisms. Decontamination focuses on remediation of various locations and equipment with 
which diseased organisms have come into contact; and safe doffing for responders and medical 
treatment personnel who have come into contact with contaminated individuals or who are 
performing decontamination, to avoid spread and infection. 

2.3.3 Phases of an event 

According to Z1610, there are three phases of a CBRN event [1]: 

 response; 

 intervention; and 

 recovery. 

All are pertinent to decontamination and PPE selection. In each phase, different types and 
qualities of decontamination are likely to occur. 

2.3.3.1 Phase 1 – Response 

At the outset of an event (with advance warning or once it is recognized), generalist responders 
are first on the scene. They will be responding by assessing the situation, establishing perimeters, 
and most importantly, calling in the specialists who will actually be intervening to mitigate the 
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effects of the incident. Hazards are likely unknown and PPE selection and associated activities are 
based on minimizing risk.  

Self-decontamination [5] or gross decontamination by means such as emergency washdown 
(emergency decontamination) [6] may take place during this phase, and may be directed or 
performed by individuals with no specialized PPE available. It is apparent that whatever PPE is 
available will be used and the basic selection criteria, if there is any choice at all, are no different 
from those in later phases; where PPE available is not adequate, which is likely to be the majority 
of the time, responders will need to remain at a distance from those who require decontamination 
and merely direct operations [5]. Self-care and buddy systems will be used by those exposed in 
the event to manage themselves through some initial form of agent removal (clothing removal, 
wiping, washing) [2][5]. 

2.3.3.2 Phase 2 – Intervention 

In this phase, specialist responders (interveners), trained in CBRN response, arrive on the scene 
hopefully equipped with CBRN PPE, detection, and decontamination capability/equipment as 
part of the mitigation of the incident. They can be called to go into the warm and hot zones, and 
perform more technical, advanced tasks. These specialist responders with an elevated level of 
PPE, equipment and training will monitor and modify the control zones, establish control of those 
zones, begin to assess the hazard in detail, and to determine what course of action needs to be 
pursued to mitigate the situation. Technical decontamination [5] is one aspect of mitigation, and 
personnel and equipment decontamination takes place in the warm zone.  

2.3.3.3 Phase 3 – Recovery 

In the recovery phase, hazards are known and risks to responders are better understood and 
controlled. Recommendations for PPE transitioning might have been made. Responders are more 
likely to be contracted specifically for the response as opposed to being provided by 
governmental organisations, which will instead provide guidance and oversight. PPE selection 
can be based on much more information about the nature and level of the hazard, and it is to be 
expected that personnel decontamination will be a measured approach that is well matched to the 
PPE selected. Unique technical issues of this phase are more likely to relate to the economies and 
logistics of the situation: can PPE be decontaminated and re-used or must it be disposed of? 

2.4 Principles and procedures for decontamination 

2.4.1 General approaches 

The basics of decontamination are: 

 to minimize and reduce contamination (and the spread of contamination) to a safe level; 

 to use PPE until safe to remove; and 

 to arrange the disposal of residually contaminated items. 
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The goal of decontamination is to reduce the overall hazard to acceptable levels as rapidly and 
expediently as possible. Minimizing contamination and the spread of contamination is primarily 
achieved by avoiding direct contact with liquid, solid, vapour or aerosolized contaminant. Gross 
decontamination involves the removal of as much contaminant as early as it is safe to do. The 
spread of contaminant is controlled by ensuring that the decontamination corridor is capable of 
containing the amount of expected contaminant, the flow of the run-off (if present) is directed 
towards the hot zone, and the movement along the decontamination line is closely regulated. 
There are many different ways of reducing contamination and the end goal is to achieve a safe 
level of contaminant. It is often assumed that the level must be as low as reasonably achievable 
(ALARA). However, as stated by DHS [2], with regards to decontamination of victims of an 
event: “Goals of Patient Decontamination:  

 Achieving an improvement in patients’ acute health outcomes by reducing 
short-term morbidity and mortality;  

 Achieving an improvement in patients’ long-term health outcome by 
preventing delayed morbidity;  

 Protecting the health and functioning of responders and receivers by 
preventing their secondary contamination;  

 Assuring the best health outcome for the most patients.  

This might result in a departure from the current paradigm by allowing for decontamination to a 
less than complete level but which ensures everyone will get timely decontamination …” 

For responders, the ALARA approach is not particularly applicable at the level of PPE 
decontamination. Logistical complications of operating a decontamination line, along with the 
thermal and physical burden of the PPE (and, in some cases, limited air supply), necessitates the 
need for fast throughput. Decontamination approaches appropriate for safe doffing, followed by 
disposal of contaminated PPE, should be followed. Potential skin contamination that might have 
occurred prior to or during doffing must be taken into consideration to determine whether 
subsequent skin decontamination is merited to the ALARA level.  

Decontamination measures for PPE may include/involve absorbents, adsorbents, vacuuming, 
evaporation, chemical degradation, dilution, wash-down or simply clothing removal. These 
measures will vary according to the contaminant, the phase of the activity and the item that is 
contaminated. During decontamination, PPE remains in place until deemed safe to be removed.  

There are several basic approaches to hazard reduction/decontamination that can themselves be 
achieved by a variety of means (see Figure 3): 

1. Placing a barrier around the contaminant to render it unable to cause harm (usually leaving it 
in situ, and this might involve the use of a long-term exclusion zone); 

2. Removing the contaminant without deactivating it, sometimes by dilution into some other 
medium such as water or air (a physical process), or by absorbing/adsorbing onto something 
else, meaning that it is either relocated and further treated by other means, or diluted 
sufficiently for safety; or, lastly and preferably, 

3. Breaking down the contaminant, by various means, most commonly chemical (e.g., bleach) 
or biological (e.g., microbial action) to render it reasonably inert.  
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remaining consideration is how to safely doff PPE that may still have some contamination on it. 
Therefore PPE must always be chosen with safe doffing in mind. Finally, the necessity for skin 
decontamination must be considered. 

Wet and dry decontamination approaches are both employed, with various advantages and 
disadvantages. Wet decontamination usually implies the use of sufficient quantities of (generally) 
water-based decontamination solutions that dilute and remove contaminants; the solutions may 
also contain a reactive material to aid in the decontamination process. Dry decontamination 
implies the use of totally dry or minimally damp approaches such as spraying with fine aerosols 
or vapours, wiping or vacuuming. An approach like misting with bleach or application of reactive 
skin decontamination lotion [8] is closer to dry decontamination because a large excess of 
decontamination solution is not used; however the decontaminant itself is still fairly wet. As a 
result of their potential for penetration of the equipment, dry and wet approaches impose different 
requirements on PPE. 

2.4.2 Contamination levels and effectiveness of decontamination 

For chemical agents, evaporation [9] is assumed to begin after the conclusion of the dissemination 
and deposition processes and continues as victims travel to and arrive at the medical facility. 
Evaporation prior to decontamination will limit hazards created by extremely volatile, quickly 
evaporating materials such as phosgene. Fedele et al. [10] derived characteristic time constants 
for the evaporation of CWAs. The time constant, τ, is the time for approximately 63% of the 
existing amount of material to leave the surface. This constant is defined in Equation (1): 

𝜏 =
𝑚0

𝐶𝑉𝑜𝑙𝑉𝑒𝑣𝑎𝑝
 (1) 

where m0 is the initial mass per unit area (g.m-2), CVol is the volatility of the liquid (g.m-3), and 
Vevap is an empirically determined evaporation transfer rate (m.min-1). 

The range of τ values that apply to CWAs and some selected toxic industrial compounds is given 
in [10]. Compounds that are gaseous at standard conditions, such as phosgene, are expected to 
evaporate from a liquid state in less than a minute. Water is expected to evaporate completely 
within hours, sulfur mustard within days, while VX would require years. 

Agent that desorbs from a contaminated individual mixes into the passing air and is a secondary 
source to decontamination personnel standing near the victim. In order to estimate the vapor 
concentration downwind of the contaminated individual, additional parameters are taken into 
account. The evaporating agent is assumed to be uniformly mixed within a column of air that has 
a cross-sectional area of about 1 m2. An area of the exposed individual’s surface is assumed to be 
contaminated with the reasonable maximum amount of CWA from deposition (100 g). A low 
wind (or local air flow) speed of 1 m.s-1 is assumed. If the time constant for evaporation is very 
small, the agent will evaporate from the skin and clothing before decontamination ever occurs and 
the potential exposure to responders/receivers is limited. If it is large, a small amount of agent 
will evaporate prior to and during decontamination. It was shown that agents with high toxicity 
and τ values similar to water can be expected to persist and evaporate at rates that could cause an 
airborne hazard during decontamination. Of the CWAs of concern, sarin, with its combination of 
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toxicity and volatility, poses a particularly realistic hazard after a 10 min delay. There is little 
evidence in the literature for the airborne reaerosolisation hazard that might result during 
decontamination and doffing of clothing contaminated with particulates such as biological and 
radiological aerosols. 

The effectiveness of a decontamination procedure can be expressed as the decontamination factor 
(DF). It is the ratio of contamination concentration on material before decontamination to the 
residual contamination concentration on the material after decontamination as given in 
Equation (2): 

𝐷𝐹 =
𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑛𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑒𝑐𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑓𝑡𝑒𝑟 𝑑𝑒𝑐𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛
 (2) 

A decontamination process that removes material will result in a DF greater than 1. The 
percentage of contamination removed from the surface can be given by Percent contamination 
removed (Equation (3)): 

% 𝑟𝑒𝑚𝑜𝑣𝑒𝑑 = 100 × {1 −
1

𝐷𝐹
} (3) 

For example, if DF = 100, percent contamination removed = 99% [6]. Such analysis is useful in 
the laboratory, but in practice the efficacy of decontamination on-site is rarely validated in any 
meaningful way, even in rehearsal. The common question of “how clean is clean?” [11]–[13] for 
site remediation holds equally for personnel decontamination activities—how does the responder 
know when the PPE is clean enough or the air in the decontamination line is clean enough to 
remove PPE? How does the responder know whether further skin decontamination is needed, and 
when it has been adequate?  

In theory, knowledge of the agent and appropriate exposure limits combined with near real-time 
surface and air sampling by appropriate detectors would be required to answer these questions at 
the time of the incident. Since this combination of knowledge and monitoring is not generally 
achievable for various reasons, and it would be unwise to wait for an incident to validate 
decontamination efficacy, substitution of rehearsal-based procedures in as realistic a scenario as 
possible, using contaminant simulants or actual contaminants in at least a semi-quantitative and 
sufficiently sensitive assessment, must be performed in order to realistically assess efficacy of 
decontaminants and procedures. Such rehearsals are rarely performed. 
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3 Current practices for personnel decontamination 

This section provides a review of current decontaminants and decontamination practices, which 
may not be validated or consistent across organisations; where there is evidence supporting a 
particular practice it is given. 

3.1 Tiers of decontamination 

The US military discusses several degrees of decontamination consisting of Immediate, 
Operational, Thorough, and Clearance decontamination [14], with each type being more complete 
and implying less subsequent remaining hazard. 

There are three levels of decontamination generally considered by first responders [5]: 

1. Self-care—most rapidly implemented and least technically challenging; can be undertaken as 
soon as first responders are present; 

2. Gross decontamination—requires more resources, some specialized equipment and training, 
next most rapidly implemented; and 

3. Technical decontamination—requires specialists and specialized equipment, and a more 
measured and controlled approach; likely to be delayed in implementation by a significant 
length of time after onset of event. 

Only technical decontamination is considered pertinent to persons wearing PPE, while gross 
decontamination may also be performed by persons wearing PPE. The US National Fire 
Protection Association (NFPA) associates the tiers with the competencies of the (Hazmat) 
personnel and the expected order they arrive on scene [15]:  

1. Awareness level (first on scene, recognize and secure area, call for trained personnel);  

2. Operations level (for the purpose of protecting nearby persons, the environment, or property 
from the effects of the release, controlling the release from a safe distance and keeping it 
from spreading using available equipment); 

3. Technician level (hazardous materials technicians are expected to use specialized chemical 
protective clothing and specialized control equipment to control the release); and 

4. Command level. 

Only operations and technician level personnel are expected to use PPE. Similar NFPA 
competencies for emergency medical service (EMS) personnel are suggested [16]; Basic Life 
Support and Advanced Life Support emergency medical responders are both expected to use PPE. 
All of the responder groups that wear PPE may be expected to perform or provide guidance for 
early phase or technical decontamination either on-site or at medical facilities. Decontamination 
of contaminated victims may initially be performed by a variety of expedient or self-care 
approaches before technical decontamination commences [2]. 
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3.1.1 Self-care/self-decontamination 

One of the reminders from Monteith [5] is that there is a long period prior to arrival of responders 
who can perform technical decontamination, during which responders without adequate PPE will 
be present on scene and may be instructing exposed civilians in self-care decontamination. These 
individuals may be marshalled into tents and eventually buses while they await technical 
decontamination. 

Self-care includes casualties moving away from the contamination source, wiping contaminant 
off exposed skin and hair, and disrobing in order to stop contaminant penetration to the skin and 
thereby limit the contaminant dose [17]. In fact, there are little published data that directly support 
the question of how much contamination can be removed from a person after chemical exposure 
by removing the person’s clothing despite the frequent claims of values such as 80–90% [2]. This 
information is relevant to PPE decontamination as well. The results are likely to vary depending 
on the surface being decontaminated (PPE being worn), the specific hazard agent and its physical 
state (i.e., solid, liquid, vapor or gas). 

3.1.2 Gross decontamination 

Gross decontamination is typically accomplished by the removal of the casualties’ clothing and 
the application of water through hand-held hose lines or more elaborate high volume master 
streams delivered through corridor or ladder pipe. In an urgent situation the primary focus is to 
limit the potential chemical dose by dousing with copious quantities of water using fire apparatus 
that is generally readily available in most communities [5]. 

The procedures to follow for emergency decontamination vary as a function of temperature [5][18]: 

 at temperatures at or above 18°C proceed with gross decontamination methods including 
water saturation; 

 at temperatures below 18°C but above 2°C proceed with outdoor gross decontamination 
methods including water saturation followed by individuals being moved into a heated 
building (such as a heated tent, hotel or hospital with access to large quantities of towels and 
linens) immediately following decontamination; and, finally, 

 at temperatures below 2°C outdoor disrobing and dry decontamination/blotting should take 
place followed by moving indoors for wet decontamination (e.g., water saturation or soapy 
water shower). Alternately, easily available and mobile systems such as transit buses can be 
used for provision of heated areas for disrobing.  

3.1.3 The technical decontamination line 

A common example of the immediate/initial emergency response to an unknown agent (liquid, 
solid or gas) is a wash-down with drenching volumes of water at 50 psi [18]. The wash-down line 
extends from the zone between fire trucks with the fire hoses supplying the drenching volumes of 
water. Exposed skin is then washed with soap and water. Waste run-off may be collected and city 
waste is notified. Many of the same temperature provisions would apply to technical 
decontamination as for gross decontamination; the availability of heated tents and showers is 
recommended. 
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As soon as possible, responder organisations set up a formal decontamination line for technical 
decontamination of contaminated individuals; in some cases, the line might be different for 
contaminated civilians (not wearing PPE) than for responders wearing PPE or other related 
equipment that can be handled by the same processes. The discussion throughout will focus on 
decontamination of a responder wearing PPE, but will also mention other types of 
decontamination. 

The line consists of various stations, operated by (usually one or two) Decontamination 
Technicians, listed below: 

 entrance,  

 decontamination of PPE or other related equipment, 

 doffing of PPE, 

 decontamination of skin (if required), 

 shower, 

 exit. 

One example of such a line, including handling of both contaminated civilians and responders (as 
has been taught to Canadian responders) is illustrated below in Figure 4, and also schematically in 
more detail in Figure 5. 

 
Figure 4: Chemical decontamination line: top, front view from hot zone; bottom, rear view from 

cold zone; reproduced with permission of Royal Canadian Mounted Police (RCMP). 
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Figure 5 illustrates a decontamination line in which multiple decontamination issues are dealt 
with side-by-side. These are, from right to left, (i) bagged evidence that has been removed from 
the scene; (ii) responders wearing air permeable (activated carbon) suits; (iii) responders wearing 
totally encapsulating (level A, air impermeable) suits; (iv) non-ambulatory personnel with or 
without PPE; (v) ambulatory personnel without PPE. The shower-out area is not shown. 

 
Figure 5: Schematic of decontamination line shown in Figure 4;  

reproduced with permission of the Royal Canadian Mounted Police. 

Another example is drawn from the UK Home office [19], which describes the decontamination 
line and issues to do with decontamination of people (Figure 6); it does not go into details of PPE 
choices. 
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Non-ambulatory personnel will be dealt with differently depending on the details of their injury. 
Generally, a suitably designed decontamination stretcher is recommended that is sloped from 
head to toe allowing for run-off [20].  

When doffing/decontamination is being performed in a healthcare setting, the US Centers for 
Disease Control also recommends the use of a trained observer who “should read aloud to the 
healthcare worker each step in the procedure checklist and visually confirm and document that 
the step has been completed correctly. The trained observer … will coach, monitor, and document 
successful donning and doffing procedures, and provide immediate corrective instruction if the 
healthcare worker is not following the recommended steps. However, the trained observer should 
NOT provide physical assistance during doffing, which would require direct contact with 
potentially contaminated PPE. The trained observer is required to wear PPE, nonetheless, because 
the coaching role will necessitate being present in the PPE removal area during the doffing 
process.” [21] 

Skin decontamination or showering out may or may not be performed; the decision may be based 
on knowledge of the hazard but there is general inconsistency regarding the necessity amongst 
responder organisations. 

3.2 Decontaminants and decontamination protocols  

3.2.1 General 

This section does not attempt to exhaustively describe all of the chemicals and procedures that 
can be used for decontamination of people and PPE. There are a number of general reviews of 
current and developmental decontamination technologies that can be used for reference [22]–[26].  

Historically, bleach (sodium hypochlorite at various concentrations in water) has been used as an 
all-purpose decontaminant, along with copious quantities of water or soapy water, and various 
powdered absorbent materials such as Fuller’s Earth. Each of these approaches has limitations: 

 Aside from questionable efficacy given the relatively short contact time in a 
decontamination line, two of the significant disadvantages of bleach are its potential hazard 
when mixed with certain chemicals that it can ignite, and its corrosiveness to skin and other 
surfaces. As Chilcott has noted [27], “the threshold dose of hypochlorite for eye irritation 
(0.5%) is of questionable value for the rapid and complete neutralisation of chemicals on the 
skin surface”. 

 Any use of excess volumes of wash water creates a problem for contamination and 
wastewater control.  

 Powdered absorbent materials can create a contamination control problem because of the 
significant potential for reaerosolisation.  

Hence, since all of these previous approaches have been recognized to have shortcomings under 
certain conditions, recommended decontaminants and procedures now vary depending on the 
particular hazard and the surface to be decontaminated. In general, aside from their effectiveness, 
many PPE decontaminants are chosen to be minimally hazardous to skin so that the probability of 
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an adverse reaction if the decontaminant is contacted during doffing of the PPE is low. The 
following sections discuss some of the recent guidance or technical literature validating particular 
decontaminants that could be relevant to PPE selection and decontamination.  

It is rare for information to be easily available on the safety of reactive/chemical decontaminants to 
personnel. For the most part, it is expected that only skin is likely to accidentally come into contact 
with decontaminant as respirators should be chosen for complete protection of the face, eyes and 
respiratory tract, and therefore inhalation and eye irritation should not be considerations for 
selection of the type and concentration of the decontaminant for PPE. Separate decontamination 
procedures are followed after the respirator is doffed. According to Chan et al. [28], “The desirable 
traits of a good [skin] decontaminant are (i) it effectively removes the contaminant of interest; 
(ii) it is readily available; (iii) it acts rapidly; (iv) it does not enhance percutaneous 
penetration/absorption of the contaminant (the wash-in effect); (v) it is readily removed without 
leaving an objectionable residue; (vi) it does not damage the skin; (vii) it is easily disposed of and 
(ix) it is affordable. … Usually, more than one method is required – for example, physical 
removal of clothing, flushing with water and chemical alteration…” 

The most common active ingredients in general CBRN decontaminants are oxidizers, as their 
action is fairly generic in reacting with most chemical and biological substances, examples being 
peroxides including hydrogen peroxide and peracetic acid, persulfates, and various chlorinated 
substances such as chlorine dioxide or bleach. They vary in degree of corrosivity, with the more 
recently developed decontaminants more likely to be less corrosive to skin and other materials. 
Many modern decontaminants are provided with enhanced action for coating/surface adhesion, 
penetration into porous surfaces, and removal, through the use of surfactants (detergents) and 
foaming agents, which are generally relatively benign; most modern decontaminants have also 
eliminated environmentally unfriendly solvents that can cause problems with waste as well as 
potentially causing damage to sensitive polymeric materials. 

3.2.2 Decontamination of chemicals 

Singh et al. [29] have reviewed a variety of chemicals used or proposed for decontamination of 
chemical warfare agents and discuss the applicability or safety of various decontamination agents 
to skin. In general it is hard to predict how rapidly chemicals will be deactivated by reaction with 
a decontaminant, since reaction times can vary significantly based on a number of factors such as 
the nature of the reaction chemistry, the temperature, contact efficacy, and the concentration and 
amount of the decontaminant and the contaminant. Hence it should generally be assumed that if 
chemical contamination has occurred, it still exists at all times before doffing the PPE. Chemicals 
are likely to reach the skin primarily as vapours and for the most highly toxic chemical vapours at 
high concentrations, skin contamination can be significant with insufficient protection. 

For personal decontamination, the family of decontamination lotions can be used as an alternative 
to soap and water or dilute bleach. For example, Reactive Skin Decontamination Lotion (RSDL), 
developed for the Canadian Armed Forces, is a generally non-corrosive broad-spectrum skin 
decontamination product that neutralizes and removes CW agents such as tabun, sarin, soman, 
cyclohexyl sarin, nerve agents, and T2 toxins from the skin. RSDL comes pre-impregnated in a 
sponge that does not smear or spread the CW agent beyond the point of application. It is FDA and 
Health Canada approved for emergency use after exposure. A determination of its 
decontamination efficacy used guinea pigs in comparing RSDL with 0.5% hypochlorite, and soap 
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and water, against neat GD and VX. It was found that RSDL decontaminated the skin of the 
guinea pigs best overall, while bleach was not substantially more protective than soap and water 
[8][30][31].  

3.2.3 Decontamination of vegetative biologicals, spores, and toxins 

Krauter et al. [32] have provided a systematic approach for selection of decontaminants and 
procedures in the case of a biocontamination event of any kind. They have listed numerous 
gaseous and liquid decontaminants, along with various treatments that can be performed in order 
to clean, rinse or seal surfaces before or after application of a reactive decontaminant. 
Disinfection of most biological materials is a relatively rapid procedure; however certain 
biological materials and spores in particular react much more slowly with decontaminants. The 
presence of additional soil load (e.g., dirt or body fluids) can also significantly reduce the efficacy 
of decontaminants. 

For vegetative biological agents, for personal decontamination single-use wipes and appropriate 
disinfectant are suggested for health care workers and facilities. A number of disinfectants are 
available as some form of impregnated applicator such as wipes or sponges. The traditional 
personnel decontamination line may use a light bleach spray e.g., household bleach 
diluted 1:10 in water1. For building decontamination, a complete list of chemicals approved by 
the EPA to disinfect areas and surfaces that may have been contaminated with Ebola has been 
published [33]. For example, in the case of Ebola, The Centers for Disease Control’s guidance 
[34] recommends the use of a US Environmental Protection Agency (EPA)-registered hospital 
disinfectant with a label claim for use against a non-enveloped virus (e.g., norovirus, rotavirus, 
adenovirus, poliovirus). 

Spores are much more resistant to decontamination than vegetative biological agents. Various 
studies have investigated the efficacy of sporicides for B. anthracis spores [25]. For example, 
Calfee et al. examined the efficacy of a number of common liquid sporicides on various outdoor 
surfaces some of which could also be representative of PPE materials (various hard metal 
surfaces, porous surfaces, wood and butyl rubber). Not surprisingly, porous surfaces were the 
hardest to decontaminate and the best product was found to be CASCAD Surface 
Decontamination Foam probably because of its particular foaming action [35]. Similar results 
were found in [36]. Relevant to the traditional personnel decontamination line, combinations of 
hypochlorite and hydrogen peroxide sprays have been found to be more effective than either 
alone [37]. Minimum 30 minute decontamination times using 1:10 diluted household bleach for 
spores, and at least 15 minutes for ricin, were required based on a study on PPE materials [38]. 
Some disinfectants retain efficacy better in the presence of biological load such as grease e.g., 
Accelerated Hydrogen Peroxide [39]; it is noteworthy that very long contact times are required 
for complete elimination particularly at lower temperatures and therefore for spores in particular, 
it should be assumed that surfaces remain contaminated at all times while the PPE is worn, and 
that decontamination of body surfaces will be primarily achieved by removal (thorough washing) 
and not by chemical reaction. 

An evaluation of protocols for the decontamination line for biological contamination incidents 
has been performed by the EPA [40]. No evaluation of killing efficacy by the decontaminants was 
                                                      
1 Household bleach is 5–6% hypochlorite in water. 
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performed; fluorescently dyed powder was used as a surrogate to track cross-contamination or the 
spread of contamination. Technicians wore level C style HAZMAT suits with relatively poor 
closures and fit, typical of what is currently used. The following results were found: 

 using a contact item such as a brush moved contaminant around; gentle mist to reduce 
reaerosolisation seemed more appropriate;  

 use of scrubbing increased the likelihood of penetration through closures; 

 adding more decontamination personnel increased likelihood of contamination i.e., more 
people were contaminated; 

 decontamination personnel should wear multiple disposable gloves and strip the outer one 
regularly (multiple times during a single doffing); 

 wearing two layers of impermeable suits significantly reduced the likelihood of 
contamination reaching the skin of the wearer; and 

 there was no procedure that was completely successful at preventing cross-contamination of 
either the attendants or the wearers. 

Further recommendations were:  

 complete showering of the skin after doffing PPE can further ensure that no contaminants 
are spread; and 

 each time procedures are changed, new evaluations must be performed. 

Methodologies using a spore simulant for Bacillus anthracis have also been developed for 
validation of military decontamination procedures [41]. 

3.2.4 Decontamination of radiologicals  

There is little published literature on the decontamination of radiological materials pertinent to 
this report. It is of course true that the only form of relevant decontamination procedure is 
removal since deactivation is not possible. Guidance documents generally assume that approaches 
that work for removal of chemicals or biologicals will be adequate for radiological materials. To 
some degree, this is likely true for decontamination of the outside of PPE with the intent of 
minimizing contamination transfer. It is less clear whether the same is true for cases where 
thorough decontamination is more important, such as skin. 

A series of swine-skin decontamination trials were performed using selected radiological 
materials (64Cu, 42K, 24Na, and 99mTc) and the decontamination agents evaluated included water, 
soap, Fuller’s Earth paste, and both Active and Non-Active RSDL [42]. Initial decontamination 
attempts reduced the residual contamination levels to about 50% and the lowest residual 
contamination achieved after multiple decontamination cycles was 20%. Fuller’s Earth paste 
yielded the best results for all radionuclides; however it is noteworthy that the best 
decontamination efficiency for 99mTc was ~40% after six decontamination cycles. Water was 
more effective than either of the decontamination lotions. Given how different this result is from 
relative efficacies obtained for decontamination of chemicals, it is apparent that each class of 
contaminant must be approached individually rather than assumptions being made about efficacy 
on the basis of similarity. 
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Some studies of residual contamination after various forms of skin decontamination have been 
performed; in particular Chan et al. [28] also performed a systematic comparison of residual skin 
hazard after washing skin using various approaches (soaps, oils, detergents, dermabrasive 
cleansers) and for various durations (1–4 minutes), using four different radiological agents. For 
the radiological agents, residual percentage continued to drop till the longest time of 4 minutes 
although the rate of drop slowed, and a dermabrasive cleanser was more reliably effective for 
various contaminants than liquid detergent, detergent foam, or soap and water. Oily cleaners in 
some cases were particularly effective. Greater removal efficacy was always obtained with earlier 
skin washing, indicating that a shower out on the scene after doffing should always be a 
component of individual decontamination.  

3.2.5 Dry decontaminants 

Chilcott has reviewed expedient absorbent/dry decontamination options including sponges, wet 
wipes, wash cloths, and various disposable paper products, and has compared their water and oil 
absorbencies [27]. As in the case of radiological decontamination, similar efficiency results were 
found when using dry microfiber wipes for removing fine powders in general from solid, smooth 
surfaces [43]; removal of not more than 70% could be achieved.  

One responder organisation reported using sticky tape to remove surface contamination; no 
literature suggesting the degree of efficacy for this application could be found although it is a 
form of standard practice for surface cleaning of particulates [44] and evidence recovery. It is 
noted that for stripping the outer layers of the skin as performed routinely for decontamination 
and drug absorption studies, “adhesive type, pressure, contact time, and removal technique [need 
to be] explicitly defined and controlled when utilizing the method” [45]. The same conclusions 
seem likely to hold for decontamination of skin and PPE surfaces using tape-stripping. 

Although vacuuming with capture using an appropriate fine particle filter is stated as being an 
effective approach in a number of sources (for example, [14]), no publications demonstrating 
efficacy could be found.  

3.2.6 Skin decontamination / shower-out 

Skin decontamination or showering out is often not performed. If it is performed, various 
approaches are recommended as outlined in Table 1. 

Table 1: Recommended skin decontamination approaches for particular agents [18][19][46]. 

Agent Decontamination approach 

Anthrax (Not contagious) Wash skin with soap and water. 
Plague (Contagious) Wash skin with soap and water. 
Tularemia (Not contagious) Wash skin with soap and water. 
Smallpox (Contagious) Wash skin with soap and water. 
Viral Hemorrhagic Fever (Contagious) Wash skin with soap and water. 
Botulinum toxin Wash skin with soap and water. 
Ricin toxin Wash skin with soap and water. 
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Agent Decontamination approach 

Nerve Agents, Tabun, Sarin, Soman, 
Cyclosarin, V Agents 

Wash skin with liberal amounts of soap and water or 0.5% 
hypochlorite solution; Reactive Skin Decontamination 
Lotion. 

Blood Agents (Cyanide), Hydrogen Cyanide, 
Cyanogen Chloride 

Wash skin with liberal amounts of soap and water. 

Blister Agents (Vesicants), Sulfur Mustard, 
Lewisite, Phosgene Oxime 

Wash skin with 0.5% hypochlorite solution followed by 
liberal amounts of soap and water. 

Choking Agents (Pulmonary), Phosgene, 
Sulfur dioxide, Chlorine, Oxides of nitrogen, 
Diphosgene, Chloropicrin 

Wash skin with liberal amounts of soap and water. 

Riot Agents Wash skin with liberal amounts of soap and water or 0.5% 
baking soda solution. 

Ionizing Radiation, Alpha particles, Beta 
particles, Gamma radiation & X-Rays, 
Neutrons 

Wash skin with liberal amounts of soap and water; wipe 
skin with baby wipes until no further contamination is 
removed (by measurement on the wipes).  

In general, the shower-out process can be seen to have a number of possible issues, as the time to 
perform is not particularly long compared to the desired contact time for most decontaminants.  

A European project on mass decontamination investigated a variety of parameters for the efficacy 
of decontamination of chemical agents from skin (pig skin model) [47] and chemical agent 
simulants from humans [48] using expediently available materials, including: 

 water temperature 15–40°C; 

 shower duration 0.5–6 min; 

 various detergents; and 

 physical washing with: various cloths, sponge, and water alone. 

Taking into consideration individual comfort, the optimum conditions were found to be 
showering at 35°C using a cotton washcloth for 30 seconds, with a selected detergent, along with 
a buddy system for cleaning on the dorsal side. 

Similarly, the Department of Homeland Security [2] recommends water based showers for skin 
decontamination: In two studies utilizing human subjects, a water shower significantly reduced 
levels of simulated chemical contaminants on the subjects, using water soluble, less 
water-soluble, and oily contaminants [49][50]. A showering duration of 0.5–3 min is 
recommended using low pressure (~50–60 psi), high volume, and slightly warm, not hot 
temperature. Gentle rubbing, preferably with a cloth and blotting rather than spreading where 
contamination is suspected is recommended. 

According to Chilcott [27], towel-drying may also remove up to 30% of the remaining skin 
contamination particularly when the showering protocol was ineffective. 
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3.3 Detection for assessment of cleanliness during 
decontamination 

Prior to PPE selection and use and when trying to identify the type of event, response 
organisations will generally detect first for explosive materials, and then will look for radiation, 
biological, and finally chemical hazards. However, as noted in the literature, “Few data exist that 
provide valid measures to assess successful decontamination, particularly when there are mass 
numbers of contaminated victims.” [51] Some quantitative approaches have been developed for 
validation such as a US Test Operations Procedure that discusses procedures for quantitation of 
decontamination efficacy by using coupons that contain material to be decontaminated [52] 
located on relevant surfaces, and another US Army report that evaluated an expedient 
decontamination method [53] by monitoring removal of a fluorophore. However the decision on 
“how clean is clean” is not an easy one to make [13]. Current guidance [2] suggests indicators to 
watch for such as: 

 visual cleanliness; 

 individual’s subjective perception of completeness of decontamination; 

 having followed procedures appropriately; 

 improvement in condition of exposed individual; and 

 results from detection. 

Only the last two indicators can truly be said to indicate likely success of decontamination and it 
is certainly possible that they too can yield incorrect results when interpretation is not guided by 
sufficient data. 

Each responder organisation may follow a different approach for determination of the initial and 
residual hazards in practice. Much of the information below was gathered from a variety of 
surveys of responder organisations; it is not intended to be exhaustive but rather representative. 

3.3.1 Chemical events 

Most chemicals have numerous exposure guidelines that can be applied when assessing the 
success of decontamination, for example the set of protective action criteria [54]. Various 
electronic detectors can be used for detection and identification of chemical substances at the 
event. These would rarely be used on the decontamination line to gauge the success of 
decontamination or residual skin hazard, particularly since few if any hand-held detectors are 
sensitive enough to detect concentrations of the more hazardous agents at the relevant exposure 
limits in real time, but such detectors might be used to monitor off-gassing concentrations in the 
warm zone or wherever decontamination activities are occurring in order to aid in validating 
procedures or PPE requirements.  

3.3.2 Biological events 

There are no exposure guidelines for biological materials to aid in assessing the sufficiency of 
decontamination and no real-time sensors/detectors. Organisations will rarely if ever use 
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detection equipment on the decontamination line. Some organisations may do presumptive testing 
for biologicals using hand-held assays at some point during the early stages of the event. The 
success of infrastructure decontamination may be estimated by sampling of known hazard 
organisms or by using surrogate biological indicators (BI) either of which is taken back to a 
laboratory for viability evaluation. There are significant difficulties with using any BI that does 
not mimic exactly the behaviour of the organism to be killed (either over- or under-predicting kill 
rate) and there are also numerous issues that may cause a few organisms to be protected and 
remain viable (clumping, other biological burden e.g., soil or proteinaceous matter, or particular 
surfaces such as rubber) [55].  

3.3.3 Radiological events 

Radiological monitoring is applied most commonly because of the ease of use and routine 
availability of appropriate hand-held monitors. It may be used anywhere on the scene, including 
to monitor residual contamination on skin or removal efficacy onto wipes. There are no explicit 
standards for protection against radiation to be provided by PPE; rather dosimetry is used to 
control exposure per national and international standards. PPE itself provides little to no 
protection from direct irradiation resulting from high energy radiation such as gamma rays. 
However it can protect by preventing contact with or inhalation/ingestion of particulates that emit 
hazardous radiation.  

The International Commission on Radiation Protection (ICRP) identifies three categories of 
responders to a radiological event [56]: 

 Category 1: urgent action at the site of the accident (release in the case of a deliberate 
event);  

 Category 2: implementing early protective actions and taking action to protect the public;  

 Category 3: recovery operations. 

Responders to a CBRN event are likely to fall into all three categories. According to Z1610, the 
Radiation Exposure State (RES) 1E (Table 2) is considered an acceptable level for first 
responders, based on the recommendations of the ICRP [56][57] for allowable exposures in 
emergency rescues, representing a total cumulative dose level between 250 to 700 mSv. Using 
NATO dose guidelines for low level radiation [58], this exposure state is considered a significant 
risk. It might be considered that responders working exclusively on a decontamination line, and 
thus providing more indirect support (i.e., not themselves performing life-saving actions), should 
be permitted a lower exposure; Table 2 also displays the RES dose levels associated with lower 
categories of risk. 
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Table 2: Commanders guide on low level radiation exposure in military operations [58]. 

Total 
cumulative 
dose (mSv) 

RES category State Actions 

< 0.5 0 No Risk None 

0.5 to 5 1A Normal Risk 
Record individual dose readings 

Initiate periodic monitoring 

5 to 50 1B Minimal Risk 

Record individual dose readings 
Continue monitoring 

Initiate rad survey 
Establish dose control measures as part of 

operations 
Prioritize tasks 

50 to 100 1C Limited Risk 

Record individual dose readings 
Continue monitoring and update survey 

Continue dose control measures 
Execute priority tasks only 

100 to 250 1D Increased Risk 

Record individual dose readings 
Continue monitoring and update survey 

Continue dose control measures 
Continue to execute priority tasks only 

Identify critical tasks 

250 to 700 1E Significant Risk 

Record individual dose readings 
Continue monitoring and update survey 

Continue dose control measures 
Continue executing critical tasks only 

Consider troop evacuation 

When decontaminating an individual who has already been exposed to radiation (for example 
from direct exposure to gamma radiation passing through PPE), it is apparent that any remaining 
dose-generating particles on the skin must contribute minimally to adding to their exposure, or 
that of anyone with whom they might subsequently come into contact, including at-risk 
populations, by any route.  

3.4 Comment 

There is considerable variation in the approaches to dealing with each type of event, but perhaps 
in dealing with particulate events in particular. Some organisations practice dry decontamination 
procedure by vacuuming the ensemble or using some type of absorbent material or wipe to 
remove the contaminant. It has been shown that some dry decontamination approaches are not 
particularly effective (removal efficiencies such as 70% are reported). Alternately some 
organisations spray down the suit with water to hold down particulate contaminants from 
re-aerosolising. There are few studies to validate how relatively effective these techniques are for 
different styles of PPE, and which take into consideration the specific hazards of concern, their 
toxicity, route of entry, as well as modern PPE styles that may have different exterior surfaces 
and durability.  

One example of a question that can be asked as part of the risk/benefit analysis is, do the time 
required and potential hazards from the process of wet/spray decontamination outweigh the 
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benefits of removing the responder from their PPE as quickly as possible? It may be more 
beneficial in the short term for the decontamination team to concentrate on decontaminating the 
responder’s skin from the hazard rather than decontaminating the suit. For example, spraying the 
suit with bleach solution may kill so little of B. anthracis spores that the level of hazard is 
relatively the same whether one sprays with 1:5 or 1:10 diluted household bleach or no bleach 
solution at all; it may be more advantageous in the case of biological contamination to 
concentrate the decontamination efforts in removing the responder from the suit, and thoroughly 
cleaning the person’s skin, thus potentially focusing the efforts where they are most required and 
increasing throughput. 
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4 Personal protective equipment for CBRN protection 

This section will provide a general discussion of PPE currently used for decontamination roles 
including applicable standards and selection guidance, as well as the general decontaminability of 
PPE. Respiratory protection is described first, followed by dermal protective items and ensembles 
encompassing respiratory protection. 

4.1 Respiratory Protective Devices (RPDs) 

All CBRN-style RPDs are full-face, i.e., their facepieces cover the face including mouth and eyes. 
Some devices may include an entire head covering.  

4.1.1 Self-contained air systems 

National Institute of Occupational Safety and Health (US) (NIOSH) CBRN-approved 
self-contained breathing apparatus (SCBA) [59]: These consist of a portable air tank worn in a 
harness that supplies an appropriate facepiece. The main CBRN SCBA systems routinely available 
in Canada are NIOSH CBRN-approved SCBA systems and are acceptable for any use as they 
provide excellent CBRN protection. The positive pressure maintained inside the facepiece provides 
high levels of protection, and the clean air supply ensures no toxic materials are breathed in. They 
require more user training and equipment maintenance, are higher weight, and more expensive than 
APR’s, but on the positive side, they have lower breathing resistance and provide cool breathing air. 
Air tanks must be replaced, preferably in the cold zone, at intervals of 30 min to 1 h; therefore very 
limited duration of use is possible without a decontamination process. Under Z1610, a capital S is 
used to denote a configuration to be worn including this type of SCBA. 

4.1.2 Air-purifying systems 

CBRN air purifying respirator (APR): These consist of a facepiece with a mounted filter that 
removes a wide variety of chemicals and effectively filters particulates of all types. APRs of both 
military and NIOSH-approved CBRN [60] styles are commonly used in Canada. Military APRs 
are intended to protect against warfare agents; their capabilities for many types of hazards are 
likely to be sufficient for what is required by first responders for a CBRN APR (although toxic 
industrial chemical protection is often not explicitly addressed by the military). APR’s are 
generally suitable for protection in a decontamination zone, i.e., where they will be exposed to 
lower concentrations of chemicals and biological and radiological aerosols than in the hot zone, 
as they are wearable for a long period of time while continuing to provide protection; however the 
specifics of an APR’s chemical removal capabilities must be matched with the approximate 
concentration and type of chemical believed to be present. This category of respirators is likely to 
meet the description of a vP RPD specified in Z16102. APR’s that only protect against 

                                                      
2 Under Z1610, a VP system has been proven to meet certain high level protection requirements for 
chemicals of most concern as vapours/gases, while a vP system has not demonstrated the same level of 
protection against chemicals. Both must provide high levels of particulate protection (E4 as described in 
Table 3). 
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particulates (P RPD’s under Z1610) are recognized as potentially appropriate for use in a 
particulate event (e.g., biological or radiological), but their particular appropriateness for a 
decontamination application would need to be examined in more detail.  

NIOSH CBRN-approved powered-air purifying respirator (PAPR) [61]: A powered-air 
purifying respirator consists of an APR facepiece, usually with modified air handling valves for 
better air management and maintenance of overpressure in the facepiece, and a blower unit on 
which the filter system is mounted. The main CBRN PAPR systems routinely available in Canada 
are NIOSH CBRN-approved tight-fitting PAPR systems (likely to meet the requirements of a 
PAPR-vP in Z1610) and like APR’s, are generally suitable for protection in a decontamination 
zone, i.e., where they will be exposed to lower concentrations of chemicals and biological and 
radiological aerosols than in the hot zone, as they are wearable for a long period of time; however 
the specifics of any APR’s chemical removal capabilities must be matched with the approximate 
concentration and type of chemical believed to be present. PAPR’s require more equipment 
maintenance, are higher weight, and are more expensive than APR’s, but on the positive side, 
they have lower breathing resistance, provide face cooling from the high flow breathing area, and 
generally provide higher levels of respiratory protection due to the positive airflow inside the 
facepiece.  

Filtering facepiece (FFP) RPDs: These are negative-pressure respirators that have a filter as an 
integral part of the facepiece, or that have a facepiece entirely composed of filtering material, 
almost always for particulate protection only. These types of RPDs can be used for lower levels 
of biological and radiological hazards including contagious outbreak events where lower 
protection levels might be appropriate for certain activities, work locations, and organisms. As 
these RPDs are absent of an eyepiece, appropriate eye wear (such as goggles) is necessary to 
provide ocular protection. The N95 (Not for oil, removing a minimum of 95% of particulates) 
FFP RPD is commonly used in healthcare settings. 

FFP RPDs are generally not suitable for protection in decontamination zones for biological or 
radiological aerosol events, unless the more efficient filters that meet the P (or E4) particulate 
protection performance requirements of Z1610 are worn with eye protection (see Table 3). 
Regardless, they should only be used where the wearer will be exposed to lower concentrations of 
particulates than in the hot zone. N95 filtering facepiece devices are used routinely in medical/hospital 
settings, and could be used in decontamination zones for deliberate contagious outbreak events, 
provided that additional information on the hazard is available and assessed appropriately; under 
Z1610 they would be specified as E1 (but may perform as well as E2) (Table 3). These RPDs are 
wearable for long periods of time while continuing to provide particulate protection. They are 
significantly cheaper, provide lower breathing resistance, and generally tend to be much less 
claustrophobic than other styles of RPD already discussed. The use of corrective vision (i.e., eye 
glasses) is much easier to incorporate when wearing these types of RPDs, as many brands of 
goggles are designed to effectively fit over eye glasses. Goggles must be selected with care, as 
with insufficient ventilation they will fog; however with too much ventilation they provide no 
protection against airborne materials. 
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Table 3: Particulate filtration levels per Z1610. 

Particulate filtration level Filtration factor 
E0 1–9 
E1 10–99 
E2 100–999 
E3 1,000–9,999 
E4 ≥ 10,000 

As a final note, it should always be recalled that surgical masks do not provide the wearer any 
respiratory protection; their intended function is to prevent the patient from being infected by the 
wearer and not the reverse. They do confer some protection by preventing contamination transfer 
from the hands to the mouth and nose. 

4.1.3 Combined mode 

There are RPD’s that provide the capability to switch between SCBA and APR or SCBA and 
PAPR modes. Few are CBRN approved in all the configurations that they can be worn in. Some 
of the issues that prevent simultaneous approval may be largely irrelevant to their intended use for 
a decontamination application, but each case must be examined individually. If a combined mode 
device has been evaluated only in a single mode, without the ancillary components present (for 
example, as an SCBA without the addition PAPR blower components present) then there is no 
guarantee that it will perform adequately even in the mode that has been evaluated, due to various 
design/integration problems that can be introduced by the addition of new components. 

4.1.4 Decontaminability 

No manufacturer recommends re-use of their equipment after significant contamination. 
Nevertheless, PPE shortage during a major CBRN event is a distinct possibility and consideration 
of emergency decontamination and re-use cannot be rejected out of hand.  

Although it is generally assumed that polymeric facepieces are to some degree decontaminable, 
there is very little evidence to suggest that re-use is possible/safe. While elastomers are generally 
fairly durable, visors/eyepieces may be clouded by some decontaminants and adhesives may also 
not withstand aggressive treatment. The effectiveness of physical removal of radiologicals can be 
monitored prior to re-use. Removal of biological agents combined with disinfection procedures 
may be adequate for many agents but such procedures would need to be validated. Chemicals can 
be relatively aggressive and persistent CWA’s such as nerve and blistering agents in particular 
can be hard to decontaminate, as they permeate into elastomers making them hard to reach by 
decontaminants, continuing to off-gas at measurable levels for long periods (days to weeks). 

FFP devices are essentially single use although some studies have been performed to substantiate 
decontamination (disinfection) and re-use in a shortage for a contagious outbreak event [61]–[64]. 
No generally universal procedure appropriate for all bioagents has been demonstrated.  
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4.2 Dermal Protective Equipment (DPE) and ensembles 

4.2.1 General CBRN ensembles 

Conventional descriptions of protective ensembles that have been used in a decontamination role 
in Canada have historically fallen into two categories:  

 the U.S. Occupational Safety and Health Administration (OSHA)/EPA designations of 
Levels A, B, C [65] (intended for industrial spill response and that are descriptive only with 
no performance requirements); and  

 air permeable active-carbon-containing overgarments (military style).  

These are described in Z1610 and in [66]. Their similarity to other more standardised styles is 
described below. 

Currently, CBRN garments meeting NFPA standards are gaining traction in Canada, with 
NFPA 1991 [67] and NFPA 1994 Class 2 and Class 3 garments [68] in more common use; these 
standards impose performance requirements on the garments alone, but must be worn with a 
selected set of NIOSH CBRN approved RPD’s.  

Z1610 has introduced a number of additional classes of recognized configurations with more 
rigorous performance requirements, including full system level integration between the garments 
and the respirator. Z1610 also provides for more cross-over such that different styles and levels of 
dermal protection can be worn with different classes of respirators, compared with the NFPA 
classification system. The Z1610 configurations are compared with the similar style American 
configuration descriptions below; in general, Z1610 imposes higher performance requirements 
than the NFPA standard, but most configurations are based on NIOSH and NFPA components as 
starting points. No approved configurations are available yet against Z1610 but it provides 
considerable useful guidance on system level requirements. 

All of the garment/ensemble configurations listed above are described further below, grouped by 
their general style. 

 Level A/NFPA 1991 systems are totally encapsulating suits worn with self-contained air. 

 This category corresponds roughly to the Z1610 C1S configuration. 

 Level B/NFPA 1992 [69]/NFPA 1994 Class 2 are non-totally encapsulating splash-proof 
suits worn with self-contained air.  

 This category corresponds roughly to the Z1610 C2S configuration.  

 Level C/NFPA 1992/NFPA 1994 Class 3 systems are splash-proof suits worn with APRs. 
 These visually correspond roughly to Z1610 C2vP in some ways but performance 

requirements are quite different; a C2 system under Z1610 in fact requires the use of 
an NFPA 1994 Class 2 garment.  

 Level C garments, having no performance requirements, are often poorly integrated 
with other components of the protective ensemble. Tape is often used to seal 
between the garment and all the other items, to compensate for poor design. 
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NFPA 1992 garments likewise have few performance requirements. Class 2 
garments are more splash-proof and allow limited liquid/vapour penetration through 
closures, making them more suitable for a decontamination role. 

 Class 3 garments, which use moisture-vapour permeable (MVP) materials for 
enhanced evaporative cooling of the wearer, have not been considered explicitly for 
their suitability for the decontamination role in Z1610, but may have a particular 
applicability due to their theoretically reduced thermal burden compared with a 
Class 2/C2 system. They are also splash-proof but with slightly lower closure 
performance.  
 There are also some such MVP systems available that are not approved under 

NFPA and hence generally meet the description of Level B or C systems 
depending on the RPD worn. 

 CM systems (e.g., CMS, CMvP) under Z1610 are military-style active carbon garments 
specifically designed to protect against CWA’s in particular; there are also active carbon 
garment systems sold for first responder use that would not come close to meeting the CM 
requirements. As stated in Z1610: 

“These generally consist of a one- or two-piece garment that has an integrated hood 
and is worn with chemically resistant gloves and overboots (usually constructed from 
rubber). The garment material system is air permeable, which extends wear times 
compared to air-impermeable materials. The material consists of a liquid-repellent 
outer layer, adsorptive carbon liner, and a comfort layer next to the skin.  

Such a system provides [selected] protection against very small CWA droplets 
(splash), CWA vapours, and filtering of solid aerosols and particulates, but is not 
suitable for use where exposure to gross contamination from bulk liquids can occur. 
It is not necessarily suitable for protection against many TICs, particularly 
low-boiling-point dermally active compounds, and should not be used in the 
hot/initial isolation zone at the beginning of an event. Responders on the 
decontamination line may also wear such systems, despite limitations having to do 
with their general permeability to agent and liquid-based decontamination solutions.” 

 Additionally there are a number of ISO classes of chemical protective suits [70][71] that 
could be suitable for the decontamination application. Note the similarities to Z1610 
concepts are in design only, not other requirements. 
 Type 1a, similar to Z1610 C1S; 
 Type 3, similar to NFPA 1992; 
 Type 1b or Type 4, similar to Z1610 C2; and 
 Type 5, similar to Z1610 C4. 

 ISO also specifies radiologically protective suits [72]. 

As Z1610 points out, unrecognized and particularly unstandardized configurations/ensembles 
have no guarantee of pertinent performance; therefore picking components that meet some 
relevant standard and ensuring appropriate system integration is prudent. Table 4 below examines 
the capabilities and limitations of particular combinations of RPD and DPE, most of which have 
not been thoroughly evaluated as ensembles. 
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Table 4: Information on limited protection PPE from Z1610 [1]; reproduced with permission. 
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4.2.2 Ensembles for biological protection 

There are other protective ensemble designations that have not found general use/applicability, or 
have limited suitability for a wet decontamination role, but are intended for biological protection 
(NFPA 1999 [73] for emergency medical responders) or particulate incidents likely using a dry 
decontamination approach (NFPA 1994 Class 4, Z1610 C4). 

For ISO class protective suits, Type 5 is designed to provide protection to the full body against 
airborne solid particulates (ISO 13982-1 [70]). A dry decontamination approach would also likely 
be used, as they are not required to protect against bulk liquid or liquid spray. Additional 
technical information would be required on the material of the suit and the decontaminant, before 
using a wet decontamination approach.  

4.2.3 Garments for radiological protection 

PPE is primarily specified in order to prevent direct contact of the wearer with contamination. 
ISO provides a standard for the characteristics of clothing to protect the wearer against 
radioactive contamination brought about by contact with liquid or solid substances or by 
atmospheric pollutants, such as solid particles, mist, gases or vapours [72]. The International 
Standard considers two types of clothing: firstly, ventilated-pressurized garments; secondly, 
unventilated-unpressurized garments. 

 Ventilated pressurized garments: Class I through IV offer protection in the order highest to 
lowest respectively with Class IV not suitable for gas/aerosol protection at high levels. 
Higher end systems are probably tethered and all are cumbersome due to the pressurized air 
supply. 

 Unventilated unpressurized garments (either air impermeable or air permeable): All are 
lighter and less cumbersome than ventilated systems. 

The ISO standard provides a table for guidance in choosing a selected style of clothing, which is 
reproduced in Table 5. 
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Table 5: Guidance for choosing protective clothing against radiological agents, where  means 
the type of garment is suitable (adapted from Table 2 in [72]).  

Suit 

Pollutants 

Gas2 

Surface contamination1 Aerosols Solid Liquid 
Contamination area Concentration3 

limited large Wide- 
spread Local Wide- 

spread Weak High Very 
high 

U
n-

ve
nt

ila
te

d 
un

pr
es

su
ri

ze
d Permeable 

fabric or non-
woven material 

 (RP)4  (RP)  (RP)    (RP)    

Impermeable  (RP)  (RP)  (RP)  (RP)  (RP)  (RP)  (RP)   

V
en

til
at

ed
 

an
d 

pr
es

su
ri

ze
d 

Class 

IV          
III          
II          
I          

1) Surface contamination can give rise to airborne contamination by resuspension. 
2) Where tritium is involved, there is a permeability risk through the fabric of the clothing. 
3) Concentration levels shall be in accordance with those published by the International Commission on Radiological Protection (ICRP) or by national 
regulatory bodies. 
4) (RP): the choice of respiratory protection (RP) depends on the specific conditions. 

4.2.4 Gloves and boots 

On top of general protection requirements, resistance of gloves and boots to degradation of 
protection by decontamination solutions and procedures is required for responders working in 
decontamination roles. The majority of gloves and boots manufactured for CBRN use are 
constructed from rubber that has been shown to provide chemical permeation resistance against a 
large number of compounds, including CWAs. B and R agents will be intrinsically unable to 
penetrate through such materials. Such gloves and boots are particularly suitable for qualification 
under the C1, C2, and CM configurations of Z1610.  

Disposable (single-use) gloves can often aid decontamination processes when worn over or under 
other gloves, by providing an additional layer that can be replaced, yielding extra durability when 
multiple gloving, or prevent casual contact by the wearer being decontaminated with 
contaminated surfaces after CBRN gloves have been removed. 

4.2.5 Garment design as it relates to protection and decontaminability 

Some general comments on protection are offered first. 

In general, any garment design that depends on an air- or agent-impermeable material to provide 
vapour and aerosol protection (e.g., EPA classes, NFPA classes, single use coveralls) is 
completely dependent on the total integrity of the system to achieve adequate performance 
(i.e., when material or closure fails, the entire system loses the majority of its protection against 
airborne hazards or liquids either locally or over the entire garment).  
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Similarly overpressure-based systems (e.g., Level A/NFPA 1991/C1S) depend on the 
functionality of the air supply to reduce ingress of airborne hazards. This is not true for active 
carbon DPE, often chosen because of their greatly reduced thermal burden, where chemical agent 
vapour protection in particular is quite robust as the material also protects from within, but its 
air-permeable nature means that certain types of vapours and aerosols can penetrate at sufficiently 
high wind speeds, or liquids at high pressures, although air permeable garments can be 
surprisingly effective at reducing aerosol ingress by filtration through materials.  

Under certain conditions, a PAPR can be worn with a nearly encapsulating garment and may 
provide dermal and respiratory protection potentially close to Level A; such a system would have 
the protection advantages of a level A system combined with the usability advantages of a PAPR 
in place of an SCBA, with a few limitations. This concept has been more widely accepted in 
Europe than in North America but could have particular application to CBRN decontamination if 
properly designed and qualified. One such system, not specifically intended for general CBRN 
use, meets EN 14605 type 3 “liquid tight” ensemble requirements [74], EN 14126 protection 
against infective agents [75], and EN 1149-5 antistatic requirements [76], along with the inward 
leakage requirement of EN 943-1 for ventilated suits [77]; it can be seen from this compilation of 
performance standards that a single standard addressing this type of ensemble, and with the 
intention of providing adequate CBRN protection, could provide benefits for this application. 

Garments that are designed to be “splash-proof” do not have closures that are impervious to liquid 
and in fact many such systems are easily penetrated by liquid running down arms or legs; hence 
most organisations use taping, but this approach introduces its own problems. Taping imposes 
additional physiological stress to the responder and causes an increased operational burden. 
Furthermore, taping can produce stresses on the system that result in poorer performance overall 
[1]. For example, respiratory protection can be significantly compromised from the tape tugging 
on the respirator while performing head and body motions. Also, the durability of the suit can 
degrade to a point where protection may suffer; in particular, during the doffing process where 
removal of the tape could cause the material of the suit to tear, potentially causing exposure to 
hazards during decontamination. Garment items that have demonstrated effectiveness without 
taping should therefore be selected if available. If taping is felt to be essential, the effect of taping 
on the performance of the ensemble as a whole should be evaluated, including performance in use 
(particularly the respirator) and during doffing/decontamination. 

Traditional garments as described above are almost always overgarments or stand-alone systems. 
However undergarments can be designed from protective materials that allow coveralls to provide 
additional aspects of protection performance. One such system has been show to meet NFPA 
Class 3 requirements, and various active carbon undergarments are available. When worn next to 
skin, greatly enhanced protection is often provided as a result of restricted air movement; 
additional liquid protection when required can be provided by a separate overlayer. 

No manufacturer recommends re-use after contamination. Nevertheless as previously mentioned, 
there is concern that in a large event there could be shortages of PPE.  

With regards to decontaminability with the intent to reuse, systems constructed of highly 
impermeable materials are best, one example being NFPA 1991 suits. At the other end of the 
spectrum, single-use garments and active carbon garments are least likely to be re-usable, because 
of their inability to withstand decontamination processes or decontaminants and continue to 
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provide appropriate protection. At any point in the process, cutting out from suits can be 
performed if it is felt that this will minimize the possibility of cross-contamination [41]; 
obviously such a procedure would prevent re-use. Removal of tape during doffing could also 
cause damage. Hence more durable polymer materials would be recommended when re-use is 
considered. (Some organisations also prefer not to use sharp objects for cutting for fear of 
unintentional damage to anyone or anything involved in the process.) 

Some organisations have considered wearing double layers of protective items so that the exterior 
layer can be discarded and replaced if contaminated (e.g., double-gloving, disposable coverall 
over more expensive suit system); these approaches come with their own disadvantages to the 
wearer and the organisation in terms of operational burden. 

4.3 General requirements and considerations 

The most important characteristics for PPE to be worn for a decontamination role (technical 
decontamination personnel) or for its suitability to be decontaminated (general wearer) are 
discussed below. Some of these requirements overlap e.g., the suitability for a particular 
decontamination method may be achieved by appropriate protective design. For the general 
wearer there may be additional requirements not mentioned that depend on the wearer’s role in 
the response. 

4.3.1 Suitability for use at the work rate of the wearer  

Z1610 addresses work rate and thermal burden to the responder explicitly. The anticipated work 
rate is heavy for most responders performing mass decontamination or technical decontamination 
(Table 6), that could occur in Phases 1 and 2 of an event, meaning (as noted in the table) 
metabolic rates 400–600 W.m-2, and breathing rate 62–150 L.min-1 with a peak flow 3.6–7.6 L.s-1. 
Decontamination in hospitals is anticipated to be at a moderate work rate (165–290 W.m-2 and 
accordingly lower breathing rates and peak flows), as it is expected that primary decontamination 
if required will have been performed off-site and contamination levels and associated 
decontamination procedures are accordingly less demanding. These values should be taken into 
consideration where standards provide relevant guidance on expected burden provided by PPE. 
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Table 6: Responder roles and activities related to their zone and timing in Phases 1 and 2 [1]; 
reproduced with permission. 

 

Z1610 Section C.6 recommends explicit thermal burden assessments by the employer for all 
ensembles, and addresses material evaporative resistance characteristics that may affect thermal 
burden in Section C.6 and Annex G. Ramesh and Kumar [78] make the point that monitoring of 
the time spent in PPE is important, and suggest a procedure whereby the time donned is written 
on the suit so that safety personnel can better monitor heat stress.  

4.3.2 Functionality and durability relevant to the use 

For technical decontamination personnel, these requirements are not as onerous as for some users. 
However as noted by Monteith [5], physical (extra weight and heat, breathing resistance, 
discomfort), psychological (claustrophobia and stress), communication (speaking, sight, hearing) 
and dexterity hindrances may reduce the level of care taken by the wearer. Special applications 
may impose specific considerations, for example decontamination of infants may require 
particular tactility to avoid harm [79]. Effective communication for technicians in the 
decontamination line is very important [5][17][80], both with the public and each other, 
particularly taking into consideration populations such as children, the elderly and those that do 
not speak the same language; responders must come up with alternate methods to communicate 
when they can’t be heard or seen, and select the best systems to permit communication, for 
example systems that permit voice amplifiers, or having clear full face visors.  
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4.3.3 Extreme climate 

Decontamination must be conducted, usually outside, regardless of outdoor air temperatures. 
Thermal management is important in either extreme of temperature; in warm conditions, heat 
build-up in impermeable PPE can be rapid. NFPA 472 [15] outlines the styles of cooling 
garments that can be considered: air cooled, ice cooled, water (liquid) cooled, and phase change 
cooling technology. All of these cooling systems impose additional physical and logistic burden, 
and may affect the fit and functionality of the rest of the PPE (while improving the functionality 
of the wearer). 

Hypothermia, although a genuine threat to inadequately protected individuals in some outdoor 
exposure situations, is not a significant risk for most people undergoing decontamination in cold 
weather; however for the responder performing extended decontamination roles, hypothermia 
may be a real possibility, depending on the amount of thermal insulation provided by their 
clothing and how wet their ensemble becomes during the decontamination. Lake et al. [18] also 
give useful information on frostbite-generating conditions that have pertinence to the 
decontamination activity in general. 

4.3.4 Gas/vapour, aerosol, and liquid protection 

The ensemble must be selected to provide appropriate levels of protection against CWA, BWA 
and radiological agents in gas, vapour, aerosol and liquid form, as well as decontamination sprays 
as fine mists or bulk liquid, and bodily fluids.  

Various standards are available to measure relevant protection performance; a review of available 
standards and test methods is given in [81]. Characteristics appropriate for wet decontamination 
include liquid-proofness / splash protection, and resistance to decontaminant. Those appropriate 
for dry decontamination include the ability to be vacuumed or wiped and resistance to aerosol 
penetration. Suitability for safe doffing is conferred by closure and overall design that permits 
removal of the system components without skin contact with outer (contaminated) surfaces. One 
example of a generally adopted set of decontamination processes for responders wearing PPE in 
Canada, using the decontamination line described in Section 3.1.3, is discussed as follows. 

Active carbon suit systems have been commonly worn by responders and the military in Canada 
because of their lower physiological burden due to their potentially high air permeability. Such 
systems are described generally in Z1610 [1] in Section D.2.4.2 and if recognized, would be of 
type CMS (if worn with self-contained air) or CMvP (if worn with an air-purifying respirator) 
(Z1610 [1] Section 5.7.7). 

Their air permeable nature imposes certain decontamination processes, with a corresponding 
decontamination line layout illustrated in the centre right of Figure 5 shown earlier. A typical 
decontamination procedure that has been in place for a least a decade in Canada as taught at 
various national training courses, for decontamination of a responder wearing a two piece active 
carbon suit (hooded jacket and pants with suspenders), air-purifying respirator, rubber gloves 
with liners, and rubber overboots, with all closures taped, is given in Annex A, along with some 
different approaches as implemented by two different responder organizations.  
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4.3.5 Protection against other hazards 

Ensembles may also be required to protect against other hazards, depending on the wearer’s role 
in an all-hazard response.  

For example, protection from flame/flash may be a primary or secondary requirement. For 
firefighters that could be expected to have a role in CBRN response, the Z1610 CF configuration 
corresponding to an NFPA 1971 ensemble [82] is recommended.  

Some organisations, such as some police emergency response teams, may have the responsibility 
for clandestine laboratory response as well as CBRN response. A proposed Canadian national 
standard CSA/CGSB Z1640 Personal Protective Equipment for Investigating and Dismantling 
Clandestine Drug Laboratories is under development that will provide guidance for PPE 
selection related to that of Z1610. If PPE is to serve a dual purpose, chemical protection against a 
specific additional set of chemical hazards, as well as flash fire resistance, are important criteria 
for selection over and above those for a CBRN terrorism response. Depending on the 
manufacturing method, solvents, bases (sodium hydroxide), acids (hydrochloric and sulfuric), 
anhydrous ammonia, iodine, lithium, and, rarely, even lead and mercury may be found in 
clandestine methamphetamine laboratories [83]. Fentanyl produced in illicit laboratories is also of 
concern as skin absorption is possible of the various fentanyl analogues. 

Emergency response teams in general may also expect to have to engage where various hazards to 
PPE integrity could occur as a result of assault by a perpetrator, so particular durability 
considerations may result. 

4.4 Current first responder selection guidance 

Many response guidance documents are fairly high level and hence are relatively vague on the 
selection of PPE, giving general guidance such as to wear appropriate PPE [84]. The discussion 
that follows3 reviews the state of the art of current approaches to PPE selection as it relates to 
decontamination. Although at a high level many of the approaches may be sound, this review is 
not intended as a science-based recommendation of appropriate practices, as in many cases the 
degree of validation of the practices is unclear. 

The first responding personnel to arrive on-scene of a HazMat/CBRN incident will likely be 
trained to an awareness level as defined by NFPA 472 [15]; such personnel must be competent to 
evaluate the scene, secure the scene, identify the presence of hazardous materials, and initiate 
protective and notification processes. They will in all likelihood have only minimal protective 
clothing, and their capability to support a response and decontamination role could be limited 
depending on the nature of the hazard. Nevertheless, there is a general consensus that “emergency 
decontamination is considered essential first-aid and should occur without delay… The 
implication then is that awareness-level personnel should initiate protective procedures, including 
decontamination procedures, for contaminated casualties at the scene.” [5] As a result of the 
limitations in protective clothing available for the early arriving personnel, emergency 
decontamination of victims should preferably be a procedure that is performed with the responder 

                                                      
3 In this section for first responders, and Section 4.5 for first receivers. 
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assisting at a distance, for example using self-decontamination procedures [17], or emergency 
spray systems [18].  

Specialists who are called to the scene to perform emergency or technical decontamination should 
arrive with appropriate PPE selected for the event and the role. In the US, general high-level 
OSHA PPE selection recommendations drive towards Level B or Level C ensembles depending 
on the knowledge of the hazard [65], which must be reinterpreted in terms of other (e.g., NIOSH 
and NFPA CBRN item/ensemble) performance requirements appropriate for the application. 
Early US military guidance [85] recommends Level C (impermeable) garments rather than active 
carbon type systems for the decontamination role but also provides a discussion of the 
applicability of different styles of decontamination depending on the type of PPE. 

Some responder organizations suggested they would follow a rule of thumb that would have the 
decontamination team (and presumably other warm zone personnel) wear one EPA level down 
from those responders that entered the hot zone of the event; for example if those in the hot zone 
wore level A, the decontamination technicians would wear level B. This approach obviously does 
not include a systematic analysis of requirements or performance specifications particularly with 
regards to modern standards.  

Z1610 does not address decontamination explicitly when considering PPE selection. It does 
discuss responder roles and activities (Table 6) and notes the expected work rates for conducting 
decontamination, and phases in which such activities will occur. Recognized equipment qualified 
against the standard currently does not exist but again similar equipment can be selected using 
other standards. Based on the requirements for the configurations, the following 
recommendations (Table 7) can be drawn consistent with the general requirements and 
considerations above. However, proper guidance would require discussion of the compatibility of 
the configuration with appropriate decontaminants/decontamination procedures, and its suitability 
for use longer than the 1 hour that Z1610 has chosen as the anticipated duration of use for the 
evaluation of configuration performance. Different performance characteristics might in fact be 
required compared with those of the existing Z1610 list of recognised configurations.  

Table 7: Recognized Z1610 PPE configurations that may be suitable for decontamination technicians 
in the warm zone where liquid- or spray-based decontamination procedures may be used. 

 
 

PPE Class 

Hazard 
Suspicious 

powder 
Radiological 

hazard 
Biological 

agent 
Phase 2 chemical-some 
knowledge of hazard 

but limited 
quantification 

Chemical 
hazard-fully 

characterized 

C1S or C1s Y Y Y Y Y 
C2S Y Y Y Y Y 

C2VP Y Y Y Y Y 
C2vP Y Y Y Y Y 

C2 PAPR-VP Y Y Y Y Y 
C2 PAPR-vP Y Y Y Y Y 

CFS Y Y Y Y Y 
CMS Y Y Y N N 
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PPE Class 

Hazard 
Suspicious 

powder 
Radiological 

hazard 
Biological 

agent 
Phase 2 chemical-some 
knowledge of hazard 

but limited 
quantification 

Chemical 
hazard-fully 

characterized 

CMVP Y Y Y N N 
CMvP Y Y Y N N 

CM PAPR-VP Y Y Y N N 
CM PAPR-vP Y Y Y N N 

C4S or C4s Y Y Y N N 
C4P Y Y Y N N 

C4 PAPR-P Y Y Y N N 

Y = Yes; this protective equipment may be suitable. 
N = No; this protective equipment does not usually meet splash requirements, and thus is not suitable for 
liquid-based decontamination or where high amounts of liquid or spray/liquid aerosol might be 
encountered. 

4.5 Current first receiver selection guidance 

In the hospital, victims to be decontaminated and staff are treated similarly. Removal of clothing 
coupled with tepid water and mild soap (“strip and shower”) is recommended as the starting 
point, and may be accompanied by dry, foam or cream decontaminant [51]. 

OSHA best practices for first receivers allows for powered air-purifying respirator (PAPR) use in 
the hospital decontamination zone4 as follows [86]: 

 PAPR that provides a protection factor of 1,000 (NIOSH-approved);  

 combination 99.97% high-efficiency particulate air/organic vapor/acid gas respirator 
cartridges (NIOSH-approved); 

 double layer protective gloves;  

 chemical resistant suit; 

 head covering and eye/face protection (if not part of the respirator); 

 chemical-protective boots; 

 suit openings sealed with tape. 

This selection corresponds roughly to the Z1610 C2PAPR-vP configuration of Table 7, where the 
vP-PAPR should be NIOSH CBRN approved [61] meaning broader spectrum protection against 
possible terrorism agents. 

  

                                                      
4 Anywhere exposure to contaminated victims, their belongings, equipment, or waste may occur; before any 
treatment or admitting area of the hospital. 
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One publication specifically recommends the following [20]: 

 disposable chemical protective clothing with build-in hood and booties, hood taped at the 
neck; 

 respiratory protection as appropriate and protective eyewear if not included in respirator; 

 polyvinyl chloride gloves taped to sleeves, or multiple layers of disposable gloves, with the 
bottom layer taped (changed when torn); 

 scrub suit or other work wear and plastic shoe covers, worn inside the above. 

Based upon the findings of Georgopoulos et al. [87], level C PPE (chemical protective suits, inner 
and outer gloves, and PAPRs) will protect healthcare workers under the following defined 
conditions and assumptions: 

 the hospital itself was not the target of the terrorist attack and personnel are performing 
patient decontamination away from the site of the release; 

 there is a 10 minute lag time between the time the patient was in the release zone to when 
they are being treated; 

 a site layout that contains a receiving area before the hospital, that focuses on rapid 
disrobing and decontamination, and local storage of bagged source material; 

 fans for air movement across disrobing/holding areas and in decontamination tents. 

Other documents agree with this selection but based on case studies and not analysis of worst 
case scenarios [88]. This type of PPE has also specifically been recommended for Ebola [21], and 
planning, training and the use of a buddy system and observers are emphasized to prevent 
improper use and minimization of cross-contamination during doffing/decontamination 
(including on-line training videos).  

The Health Protection Agency (United Kingdom) offers the following guidance for PPE selection 
for first receivers in a CBRN event (Figure 7). 
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Figure 7: UK Health Protection Agency guidance for PPE selection, adapted from [89].  
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British Columbia’s guidance [90] comments as follows: “This approach assumes that patients 
may be contaminated with the most hazardous agents, thus simplifying the selection of 
decontamination equipment, PPE, and respiratory protection” and their recommendation is for 
Level C PPE. 

Australasian guidance for PPE selection for the emergency department following an off-site 
CBRN event is as follows [91]: “The initial receiving ED staff will be adequately protected from 
all known chemical biological and radiological inhalational threats by wearing a properly fitted 
P2 (N95) mask, or its equivalent. Protection from serious contact injury is offered by wearing 
double gloves, disposable fluid-repellent coveralls or gown, eye protection, surgical mask, and 
ideally, a cap and shoe covers; in conjunction with universal precautions and procedures.” This 
guidance contradicts the OSHA recommendations that would require some chemical vapour 
protection to the respiratory tract (not provided by a N95 mask or a surgical mask). 

For first responders and receivers respectively, NFPA 472 [15] and 473 [16] outline the contents 
comprehensive training that should be provided to those who select PPE and perform 
decontamination; the limitation of the training guidance is that there is no real validation that the 
training provided will in fact correctly lead to the best selection and use, although it does require 
a thorough knowledge of the performance basics of PPE and decontamination procedures; rather 
it is intended to reinforce current guidance from the authority having jurisdiction. 

4.6 Training and logistics 

As noted by the Centers for Disease Control [21], and equally transferable to all 
responders/receivers, “the following elements are essential for PPE training:  

 How to safely don, adjust, use, and doff the specific PPE that the healthcare worker will use; 

 How to safely conduct routine clinical care; 

 Limitations of the PPE (e.g., duration of use, degree of protection); 

 What to do in the case of an equipment failure or detection of a breach in PPE; 

 How to maintain PPE and appropriately dispose of it after use; and 

 The possible physiologic strain associated with using PPE, and how to recognize and report 
early signs and symptoms, such as fatigue. 

Training must be interactive and should allow frontline healthcare workers to practice donning, 
adjusting, using, and doffing the specific PPE that the employee will use. 

 Hospitals should ensure that the trained employees understand the content of the training 
and can correctly perform the required tasks. 

 Hospitals should also ensure that employees can demonstrate how to properly don, use, and 
doff the same type/model PPE and respirators that they will use when caring for a patient. 

 Regular refresher trainings are essential to maintaining these skills.” 
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Equipment that is only used by specialized decontamination teams must be stored appropriately, 
have shelf-lives monitored, and be regularly inspected for degradation. An evergreening plan5 
must be in place to provide for replacements. 

Most organisations rehearse/train about 2 to 3 times a year to include decontamination protocols. 
Training PPE may consist of either past-shelf life, or out of service (obsolete), PPE. Some will 
include the use of simulated agents to monitor the efficacy of doffing and/or decontamination 
procedures. Generally no quantitative measurements are performed. If cutting is required as part 
of the procedure, it is often not performed in order to reduce cost/minimize requirement to 
purchase new training PPE. Waste disposal is not usually rehearsed. One responder organisation 
noted that contaminated PPE would be packed in agent-proof drums, warmed up, and the air at 
the top of the drum tested for residual contamination prior to re-use or disposal. 

                                                      
5 Evergreening in this context means, at a minimum, no equipment should be past its expiration date or 
unserviceable, and preferably, plans should be in place to update equipment to meet changing standards or 
if the context of use changes. 
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5 Issues of concern and recommendations 

5.1 High level issues and priorities 

The following priorities that have some relationship to appropriate PPE use and selection were 
identified as needs by the first responder community at the first responder’s workshop in 2012, 
closely matching those obtained at the scientific workshop in the same year. In general, 
guidelines, standards, and methodological validation were high priorities. 

1. Comprehensive guidelines for performing personal and mass decontamination, by type of 
hazard. 

2. Survey of methods for remediation/decontamination of objects and structures, and knowledge 
gaps. 

3. Assessment of technical capability to implement measurement to standards to achieve safe 
levels (e.g., detectors and sampling procedures); including indicators to help determine 
whether contamination has been reduced to a level where additional decontamination is not 
necessary [2]. 

4. Validation of methods for remediation-level decontamination. 

5. Validation of methods for immediate decontamination. 

6. Validation of capabilities for remediation decontamination particularly in industry (standards 
and accreditation processes). 

7. Operationalization of laboratory proven techniques. 

The sections that follow discuss various issues and gaps that have been identified, with proposed 
recommendations to address them. 

5.2 Logistics 

This is an area where the largest number of gaps is found. There are realistic concerns about the 
availability of spares and appropriate life cycle management such that replacements are available 
upon expiration. It was found during the World Trade Center and anthrax responses in the 
US [92] that equipment ran out quite early in the response and numerous approaches had to be 
taken to deal with the problem. The following points were made: 

 “Because of the problems of obtaining and decontaminating gear … they shifted to wearing 
full SCBA inside a disposable TyvekTM suit, since the outer layer could be discarded…” 

 “Decontamination efforts … were haphazard and not very effective. Practical concerns got 
in the way of effective decontamination. Workers … who had only a single set of protective 
clothing did not want the clothes wetted (any more) during decontamination, fearing that 
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this would further reduce their comfort and mobility… [Decontamination] takes the 
ensemble away from the employee…” 

 “Reusable hazmat gear was subject to high rates of wear and tear as suits were constantly 
put in service, decontaminated, and packed up again … certain types of boots began 
cracking over time …” 

Questions regarding the capability for re-use after decontamination, and the availability of spares 
persist [3]. 

There are significant concerns that even if some equipment were still available, that the issuing of 
correct sizes would become less rigorous as time went on and stock started to thin out, meaning 
that protection may be significantly degraded. Availability of information on correct sizing, as 
well as the required PPE itself, may not be easily available at the site of the response. Where PPE 
is pre-positioned in response vehicles, only those sizes expected for use by specific or limited 
numbers of responders will be available.  

Decontamination technicians may run through equipment faster than other response personnel 
will, since they would be continually exposed to decontamination solutions; guidance for when 
the service life in use of the equipment has been exceeded is generally non-existent. 

Guidance documents supported by appropriate studies of equipment life cycle and modeling of 
supply and logistics would be key in this area. 

5.3 Acceptability of residual contamination 

This issue is often not dealt with until an emergency arises, and is a driver for both the selection 
of PPE and the shower-out procedures. There is no standardised guidance for the acceptable level 
of residual contamination on skin or on PPE (or of course on any form of infrastructure). The 
absence of infrastructure guidance is difficult but decisions about re-occupation vs. destruction 
are usually made in slow time in general so that discussion can be had around risks and benefits. 
The decision about whether to declare an individual sufficiently free of contamination, or to 
re-use an item of PPE in an emergency situation, will need to be made much more quickly. 
Responders may expect to take a break while wearing their PPE at least partially opened, and the 
exposure implications of this are not well understood. 

In order to guide organisations in this decision-making process, all of the applicable exposure 
guidelines or hazard estimates and associated methods by which they can be assessed must be 
compiled into a single location [3]. Where values do not exist in legislation or guidance 
documents, such as for biological agents, efforts will need to be made to formalize values that are 
greater than zero to permit a reasonable risk assessment process. Although it will not be a surprise 
to them in general, responder organisations may need to be familiarised with the fact that 
acceptable risk levels for residual contamination in emergency situations may be different than 
those for routine workplace exposure. One of the challenges in using many of the existing 
exposure/dose limits is that they are written in units that are difficult to work with; therefore 
guidance must further translate these into a measurable parameter on the spot.  
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One of the implications of residual hazard is that in the case of persistent particulates, the major 
route of dissipation from surfaces such as skin is spread to the surrounding environment. Some 
studies have been performed on the movement of skin contamination from individuals over time 
to their environment (e.g., [93] for radiation), but this information needs to be translated into a 
form that can be used to aid decision-making. 

In summary: “There is need to harmonize cleanliness-related terminology … and adopt objective 
criteria for determining what is ‘clean’”. [12] 

5.4 Training and rehearsal of procedures 

5.4.1 Validation of procedures 

Most organisations rely on methods that have been derived from other organizations or the 
literature, and have no in-house validation of their procedures. Some organisations perform 
quality assurance / training to minimize contamination transfer during doffing. However, few 
organisations have analyzed the required decontamination efficacy for more hazardous agents and 
demonstrated that it is achievable. Some organisations plan to use detectors for monitoring the 
efficacy of their decontamination process, but application is sparse and not always possible 
depending on the conditions and type of agent.  

Rapid decontamination of non-ambulatory responder casualties is required and the efficacy of 
these procedures for this scenario is unknown. Transition to the hospital may be a challenge when 
decontamination efficacy is unknown.  

Overall assumptions and constraints of the validation method. For validation of 
doffing/decontamination procedures, it must first be assumed that the wearer has been adequately 
protected during exposure to the agent, and that as a result, a safe doffing procedure would be one 
that would result in minimal additional skin exposure from the agent that was located outside the 
protective layers of the ensemble.  

While skin decontamination / showering procedures can be assumed to reduce hazard by a 
significant factor overall, these procedures are not reliable at removing agent and therefore the 
contribution of these procedures to reducing skin contamination is not considered in the first case. 
Hence the level of skin contamination immediately after doffing should be initially examined as 
the pertinent parameter. 

The most conservative approach in evaluating the efficacy of doffing procedures in minimizing 
cross-contamination is to use very high levels of surface contamination on the exterior of the 
PPE, and to require that the doffing process prevent any significant added contamination above 
permissible levels from reaching the skin. The high exterior contamination will ensure that 
decontamination procedures can be used to treat contamination on any area of the suit. 
Additionally, it will ensure that decontamination personnel will come into contact with simulant 
if any part of the PPE is contacted during doffing, and procedures must be capable of preventing 
the further spread of this contamination. 
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The methodology will typically not immediately distinguish between contamination transfer to 
skin during doffing, which is the desired parameter under investigation, and contamination 
occurring during the initial activity period prior to starting decontamination and doffing, i.e., 
through clothing layers or closures as a result of poor PPE performance. Therefore the 
methodology can be applied as described only if the PPE has been correctly selected to prevent 
any significant simulant penetration prior to doffing. Otherwise additional validation in order to 
understand the level of protection provided may be required. 

Although as already discussed, there are no completely authoritative guidance / regulatory 
documents available, residual permissible chemical warfare and radiological agent levels on skin 
can be estimated as appropriate to the scenario, regulatory jurisdiction, and user group. 

Simulant Characteristics. The following simulant characteristics are desirable: 

 For the purposes of human exposure, an acceptably safe and non-toxic hazard agent 
simulant must be used.  

 A worst-case simulant should be easily transferrable, difficult for decontamination personnel 
to detect or consciously avoid, but relatively easy for scientific staff to monitor.  

 An easily transferable simulant allows the quick spread of contamination upon 
contact between layers of clothing on the wearer and from wearer to technician.  

 A simulant that is hard to detect by the wearers and the decontamination technicians 
is desirable as it reduces the likelihood of an outcome biased by being able to 
unrealistically observe the presence of the contamination during doffing.  

 A simulant that is easily detectable by scientific staff using specialized tools with the 
required sensitivity and specificity allows for relatively quick and accurate 
monitoring during the trials.  

 The simulant should behave like the hazard agent and thus it is important to assess different 
hazard agent types separately. 

 The different types of contamination encountered in a CBRN event e.g., powder, 
liquid will behave differently during the decontamination process.  

In summary, the simulated contaminant needs to be detectable on skin at levels below those that 
cause effects, and have similar physical characteristics so that its transfer to skin during doffing 
(by contact or reaerosolisation) would be somewhat realistic. 

One example of a validation procedure developed at RMCC using the principles described here is 
outlined in Annex B. While effective, such an approach can be resource intensive, and this leads 
to the conclusion that validation of procedures should be performed at a relatively generic level to 
provide better guidance to response organizations, rather than asking each organization to 
perform such validation individually. Example typical PPE designs and decontamination 
procedures should be investigated so that potential issues are identified and realistic best practices 
developed. 
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5.4.2 Training and rehearsal 

Response organisations rarely practice the long duration use that could be necessary in a large 
event, particularly in extreme climate, nor are all aspects of the event rehearsed, particularly 
where there is a logistical or cost impact. For example, containment of waste can present a 
problem depending on the size of the event, and waste disposal is not usually rehearsed. 
Rehearsal and training issues to do with extreme climate events are discussed in more detail in the 
following section. 

In a very large-scale emergency, untrained personnel may be recruited for the decontamination 
line, meaning little PPE training, and limited fitting/sizing of PPE will occur prior to use.  

More frequent training and rehearsal of procedures at every stage of the event is required in 
general, including events that will stretch resources. 

5.5 Extreme climate events, physiological status and 
monitoring 

Z1610 recommends thermal burden studies for hot weather, but few have been performed for 
modern protective systems. Guidance for cold or hot weather PPE use is sparse.  

The following shortcomings in knowledge were recognized in the 2014 responder training 
activity.  

Although extreme temperatures (both cold and hot) routinely occur in Canada, rehearsal of 
decontamination procedures for such conditions is unusual or nonexistent. There is also a 
perception that PPE will be functional under extreme weather conditions; however little to no 
testing or validation has actually been performed. 

Heat exhaustion and dexterity of the decontamination team and the wearers being doffed can be a 
problem in extreme temperatures (both cold and hot). Wearers being doffed, and decontamination 
teams transitioning, in both cold and hot environments all have issues with excessive sweating. 
Temperature controlling systems for decontaminating are needed in extreme weather, and not all 
organisations have this capability. 

Some of the participants recommended different approaches and procedures for working the 
decontamination line in cold weather; most of these suggestions result in additional logistic or 
performance issues that would need to be addressed. A smaller decontamination zone could be 
established and vehicles could be used to transport workers between response zones, such that 
workers do not have to walk as far in the cold. Heated decontamination tents could be used to not 
only increase user comfort (for both the workers and the ones being decontaminated), but to 
ensure that the decontamination solution will not freeze or react too slowly to be effective. 
Warming mats could also be used to keep the decontamination solutions from freezing. Reduced 
shift times could be implemented, or workers could alternate rotations, warming up in a heated 
shelter when the others are working the decontamination line. Alternative solutions may need to 
be considered if it is too windy or not enough space to assemble a heated tent or shelter.  
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The procedures for decontaminating PPE could be shortened such that only the areas that would 
allow the responder to doff the suit would be cleaned (such as the wrist closures, zippers and the 
hood-mask interface). In cold weather, larger size suits could be distributed and worn by the 
decontamination team, and would allow for additional layers of clothing to be worn underneath 
the PPE. However, this procedure would only be feasible if suits of different sizes are readily 
available to the decontamination team at the time of the event; this is likely feasible with single 
use coveralls (e.g., Tyvek® coveralls), but not with the more protective styles (e.g., NFPA 1994 
Class 2 protective ensembles [68]) where users would need to be sized previous to the event.  

Participants discussed the use of additional equipment and clothing in cold weather environments. 
To reduce the slip hazard on icy/snowy footing, disposable spikes could be worn on the worker’s 
boots. A mixture of gravel and salt may need to be distributed on the tarp floor of the 
decontamination tent, as it may get icy from workers tracking in decontamination solution. Along 
with other decontamination waste, disposal of the gravel and salt mixture would need to be 
considered. As battery devices are less effective in cold temperatures, methods to keeping the 
batteries warm beforehand, and the electronic device insulated or protected directly from the cold, 
should be considered. 

The practical efficacy of various cooling systems or approaches for use by technicians in PPE on 
the decontamination line has not been demonstrated; a systematic study of efficacy/improvement 
in operational efficiency needs to be demonstrated. For example, wetting of the outside of suits 
has been recommended to provide additional cooling in hot weather, but there are no validated 
procedures that describe the effectiveness or impact on operations. Many organisations have 
considered the use of phase change cooling vests worn beneath the suit, but these have a very 
limited duration of cooling. Other cooling systems that involve circulation of cooling fluid in a 
next-to-skin garment require that the PPE be penetrated by the circulating tubing, so that the 
external pump or power source can be re-powered or replenished with cooling fluid; few systems 
are currently designed to permit such cooling to be implemented through the suit and next 
generation systems that have implemented and validated the operation of the integrated 
PPE/cooling system are needed. Various overpressure air systems provide evaporative cooling of 
the skin surface, but systematic guidance on the effectiveness of this cooling at various work rates 
and temperatures is not available. 

Physiological monitoring of responders such as decontamination technicians who are expected to 
perform at moderate work rates over what may be a very long duty cycle without opening their 
PPE could be particularly important. The relevance and efficacy of real-time physiological status 
monitoring should be studied. 

5.6 Development of a PPE selection flow chart 

One of the difficulties in selecting PPE for decontamination is that the first responder must have a 
good knowledge of the limitations of the various styles and classes of PPE, and how these 
limitations will affect their use in a particular CBRN event. Many first responders will not have 
enough scientific expertise within their organization to ensure they are selecting the appropriate 
PPE for the hazard/event in question, either before or during such an event. To aid in the selection 
process with the intent of supplementing the advice given in Z1610, a user-friendly interactive 
flow chart tool was conceived, with some worked examples based in part on the warm zone 
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hazard (decontamination) PPE criteria of Z1610. The selection flowchart (Figure 8) was 
developed as a “concept of use” and once the contents are fully developed, could eventually be 
tested by first responders for its potential use as a tool for selecting PPE, including for the 
decontamination application. The comments and feedback from first responders would then be 
used to create a final version for operational use as part of supplementary Z1610 material. 

The tool allows the first responder to simply choose “Yes” and “No” answers to questions 
regarding the nature of the event and provides additional technical information to aid in 
answering the questions correctly. The responder continues to answer the questions until the 
program provides an answer for the appropriate PPE to be selected for the event in question. 
Example screenshots of the selection tool as it leads to selection of PPE for a biological hazard 
event are shown below at different stages in the flow chart.  

The tool would eventually incorporate such additional decision parameters as the type of 
decontaminant(s) / decontamination procedure(s) available for use and their applicability to 
different configurations of PPE. 
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Figure 8: Example of the selection flowchart tool in use when selecting PPE for protection 

against a biological hazard in the warm zone based on Z1610 criteria.  
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5.7 Standards and guidance 

There is clear inconsistency amongst organisations about decontamination approaches and 
associated PPE selection for responders and decontamination technicians. Validated guidance 
located in a single document is absent for which decontamination measures are appropriate for 
different types of events, including the type and form of agents and the severity of the hazard, 
from which PPE selection can be derived.  

Existing standards including Z1610 do not address decontamination requirements explicitly. 
Examples of issues that need to be addressed systematically within the standards and by 
overarching guidance documents leading to appropriate PPE selection and use include: 

1. Choice of decontaminant 

 Miscibility with water/agents, reactive hazards, effectiveness under various 
conditions, skin hazards, effect on PPE protectiveness and re-use (for example, for 
selection by decontamination technicians, gloves and boots might require a high 
protectiveness compared with other DPE; air permeable systems may need to meet 
additional specifications to make them suitable for use), suitability to application 
methods/devices. 

2. Decontamination procedures 

 Choice of wet vs misting vs dry decontamination, protection/durability/resistance to 
decontaminants required by PPE, waste management, application form/pressure, 
duration of removal steps, safety to PPE wearers, applicability to specialized 
equipment such as bomb suits. 

3. Effect of environmental conditions on choices 

 Physical form of decontaminant and of agent, effect of temperature or additional soil 
on effectiveness, thermal considerations for technicians and those being 
decontaminated, duration of activities on decontamination line. 

4. Skin decontamination 

 When/where performed, duration, use of surfactants, use of cloths/brushes, use of 
buddy system, water temperature/flow, waste management, skin safety, requirement 
for quantification of residual hazard. 

5. Options for re-use 

 Manufacturer’s guidance. 

6. Mass decontamination vs. technical decontamination 

 Level of hazard and relevant considerations to PPE selection. 

7. Multipurpose/multi-use ensembles 

 Use for more than one type of event (CBRN terrorism vs. other responses). 

 Implications for re-use in a less hazardous response vs. CBRN terrorism. 
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8. Consideration of the potential applicability of DPE such as NFPA 1994 Class 3 [68] and 
NFPA 1992 [69] systems, that were considered unsuitable for broader use in the first editions 
of the standard or other ISO classes [71] that were not considered at all. 

9. Consideration of whether more robust liquid integrity (shower) tests need to be developed 
that evaluate the liquid-proof nature of systems realistically instead of [94] using a static 
mannequin and not necessarily requiring a fully integrated PPE system that includes RPD. 

5.8 Summary of status of the field 

An attempt to qualitatively summarise the status of the field is given in Table 8, where green 
(horizontal hatch) indicates satisfactory levels of knowledge that have been applied to practice, 
orange (cross-hatch) indicates some good information or application is available but also some 
limitations, and red (vertical hatch) indicates a consistently poor level of knowledge in the area. 
The topics of chemical, biological, and radiological event are intended to describe those events as 
they are most commonly rehearsed, namely temperate climatic conditions with known or 
unknown CBRN terrorism hazards. The topic of extreme climate encompasses all of the extra 
issues and uncertainties imposed by extreme hot or cold. Hospital decontamination involves 
health care workers performing decontamination prior to entry into the hospital. The last topic 
covers issues to do with the performance requirements for, and logistics of, re-use or PPE 
designed for more than CBRN response. 

It can be seen that there are numerous areas where work is required. Some (but not all) of the 
gaps in the yellow areas can be improved by more systematic standards and guidance 
development from existing knowledge, or relatively easily performed validation studies, while the 
red areas require more extensive scientific activities and operational validation, some of which 
may be beyond current technologies. The most important areas that would benefit from 
immediate effort would be in enhancing knowledge in the areas of: 

 performance and requirements for extreme temperature including understanding how to 
improve incorporation of cooling and physiological monitoring systems; 

 allowable residual contamination on skin and associated detection during decontamination; 

 concepts for re-use, as well as additional applications of, CBRN PPE (for example for 
clandestine lab response); and 

 transition of all of this information to guidance documents and standards, including 
explicitly identifying how to address areas where logistical challenges can lead to poor 
implementation of what may be initially sound practices. 
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Table 8: Status of knowledge and application to practice for personnel  
decontamination for a CBRN event. 
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6 Conclusions 

This study has identified knowledge gaps and inconsistencies in current personal decontamination 
practices and PPE selection used by responders. A science-based approach to best practices is the 
ultimate goal. Better and more quantitative validation of decontamination procedures, along with 
additional training and evaluation in hot and cold temperature environments, are required to 
ensure effective decontamination practices. Rehearsal of resource-intensive events and 
understanding the logistics of disposal, re-use and proper sizing in such circumstances is also 
vital. As many first responders do not have adequate knowledge or appreciation of the Z1610 
standard, PPE not appropriate for high hazard CBRN events is currently being selected. 
Knowledge gaps that have been identified in understanding the selection and limitations of PPE 
and the appropriateness of decontamination solutions and procedures, in particular for hot and 
cold temperature environments, need to be addressed. Finally, all of this information needs to be 
operationalized into guidance documents and standards for the response community. 
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 Example procedures for doffing and Annex A
decontamination of active carbon suits 

The procedure is written as instruction to the decontamination Technician(s).  

Shuffle pit (overboot decontamination) 

 Contains appropriate decontamination solution (e.g., household bleach). Movement of boots 
in the tray is important to help with the decontamination process. Do not have too much 
Decontamination Solution in the shuffle pit as it can be soaked up by the bottom of the pant 
leg.  

Spray station (glove and suit decontamination) 

 Hand sprayer contains appropriate Decontamination Solution (e.g., household bleach 
diluted 1:10 in water). 

Glove decontamination:  

 Liberal spray of gloves (and rub together) with Decontamination Solution.  

Suit decontamination:  

 Light misting (so as not to overwhelm the activated charcoal liner) of suit. 

Doffing station 

Outer glove removal: 

 Remove tape from outer gloves. Support the responder’s arm when removing the tape.  

 Remove outer gloves by turning inside out to reduce cross contamination. 

 Deposit outer gloves in Kill Bucket (household bleach). 

 Shake off excess solution from Technician’s gloves. 

Glove liner removal: 

 Technician holds inner glove in one hand, and the contaminated sleeve cuff in the other. 
Responder slowly pulls their arm inside the sleeve (leaving the inner glove with the 
Technician and avoiding any contact with the sleeve cuff). 

Hood removal: 

 Responder looks up. 

 Decontamination technician cuts away any closure laces and undoes closures as follows:  

 Hold hood with right hand while opening hood/jacket hook and loop and zipper with left 
hand. Do not flick the hood from the responder’s head as it may throw bleach onto the 
responder. 
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Jacket removal: 

 Ask responder to relax shoulders and hold out arms, then slide jacket off the responder. 

 Arms should not be held so high that the APR risks touching the wearer’s unprotected arms. 

 Remaining CBRN PPE consists of APR, pants and overboots. 

Pants removal: 

 On the assumption that the upper portion of the pants (that was under the jacket) is not 
contaminated, responder can release clips on pants, or slide their arms under the straps. 
Important for them to keep looking up and keeping arms away from the pant legs. 

 Technician undoes fly of pants. 

 Lower pants below the knees, ensuring they are turned inside-out when lowered. 

 Technician uses Kill Bucket for own gloves to deal with any transferred contamination, 
shake off any excess.  

Bench 

Overboot removal: 

 Responder sits down with boots on dirty side of the bench, ensuring the outside of the pants 
do not touch the bench. 

 Responder can use their hands to brace themselves on the bench while the boots are being 
removed. They must still concentrate on keeping their head up during the process. 

 Unfasten boot straps and be careful not to touch the responder’s bare leg with gloves. 

 Grab heel of boot and base of pant leg then remove slowly. Do not pull the responder off the 
bench. If the boot is difficult to remove, cut the back of the boot from the top to the heel 
then peel away from the shoe. 

 Tell the responder to swing each leg to the other side of the bench one at a time, as each 
boot and pant leg is removed. 

 Shoes should remain on responder’s feet if possible; if shoe becomes contaminated, it 
remains on the dirty side of the bench. 

Respirator removal: 

 Responder stands.  

 Respirator is removed by responder, by placing thumbs in the respirator straps (assumption 
is they are clean as under the hood) then pulling the respirator away from the face. 

 Direct the responder to shower-out/ rehabilitation area. 

 All doffed equipment is placed in containers for further decontamination and disposal. 
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The above approach for air permeable suits has been implemented with some modifications, by 
one CBRN/Hazmat response team as follows: 

Any chemical and biological contamination: 

 Household bleach is used on boots and gloves (higher concentration to reduce required 
contact time). 

 One minute contact time for boots; 

 10 second contact time for gloves, with gloves rubbing together in solution. 

 The suit and mask is misted down with a handheld sprayer, using a 1:5 dilution of household 
bleach.  

 The intent of the misting is to hold down aerosols from re-aerosolising and for 
vapour suppression.  

 The focus is on the closures, in order to make the suit safe to remove, rather focusing 
on cleaning the entire suit. 

 Level A style suits may be scrubbed as there is no danger of penetration or closure failure 
during the suit decontamination process.  

Any radiological contamination: 

 A completely “dry” process using wipes; measure and remove philosophy. 

 verbal communication is performed with the responder on where they might have 
made contact with the hazard, to concentrate on area for removal.  

 Remove clothing and then measure underneath.  

 If radiation is measured on the skin (i.e., hot spot), commercially available wet-wipes are 
used to grab and remove the radiological hazard. 

 Workers attempt not to smudge with wet-wipes. 

 The technician keeps dabbing the area until clean, or no more contaminant is being 
removed. 

 If radiation is still observed, then the area is circled with a marker to indicate that it 
is hot. The “hot” area could be wrapped with saran wrap if the person needs to be 
transported to the hospital, so the sweat is being covered to avoid cross-
contamination. 

 The responder is then sent to the showers. 

Another CBRN team indicates it may use a Kill Bucket for boots but all further decontamination 
would be performed using a dry process; no showering is performed after doffing. 
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 Example validation procedure for Annex B
decontamination efficacy 

Based on the simulant requirements discussed in Section 5.4.1, the simulant chosen was a 
fluorescent powder (IP013 Invisible Red, from Applied Response Solutions, TX). Under normal 
lighting, the powder is white when present in large amounts and cannot be easily detected in small 
amounts. Under ultra-violet light, the powder emits a bright red fluorescence and can be easily 
detected, even as a single granule. The red color was also advantageous; as there are very few 
substances that naturally emit red fluorescence, there is little chance of falsely detecting 
contamination, while the red color is easy to detect against commonly occurring blue background 
fluorescence. As measured in the laboratory, it contained significant numbers of particles in the size 
range of 1–3 µm, which is the size of most concern as airborne particulate agent, having a long 
settling time, likely to re-aerosolise, relatively poorly filtered, highly likely to cause effects in the 
lungs, and representative of the size range of some of the most hazardous biological agents, such 
as anthrax spores.  

A liquid simulant was produced using a mixture of the IP013 Invisible Red powder and glycerin. 
This mixture was white under normal lighting and bright red under ultra-violet light. Its viscosity 
was somewhat thicker than that of the various liquid chemical agents of interest (making it 
slightly less likely to drip), while it transferred effectively from surfaces in brief contact. After 
testing, a 9 g per 100 mL mixture of powder in glycerin was deemed to have sufficient brightness 
for liquid trials. 

Both these materials were safe for human exposure at the quantities used and in the presence of 
PPE that blocked most of the material from reaching the personnel involved. The fluorescent 
reagent was demonstrated to be stable to outdoor and UV lighting under the conditions used. 

Trial process. The overall trial process used was as follows: 

1. A trained wearer was assisted in donning a properly sized and fitted ensemble. While wearing 
the full ensemble, the wearer was exposed to either powder or liquid agent simulant on the 
exterior of the ensemble in such a manner as to effectively contaminate the entire outside of 
the ensemble. 

a. The simulant powder could be most effectively applied by smearing it onto the 
exterior of the PPE using a chalk brush which allowed adequate powder to be applied 
without excessive powder aerosolization or waste.  

b. A paint spray gun was used for applying the liquid simulant that had been 
demonstrated to be suitable for the application even at lower ambient temperatures. 

2. The wearer performed a series of relevant/representative activities for about 15 minutes in 
order to further redistribute the applied simulant over the outside of the ensemble. 

3. The wearer moved to the decontamination line, and either proceeded through as an 
ambulatory, or non-ambulatory (downed), responder. 
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4. The doffing/decontamination process, having been developed for the ensemble in pre-trials 
based on judgement and current best practices, was then followed as it would be in the field, 
with minor modifications such as not including bleach in the decontamination spray (as 
chemical action of the decontaminant was not under consideration). 

5. The wearer was monitored for contamination on their inner clothing layers and on their skin 
using long-wave UV light at each stage of the doffing process; monitoring was performed in 
the dark and for safety, UV exposure was kept to a minimum and all personnel wore 
appropriate eye protection. A camera on a tripod with a UV-blocking filter was used to 
document any simulant detected on the inner clothing layers or skin after decontamination.  

Using the exposure parameters of interest for the user group in question, the detection limit of the 
methodology (very tiny specks of powder or droplets) was shown to be sufficient to detect the 
simulants on skin at concentrations sufficient to cause enough harm that they would drive the 
requirement for further localized decontamination or a generalized shower-out procedure to aid in 
further concentration reduction. The methodology could be used to evaluate decontamination and 
doffing of both ambulatory and non-ambulatory wearers.  

The user group was able to fine-tune doffing procedures to minimize all forms of contamination 
transfer and reaerosolisation such that it was unlikely that any further skin decontamination would 
be required after doffing, and the shower-out procedure, while it would still be performed, was 
unlikely to be a necessary part of the skin decontamination procedure.6 

                                                      
6 Note that this conclusion was based on this particular user group, protective system and well thought out 
doffing procedure, and that different parameters might lead to different conclusions about the necessity for 
the shower-out to achieve desired safe skin levels. 
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List of symbols/abbreviations/acronyms/initialisms  

ALARA As low as reasonably achievable 

APR Air purifying respirator 

BI Biological indicator 

C1S Fully encapsulating CBRN protective ensemble with SCBA 

C2PAPR-vP CBRN protective ensemble with PAPR 

C2S CBRN protective ensemble with SCBA 

C2vP CBRN protective ensemble with APR 

C4PAPR-vP Particulate protective ensemble with PAPR 

C4P Particulate protective ensemble with APR 

CAN Canada 

CBR Chemical-biological-radiological 

CBRN Chemical-biological-radiological-nuclear 

CGSB Canadian General Standards Board 

CRTI CBRN Research and Technology Initiative 

CSA Canadian Standards Association 

CSS Centre for Security Science 

CSSP Canadian Safety and Security Program 

CWA Chemical warfare agent 

DF Decontamination factor, a measure of efficacy of decontamination 

DPE Dermal protective equipment 

DRDC Defence Research and Development Canada 

EMS Emergency Medical Service 

EPA Environmental Protection Agency (US) 

FFP Filtering facepiece 

ICRP International Commission on Radiation Protection 

ISO International Organisation for Standardisation 

MVP Moisture vapour permeable 

N95 A style of filtering facepiece respirator often used in healthcare 

NFPA National Fire Protection Association (US) 

NIOSH National Institute of Occupational Safety and Health (US) 
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OSHA Occupational Safety and Health Administration (US) 

P Specified high levels of particulate protection under Z1610 

PAPR Powered air purifying respirator 

PPE Personal protective equipment 

RCMP Royal Canadian Mounted Police 

RES Radiation exposure state 

RPD Respiratory protective device 

RSDL Reactive Skin Decontamination Lotion 

SCBA Self-contained breathing apparatus 

US United States 

vP Limited vapour full particulate protection 

Z1610 CAN/CGSB/CSA/Z1610-11, a National Standard of Canada covering 
personal protective equipment for first responders to CBRN events [1] 

Z1640 A proposed National Standard of Canada for personal protective equipment 
selection for clandestine lab response 
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