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DISCLAIMER
This report is submitted for your review and consideration. FireWise Consulting Ltd.
(FWC) makes no representation or warranty to the recipient about the information and
shall not be liable for any errors or omissions in the information or the use thereof.

RELIANCE
FWC has relied on the information supplied by the client to be true and accurate.
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EXECUTIVE SUMMARY
The Town of Creston has identified the need to update their fire protection facilities to
address operational and other shortfalls in the current fire hall. The Creston fire hall, a
repurposed grocery store, has served the Town well since 1982, but has outlived its
functional lifespan. The building, while providing an effective home for fire services for 35
years, is unable to support the requirements of a modern volunteer fire service due to a
lack of space and an array of spatial and functional concerns. Plans are underway to
develop updated fire station facilities for the Department.
The development of the business case for updated fire department facilities included
identification of deficiencies in the current building. A consultation with the Town’s
firefighters identified several serious health and safety concerns regarding the existing
fire station. The firefighter concerns included:
•

•

•

Exhaust emissions from fire apparatus are not controlled, resulting in
contamination of gear and sanitary areas including offices, breathing apparatus fill
and storage areas as well as offices and other “clean” areas of the facility,
Contamination from fire protective clothing and equipment is being introduced into
the fire station following incidents. These contaminants include blood and body
fluids, and a host of post fire chemicals and toxins, many of which are known or
suspected carcinogens,
General concerns regarding spatial restrictions in terms of operations, including
vehicle movements, storage of firefighter protective clothing and overhead spatial
restrictions.

There is general recognition that these deficiencies will need to be managed during the
transition from the current facility through the process of construction and to the
occupancy of the new facility. This report provides an analysis of the identified
deficiencies and provides a road map to address WorkSafeBC Occupational Health and
Safety Regulations that is anchored to fire protection standards including:
•
•
•

National Fire Protection Association (NFPA) 1500 Standard on Occupational
Health, Safety and Wellness Programs
NFPA 1851 Standard for the Selection, Care and Maintenance of Protective
Ensembles for Structural Fire Fighting and Proximity Fire Fighting, and
Industry best practices

It should be clearly understood that this report does not presuppose a specific solution.
What is certain is that the status quo is not an option that can be considered. The identified
deficiencies must be addressed in the short term and will require the collective wisdom
and creativity of Council and the Community Fire Hall Advisory Select Committee to
determine the permanent solution.
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As presented, the Interim Measures Report follows a risk management approach that
starts with the Town of Creston’s commitment to a safe and healthy workplace followed
with structured recommendations to achieve an appropriate level of safety for staff and
residents while meeting legislated workplace health and safety objectives. All the report’s
recommendations are supported by a series of exhibits attached to the report that
provides detailed contextual guidance to the Town administration.
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TOWN OF CRESTON OCCUPATIONAL HEALTH & S AFETY POLICY
It is the policy of the Town of Creston to provide a safe work environment that is
designed, operated and maintained in accordance with occupational health and
safety standards.
It is the responsibility of the Town of Creston management to develop, implement
and maintain programs designed to prevent injuries and occupational diseases
throughout the Town of Creston workplaces by ensuring that health and safety
hazards are controlled or eliminated, and by developing work procedures conducive
to a healthy and safe workplace.
It is the responsibility of every supervisor to ensure that all workers are instructed in
and follow all safe work procedures, regulatory requirements and collective
agreement provisions.
It is the responsibility of all workers to follow proper safe work procedures and to
monitor their workplace for unsafe conditions and hazards.
Through the active participation and cooperation of management, supervisors,
workers and joint health and safety committees, the Town of Creston will promote
healthy and safe working conditions and attitudes as integral parts of its operations.
Any worker or supervisor not complying with safe practices and procedures,
including the provisions of the Occupational Health and Safety program may be
subject to discipline, in accordance with the Town of Creston Progressive Discipline
Policy.
The following report provides a practical application of both the intent and the letter
of the Town of Creston’s Occupational Health and Safety Policy.
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RECOMMENDATIONS
All the recommendations in this report are supported by a combination of industry
accepted practices, manufacturer’s instructions, internationally accepted fire service
standards and related WorkSafeBC regulations. Taken in their entirety, these
recommendations provide a simplified risk management approach to address identified
and potential exposure and safety risks. While some of the recommendations are
specifically intended to bridge into an updated facility, many are the basis of effective
hazard management processes that should continue subsequent to a move into updated
facilities.
The recommendations are supported by several exhibits referenced at the rear of this
report. These provide specific direction or examples of options that may be modified to
meet the unique nature of the Creston Fire Department.

RISK ASSESSMENT PRACTICES:
1. A hygiene evaluation of the Creston fire station, equipment, and personal
protective equipment should be conducted by a qualified third party to determine
the levels of contamination that currently exist, effectiveness of current
decontamination efforts and to identify specific issues. Results of the analysis
should be used as the basis for development of the required exposure
management plan. Ongoing monitoring should continue through the
implementation of hazard control processes to ensure compliance with
requirements and to evaluate the effectiveness of controls.
2. The addition of hazardous materials exposure risk should be included in risk
management planning for all operations. Many of the exposure risks can be
identified in an effective scene size up with appropriate strategies to manage
potential contamination implemented at the scene and carried on back to the
station. Application of defined processes in NFPA Standards and manufacturers
guidelines should be implemented.
3. It is impossible to eliminate completely the potential exposure of fire fighters to
work related carcinogens and toxins. Therefore, an aggressive detection and
health monitoring program should be considered for all fire fighters. A guide for fire
fighters physicians should be developed that details the considerations a physician
need to be evaluating when performing a regular medical checkup for a firefighter.
The Town should consider implementing a mandatory requirement for all
firefighting personnel to obtain a physical at least once every 24 months and
preferably annually. All firefighters coming into the Creston Fire Department
should have a baseline examination using the same criteria prior to being placed
on active duty.
4. The Fire Department workplace health and safety committee should be linked to
the Town’s Joint Health and Safety Committee. Regular meetings should be
7
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scheduled, and the Town, Fire Department Management and Fire Fighters should
commit to meeting as scheduled to meet the directives of the Town of Creston
Occupational Health and Safety Policy.

PROCEDURAL DOCUMENTATION:
5. Specific decontamination, infection and exposure control standard operating
guidelines (SOG’s) should be developed and implemented. These SOG’s should
be anchored to recognized fire protection and infection control standards (i.e.
NFPA) or other demonstrated leading practices and need to include WorkSafeBC
exposure registry protocols.
6. A decontamination procedure should be developed following recommended
practices identified in NFPA 1500 and manufacturer’s specifications for all PPE
and personnel. This should include prohibitions on bringing contaminated gear into
enclosed spaces, including apparatus, cleaning and maintenance procedures and
storage solutions that minimize secondary contamination risks from apparatus and
exhaust.
7. A procedure for the cleaning and decontamination of fire department vehicles
should be developed. This procedure should also consider proactive processes
including a prohibition on the transport of grossly contaminated PPE inside
passenger areas of apparatus.
8. Safe work practices around working in elevated places, low overhead spaces and
alternative procedures where the work cannot be safely completed should be
considered. The process for development of the work practices should include
appropriate personal protective equipment beyond that issued for firefighting and
rescue operations.
9. A safe movement policy on the movement of vehicles into and out of the fire station
should be developed and implemented. The SOG should include reference to
acceptable bystander behaviours, and instructions to spotters and drivers on how
to identify and manage safe and unsafe practices. The SOG should include
restrictions on activities in proximity of vehicles when moving vehicles and a twospotter rule.
10. Operating procedures related to fire suppression should be developed that are
based on a transitional fire attack methodology focused on cooling the fire prior to
firefighter entry. A focus on reducing the exposure risk to firefighters should be a
foundational planning principle for all operational Standard Operating Guidelines
(SOG’s).

Facilities:
11. Consideration should be given to making the current fire station an “operations
only” facility. This would include:
8
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a. To minimize the negative health impacts of sustained exposures of career
staff to potential contamination in the fire station, all fire department
administrative personnel, including the Fire Chief should be relocated out
of the fire station and into other facilities.
b. The spaces currently occupied for administration should then be
repurposed for “clean” functions including breathing apparatus
maintenance and clean equipment storage.
c. Classroom and other meeting spaces could, as an interim measure, be
accommodated in the fire department training ground and other Town
owned facilities.
d. Current work and servicing spaces should be evaluated for the development
of temporary shower and hygiene facilities in a gender respectful manner.
12. The development of an interim vehicle exhaust mitigation strategy to ensure that
maximum exposure threshold limits for diesel exhaust is not exceeded for staff
operating in the fire station. This should include operational directives on starting
and operating vehicles, rules on door openings and duration of engine operations
inside the station.
13. The current exhaust and makeup air fans installed in the fire station apparatus
bays do not appear to be providing an acceptable level of air exchange. An
engineer should be considered to evaluate these fans and make recommendations
on improvements to ensure effective air exchange on all areas of the floor spaces.
An acceptable solution will depend on decisions made on how operations will be
amended as per Recommendation 11.
14. Professional cleaning services should be considered for all areas of the fire station,
except the fire apparatus bays. These services should include periodic cleaning of
the office carpets and all wall surfaces and the application and maintenance of
floor finishes to assist in improving overall facility hygiene. Fire department
personnel should be able to provide daily cleaning between scheduled cleaning
services.

Equipment:
15. All breathing apparatus masks should be stored in manufacturers supplied storage
bags to ensure that they remain clean and sanitary between uses and cleaning.
16. Soiled and contaminated personal protective gear should be cleaned in
accordance with manufacturer’s recommendations and in accordance with the
requirements of NFPA 1500 and NFPA 1851.
17. The use of gear bags and protective covers for firefighting ensemble that can
protect cleaned gear from accidental contamination by vehicle exhaust or other
contaminants should be evaluated.
9
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18. Spare gear in front line condition in a range of sizes appropriate to the department
should be provided to ensure that contaminated gear can be taken immediately
out of service and cleaned appropriately.
a. Spare equipment including gloves and hoods should be issued to all fire
fighters to ensure that they have a spare so that these items can be
laundered immediately after every use. Policies including a prohibition on
carrying the spares in their pockets should be developed.
b. Firefighter bunker gear should be available in a range of sizes to
accommodate fire fighters. There is no requirement to issue every fire
fighter a dedicated set of spare gear.
19. All fire fighters should be required to maintain a set of clothing, including under
garments, in which to change into prior to departure from the fire station.
Mandatory decontamination procedures should apply to any firefighter who may
have been exposed to the products of combustion or biological hazards.
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BACKGROUND
This report is narrowly focussed on providing recommendations on the development of
an exposure control plan. While this WorkSafeBC guideline does not speak directly to
firefighting, the basis of the direction to follow a risk managed approach in identifying and
mitigating potential exposures is a completely appropriate process. Standards such as
the National Fire Protection Association (NFPA) 1500 and 1851 provide the industry
specific technical requirements to create an effective program.

CURRENT STATE ANALYSIS
A site review of the Creston Fire Station was conducted on March 6-7, 2018. The review
noted a range of concerns regarding the facility and its ability to adequately support safe
and efficient operations of the fire department. It also revealed that measures that were
adopted over the years to manage some of the concerns are not currently effective.
The fire station is a renovated grocery store. Interior partition walls were installed over
the years to separate functional areas of the department, and to separate administrative
areas from the apparatus floor housing fire department vehicles and equipment. The
buildings heating and ventilation system is shared by both the administration areas and
the equipment bay. There is no vapour separation between the administrative areas and
the equipment bays.

FIGURE 1: CRESTON FIRE STATION 1

There is no specific vehicle exhaust management system installed in the building. At
some point in the buildings history a pair of large capacity exhaust fans were installed to
address concerns of vehicle exhaust contamination of the fire station. The fans can be
triggered manually and are turned on automatically when the overhead doors are opened.
The fans are located on either side of the bays close to the ceiling. These fans are
supported by a makeup air fan that pushes makeup air into the building. This makeup air
is not heated which does cause significant temperature changes depending upon the
11
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weather. Initial evaluations indicate that the fans do move a large volume of air but are
not effective in removing vehicle exhaust from large areas of the apparatus bays. Fire
apparatus is much larger than when these fans were installed and cause significant
interference in air flows. Prevailing winds from the west frequently pressurize the building
and force contaminants into the administrative areas to the rear.
Exhaust fan. There are two of
them on opposing walls with a
makeup air fan on the north
wall.

FIGURE 2: EXHAUST FAN

FIGURE 3: REDUCED CLEARANCE BETWEEN AERIAL TRUCK AND CEILING

There is a gas detection system installed in the building to monitor vehicle exhaust
emissions on the apparatus bays. A detector head inside the overhead doors provides
the sole monitoring site. It is not clear that the detection system has received proper
maintenance and there is a limited Departmental understanding for how it works. There
is no other chemical or gas detection devices in the building. Positioning of the detection
head near the front doors may not provide effective measurement and warning of
contamination. The system was installed by local electricians with limited technical
12
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support. It is not clear whether the sensors have been serviced in accordance with
manufacturers requirements.

FIGURE 4: EXHAUST DETECTION SYSTEM

The firefighter personal protective equipment is stored in the fire station in open mesh
cubicles along each wall and in an island between fire department vehicles. This
installation is a relatively standard arrangement in fire stations across Canada. There is
no protection for the gear from ultraviolet degradation and the gear is exposed to possible
contamination from vehicle exhaust, fire station activities and post incident cleanup and
decontamination.

General storage of items like rescue equipment, fire hose and other operational
equipment and supplies are extremely limited. This results in storage of sensitive
equipment on the apparatus floor between fire trucks. This contributes to several issues
13
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including congestion, limited space for operational checks and maintenance, and
secondary contamination from cleaning and vehicle operations. While not forming a
recommendation in terms of this report, consideration might be given to moving the trailer
to another storage area to free up some functional space on the apparatus floor.

FIGURE 5: STORAGE ISSUES IN THE FIRE STATION

The fire station is equipped with limited washrooms and shower facilities. These facilities,
however, are located inside the administration section of the building. The washrooms
are utilized by staff and anyone from the public who are visiting or working in the station.
There is only one shower in the building located inside the men’s washroom, which is
inadequate for operational requirements. There are no provisions for shower facilities for
female firefighters. There is no storage space to allow for lockers for firefighters to store
personal hygiene materials and spare clothing. Neither washroom offers sufficient space
or design amenities to be used for decontamination purposes.

FIGURE 6- MENS WASHROOM
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FIGURE 7: WOMENS WASHROOM

Administration areas of the fire hall are located immediately adjacent to the fire apparatus
bays. There are doors, but they are not vapour protected and allow products of
combustion to migrate through. The admin areas share heating equipment with the
apparatus bays as well. When the large doors are open, prevailing west winds pressurize
the spaces, forcing exhaust and other contaminants into the admin areas. There is no
transition area between the administrative spaces, including a kitchen, and the outdoors
and apparatus bays. As a result, dirt and contaminants walk directly into these areas.

FIGURE 8: FIRE ADMINISTRATION AREA

There is a heavily utilized training and meeting space at the rear of the fire station. While
the overall space is adequate for most functions, it contains little storage and is open to
the same contamination as the rest of the building. This room also serves extensively as
15
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a place to conduct public education and training opportunities, potentially exposing
children and members of the public to the same contaminants that firefighters are
exposed to at fire scenes and in the apparatus bays.

FIGURE 9: TRAINNG ROOM

A heavy duty washing machine is provided for the cleaning of fire fighters personal
protective equipment. The space is adequate and reasonably well appointed in terms of
cleaning and post exposure decontamination. It is attached to a hallway that connects
directly with administration areas, including public washrooms, and represents a
significant secondary exposure risk to staff and visitors. There were no obvious
indications that adequate PPE for those fire fighters assigned cleaning functions is being
provided. Proper protection would include eye protection, chemical resistant gloves,
disposable coveralls and proper respiratory protective gear. There were no posted
cleaning or laundry instructions in the laundry room. There is no laundry equipment
(separate washer and dryer) available that would permit fire fighters to clean
contaminated personal clothing.

FIGURE 10: LAUNDRY FACILITY IN FIRE STATION
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The fire department had an enclosed mezzanine area located above the administrative
areas of the building. Access to the mezzanine is provided through the fire station
apparatus bays. There is no other exit from this space. This area has a low ceiling and is
fully open to contamination from the apparatus floor. Storage in this area includes
obsolete equipment as well as new and cleaned personal protective equipment and tools.
The local Air Cadet Squadron stores some materials in this space as well. The space also
accommodates important information technology infrastructure for the Town.

FIGURE 11: MEZZANINE STORAGE AREA

FIGURE 12: AIR CADET STORAGE
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FIGURE 13: MEZZANINE NEW AND CLEANED EQUIPMENT STORAGE

FIGURE 14: MEZZANINE- IT INFRASTRUCTURE

There are two rooms on the administration side of the building dedicated to maintenance
of self-contained breathing apparatus and filling of the air cylinders. The refilling room is
isolated from all other work spaces and is adequate for the function. The equipment repair
area is adequate, although it is exposed in some fashion to potential contamination from
the apparatus bays and through migration of contaminants into the area through other
maintenance activities. This potential contamination is manageable through the
development of effective decontamination and hygiene policies for the space, including
decontamination of equipment and harnesses on the apparatus area and thorough
cleaning of work spaces prior to mask cleaning or other operations.
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FIGURE 15: SCBA REFILLING ROOM

A review of recent Occupational Health and Safety Committee minutes revealed that the
Committee is not meeting regularly. Minutes show that historically there has been limited
discussion or action on substantive matters regarding facility and operational health and
safety matters.
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C ANCER IN THE FIRE SERVICE
Cancer related deaths and illnesses have been identified as the single most serious
health threat to firefighters. The risk to firefighters of developing certain types of cancers
is significantly elevated when compared to other groups of people. The BC Workers
Compensation Act has recognized that the 13 cancers identified in Table 1 can be
assumed to be occupational diseases caused by the elevated risks faced by firefighters
over the course of their employment.
Table 1
Item

Column 1
Occupational Disease

Column 2
Minimum
Cumulative Period

1

primary leukemia

5 years

2

primary non-Hodgkin's lymphoma

20 years

3

primary site bladder cancer

15 years

4

primary site brain cancer

10 years

5

primary site colorectal cancer

20 years

6

primary site kidney cancer

20 years

7

primary site lung cancer

15 years

8

primary site testicular cancer

20 years

9

primary site ureter cancer

15 years

10

primary site esophageal cancer

25 years

11

primary site breast cancer

10 years

12

primary site prostate cancer

15 years

13

multiple myeloma

15 years

These cancers are deemed to have been caused by the repeated exposures to toxins
and related stresses over the course of a firefighter’s career.
All fire events will result in the generation or release of a wide array of toxic materials and
compounds. Modern building contents, be it a residence or a factory, have changed
dramatically in terms of the types of materials that may be found. Heavy reliance of
synthetics, plastics and other modern materials, and a move away from natural woods
and fibres have increased the density and relative toxicity of smoke. While there are many
chemicals and compounds produced, the following chart identifies some of the more
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common carcinogens found in smoke. These are based on studies completed by the
International Agency for Research on Cancer (IARC), an agency of the World Health
Organization;
IARC Group 1 Agents

IARC Group 2A

(known to cause cancer in humans)

Agents (probable human carcinogens)

Arsenic

Creosote

Asbestos

Polychlorinated biphenyls

Benzene
Benzo(a)pyrene
1,3-butadiene
Diesel engine exhaust
Formaldehyde
Soot
Dioxin

It is important to note that the exposure of firefighters to diesel exhaust is almost
exclusively because of contamination of quarters from the exhaust emissions of their
vehicles. Older fire stations lack effective controls on the management of their diesel
engine exhausts. The development of mitigation strategies is essential in managing this
cancer risk.
The cancer concern in fire fighters has been most effectively documented in career
firefighters. All the major studies have focussed solely on career fire services. There are
significant challenges in terms of physical and health monitoring of volunteer firefighters.
Volunteer fire departments represent an extreme diversity of types and are frequently only
loosely affiliated with a government body, making it difficult to study large groups over the
necessary timelines to draw a complete understanding of the linkages between
occupational exposures and cancer and other health outcomes.
What is clear, however, is that volunteer firefighters who are called upon to provide
municipal structural firefighting services in their community are exposed to the same
products of combustion as their career counterparts. Their exposure frequency can be
similar to that of the career exposure frequency due to the volunteer attendance at a
21
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higher percentage of serious calls than a career firefighter working a specific shift might
attend. For this reason, most jurisdictions have included volunteers in their presumptive
cancer legislation.
Medical monitoring of firefighters must form part of the exposure management plan for
the department. Early identification of exposures, cumulative or acute, is essential to
successful outcomes. NFPA 1500 provides guidance to medical practitioners on the
criteria that should form part of a routine medical evaluation for firefighters. The Town
should consider making mandatory medicals for firefighters, at least once every two
years, part of their exposure management plan.

EXPOSURE ROUTES
Chemical and biological exposure routes include ingestions, inhalation and absorption.
This is important in terms of planning for both PPE and decontamination procedures.
While ingestion may be an exposure route, this is generally managed through a well
applied infection and hygiene control plan. New trends in the fire service are Cancer
Prevention strategies which include a holistic approach promoting healthy eating habits,
exercise, adequate sleep and recovery time. Prevention methods include the use of
saunas in fire halls so fire fighters can "sweat" toxins out of their pores as a cleansing
method.

Of more concern to the fire service are inhalation, absorption and secondary exposures.
INHALATION:
Inhalation hazards are well understood by the Fire Service. Significant advances in
respiratory protection devices, both supplied air and filtration systems have effectively
managed inhalation injuries. Inhalation exposures are generally restricted to a failure to
utilize the appropriate respiratory protection, frequently during the overhaul phases of an
event or in outdoor areas where periodic contamination is present. It is essential that a
rigorous respiratory protection policy is developed, implemented and enforced based on
a risk assessment of all potential exposures.
ABSORPTION:
Firefighter protective clothing does little to protect against chemical infiltration of the
protective ensemble. Many of the carcinogenic materials contained in smoke are easily
absorbed through the skin. Recent studies indicate that a temperature increase of as little
as 5 degrees will increase the absorption of toxic chemicals by 400%. This requires a
reassessment of fire suppression tactics and development of effective decontamination
procedures. Decontamination must start on scene and continue back at the fire station
with careful cleaning of equipment, clothing and personnel.
22
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Exposure reduction strategies should be considered that include tactical decisions to
reduce exposures of firefighters to the hazards. Implementation of command
considerations that includes the evaluation of potential contamination by products such
as asbestos should be implemented. Buildings built before 1990 are likely to contain
asbestos. If this is the case, decontamination practices should reflect that on site, with
both the contaminated crew and the decontamination personnel being properly protected
from contamination. Industry best practices dictate that cleaning and decontamination
begins at the scene and that contaminated gear does not get transported inside
apparatus.
EFFECTS OF HEAT:
Elevated heat exposure has been shown to increase the absorption of chemicals by as
much as 400% for every 5 degrees increase in temperature inside the firefighter
protective clothing. Strategies to reduce the combined exposure of firefighters to toxic
smoke and chemicals and high heat need to be explored.
Transitional fire attack strategy is one that sees the controlled application of water prior
to entry to lower the temperature of the fire compartment and begin fire control. Combined
with effective ventilation procedures, including positive pressure ventilation, exposure to
toxic chemicals and smoke is significantly reduced. This attack profile has been evaluated
by Underwriters Laboratories (UL) in the United States and has been shown to provide a
host of positive outcomes including reduction in flashover risk, faster management of the
fire, significant cooling of the fire compartment for both potential victims and firefighters
and a reduction in the overall time spent in overhaul and extinguishment.
SECONDARY EXPOSURES:
Secondary contamination is an ongoing and serious concern for all fire services.
Contamination from fire and rescue sites are transported back to quarters and in some
cases to home through contaminated clothing, equipment and vehicles. Transportation of
contaminated gear and equipment inside the passenger compartments of firefighting
vehicles, failure to clean gear and equipment properly and failure to effectively implement
personal hygiene and decontamination protocols are leading causes of secondary
contamination.
NFPA 1500 provides detailed guidance on processes that should be implemented in
terms of managing secondary exposure risks.

EXHAUST CONTAMINATION OF FIRE STATION
The current fire station is not equipped with a vehicle exhaust management system. The
BC OHS regulation 5.72 establishes a best practice for exhausting vehicle emissions to
the outdoors, wherever possible. Where it is not possible to do so, the vehicle must be
23
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properly maintained to minimize exhaust emissions and indoor air monitoring must be
provided to ensure that worker exposures do not exceed maximum exposure thresholds.
The negative impacts of diesel exhaust contamination can be further managed by placing
administrative and operational controls in place. Engines should only be operated for the
minimum time required to pull out of the station. The engine should be run at the minimum
throttle level required to move it and the overhead doors should be opened prior to engine
start.

PERSONAL PROTECTIVE EQUIPMENT
Personal protective equipment (PPE) provides an important layer of protection from the
effects of fire and its products. In terms of protection, research has demonstrated that
personal protective gear in and of itself is not sufficient to fully protect firefighters from
exposures to chemicals, including those entrained in smoke.
Section 7.1.3 of NFPA 1500 stipulates that “Structural fire-fighting and proximity firefighting protective ensembles and ensemble elements shall be cleaned as specified in
NFPA 1851, Standard on Selection, Care, and Maintenance of Structural Fire Fighting
Protective Ensembles”.
NFPA 1851 provides detailed guidance on the safe storage, cleaning, maintenance and
replacement of firefighter protective clothing. These requirements are also specified by
manufacturers in their use and care instructions. Consideration of a separate space or
enclosed, vented storage units that protect the gear from secondary contamination from
station sources as well as protecting it from ultraviolet degradation should be
implemented in the current and any future facility designs.
Specific PPE should be provided to protect those personnel assigned to cleanup and
decontamination processes. This includes respiratory, eye and skin protection measures.
Contaminated protective clothing should not be permitted inside crew compartments of
fire department apparatus. It should be given a preliminary cleaning on scene and bagged
for transport to the station for proper cleaning and maintenance. Where this becomes
unavoidable due to rehabilitation needs, the vehicle should be taken out of service and
properly decontaminated before returning to active duty.
Civilian tours of the operational areas should be carefully considered, in terms of their
potential exposure to toxic chemicals. If gear and helmets are to be placed on civilians,
these should be non-operational gear that has been properly decontaminated.
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OCCUPATIONAL HEALTH AND S AFETY REGULATION SECTION 5.54 EXPOSURE
CONTROL PLAN
OHS Regulation, Part 5 Chemical Agents and Biological Agents, provides a detailed
approach to managing exposures of workers to both biohazards such as blood and body
fluids and exposures to chemicals. While the Part is principally developed to deal with a
more traditional workplace, it clearly provides a supportable approach to managing
firefighter exposure risks, both on the fire ground and in station. The technical aspects of
firefighting are captured through application of a variety of industry standards and
practices, including equipment and PPE manufacturers recommendations.
Section 5.54 discusses the elements of an exposure control plan meant to effectively
address workplace exposures to chemicals. It lays out a seven-element plan that
includes:
➢
➢
➢
➢
➢
➢
➢

a statement of purpose and responsibilities;
risk identification, assessment and control;
education and training;
written work procedures, when required;
hygiene facilities and decontamination procedures, when required;
health monitoring, when required;
Documentation, when required.

The plan should describe the roles and responsibilities of each member of the team
including firefighters, officers and management.
If adopted, the recommendations contained in this report will outline the program needed
to address these required elements of an exposure management plan for the Creston
Fire Department.
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Exhibits:
1. Exhibit 1: WorkSafeBC Part 31 Firefighting
2. Exhibit 2: WorkSafeBC Occupational Health and Safety Regulation G-5.54-3
Exposure Control Plan
3. Exhibit 3: WorkSafeBC Workplace Exposure Limits Table
4. Exhibit 4: Firefighter Gear Cleaning- PBI Performance Products
5. Exhibit 4b: Firefighter Gear Cleaning- Globe
6. Exhibit 5: Transitional Fire Attack Article (Underwriters Laboratory)
7. Exhibit 6: NIOSH Cancer Study
8. Exhibit 7: DRAFT Exhaust Management Standard Operating Guideline (Pasadena
Fire Department)
9. Exhibit 8: Fire Fighters Physicals Guide
10. Exhibit 9: Firefighter Turnout Gear SOG (Surrey Fire Department)
11. Exhibit 10: IARC Diesel Exhaust Finding Report
12. Exhibit 11: On Scene Decontamination SOG
13. Exhibit 12: Standard Firefighter Carcinogen Exposure Statement (International
Association of Fire Fighters)
14. Exhibit 13: Decontamination Skills Guide (Louisiana State University)
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RESOURCES:
https://firefightercancersupport.org/
This is a resource for fire professionals and for those who are responsible for the
operations of fire departments. It provides a wide range of leading practice information on
fire fighting related cancers and connects them with information on how to reduce the
issues.
https://www.worksafebc.com
WorkSafeBC provides a wide array of information on how to comply with provincial
legislation and how to make all British Columbia worksites safe. Firefighting is covered
under provincial OHS legislation.
https://ulfirefightersafety.org/
UL Firefighter Safety Research Institute (FSRI) advances fire research knowledge and
develops cutting edge, practical fire service education aimed at helping firefighters stay
safe while more effectively protecting people and property.
https://www.nist.gov/el/fire-research-division-73300/firegov-fire-service
Fire.gov is a collection of resources from the Engineering Laboratory's Fire Research
Division at NIST. These Web pages provide links to fire related software, experimental
fire data and mpeg/quick time movies of fire tests that can be downloaded and/or viewed
with a Web browser.
https://www.usfa.fema.gov/
Contains recommended approaches to manage organizational, operational and
community risk.
https://www.nfpa.org/
Internationally recognized leader in the provision of fire and safety related information and
standards.
https://www.iafc.org/
The International Association of Fire Chiefs provides a forum to evaluate and share
information with fire departments across the world. It is an excellent resource for shared
learnings.
https://www.ppe101.com/
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A website provided by FireRescue1 (manufacturer of Globe, MSA, etc.) that addresses
training and information regarding personal protective equipment.
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31.4 Instruction and direction
The employer must ensure the adequate instruction and direction of firefighters in the
safe performance of their duties.
31.5 Procedures
(1) Written procedures must be established and followed by a fire department or industrial
fire brigade to
(a) manage and track firefighters at an emergency incident,
(b) manage exposure to bloodborne pathogens,
(c) manage stress arising from an emergency incident that is likely to cause adverse health
effect to firefighters,
(d) provide for effective traffic control at emergency incidents, and
(e) operate firefighting vehicles during emergency and non-emergency travel.
(2) Written procedures must be established and followed by a fire department or industrial
fire brigade for the following situations, where applicable:
(a) fires in buildings 7 storeys or over;
(b) firefighting over water and underground;
(c) fires and other emergency incidents involving hazardous substances;
(d) rescue from high angles, confined spaces, trenches, excavations and water;
(e) disaster planning and response;
(f) electrical emergencies.
31.6 Rest and rehabilitation
The incident commander must make suitable provision for rest and rehabilitation for
firefighters at an emergency incident.

31.7 Impounding equipment
If, in the course of an emergency incident, a firefighter suffers serious injury or death,
or is involved in an accident involving a risk of serious injury or death, the senior
firefighter present must immediately impound the protective and other equipment used
by the firefighter and keep the equipment out of service until released by the Board.
31.8 Equipment defects
The employer must, without delay, notify the Board of any structural failure or
manufacturing defects detected in a firefighting vehicle, apparatus, or other emergency
equipment referred to in this Part.
31.9 Test records
The employer must keep the test and inspection records required by this part available
at the workplace for inspection by an officer or the joint committee or worker health
and safety representative, as applicable.

Personal Protective Clothing and Equipment
•
•

Related Guidelines
+ Add to My Handbook

31.10 General requirement
Firefighters must wear personal protective clothing and equipment appropriate to the
hazards to which they may be exposed.
31.11 Maintenance
(1) The employer must have written procedures for the inspection of protective clothing and
equipment at regular intervals.
(2) Procedures for cleaning and drying protective clothing must be in accordance with the
manufacturer's instructions.
(3) Defective items of protective clothing or equipment must be repaired or replaced.
31.12 Firefighter responsibility

Firefighters must ensure that the personal protective clothing and equipment used by
them is maintained in good condition.
31.13 Safety headgear
(1) Safety headgear must be worn by firefighters required to approach the seat of a fire or
enter a structure or other hazardous area during an incident.
(2) Safety headgear must meet the requirements of NFPA 1972, Helmets for Structural
Firefighting: Structural Fire Fighters Helmets, 1992 Edition.
(3) Headgear meeting the requirements for safety headgear in Part 8 (Personal Protective
Clothing and Equipment) may be used by firefighters
(a) while determining the cause of fires, or carrying out duties associated with preventing
fires, or
(b) at the discretion of the incident commander, while fighting a fire in vegetation that is
not within a structure.
[Amended by B.C. Reg. 312/2003, effective October 29, 2003.]

* See also section 4.4 of the OHS Regulation.

31.14 Protective coats, pants and hoods
Firefighters required to approach the seat of a fire or enter a structure or other
hazardous area during an incident must wear protective coats, pants and hoods
meeting the requirements of
(a) NFPA 1971, Protective Clothing for Structural Fire Fighting, 1991 Edition, or
(b) CGSB Standard CAN/CGSB-155.1-M88, Firefighters' Protective Clothing for Protection
Against Heat and Flame.
(c) Repealed. [B.C. Reg. 312/2003, effective October 29, 2003.]

[Amended by B.C. Reg. 312/2003, effective October 29, 2003.]

* See section 4.4 of the OHS Regulation.

31.15 Stationwear and personal garments
Firefighters required to approach the seat of a fire or enter a structure or other
hazardous area during an emergency incident must not wear shirts, trousers, jackets or
coveralls that have poor thermal stability or that ignite easily.
31.16 Working gloves
Firefighters required to approach the seat of a fire or enter a structure or other
hazardous area during an emergency incident must wear gloves meeting the
requirements of NFPA 1973, Gloves for Structural Fire Fighting, 1988 Edition.
[Amended by B.C. Reg. 312/2003, effective October 29, 2003.]

* See also section 4.4 of the OHS Regulation.

G5.54-3 Risk identification, assessment and control
Issued August 1999
Under section 5.54(2)(b), the exposure control plan must incorporate risk identification,
assessment and control. When identifying and assessing risk, the requirements of
sections 5.53(1) and 5.53(3) for a walk-through survey and exposure monitoring apply.
Continuous monitoring of the work area may also be required, when necessary, to
ensure the continuing safety of workers. For example, section 6.128 (Toxic Process
Gases) requires continuous monitoring in some workplaces. For controlling risk, section
5.55 applies.
To evaluate compliance with this section, an officer will
•
•
•
•

determine whether the hazards have been correctly identified,
establish whether the risk assessment is acceptable,
assess the practicability of any proposed control measures, and
evaluate whether those measures provide an acceptable level of protection to
workers.

The degree of risk will depend on the probability, the extent, and the possible
consequences of exposure (an injury or disease). Some of the factors that an employer
should consider when performing a risk assessment are outlined in the table below.
Factors to be considered when performing a risk assessment
General
What is the nature of
the hazard?

Specific
•
•

•

What is the nature of
the exposure?

•
•

what are the body systems involved
(e.g. lungs, skin)?
what are the possible effects of
exposure (e.g. breathing difficulties,
scarring of tissues)?
are there short-term or long-term
effects (e.g. mild irritation,
irreversible tissue damage, cancer)?
what are the specific substances to
which workers may be exposed?
what are the way(s) in which
workers may be exposed (e.g.
spills, during routine tasks or
preventative maintenance)?

•

•

•

Are there control
measures in place to
reduce the risk of
exposure?

•

•

•

what are the specific work methods
or procedures which may result in
exposure?
who are the workers at risk for
exposure (i.e. process workers,
maintenance workers, outside
contractors)?
how many workers are potentially
exposed?
are there any engineering controls?
(e.g. is the process enclosed or
isolated?)
are there administrative controls
(e.g. is work scheduled to minimize
time spent in the hazardous area)?
is personal protective equipment
available? (i.e. what type is
available and how is it used?)

G5.54-4 Hygiene facilities and decontamination procedures
Issued August 1999; Editorial Revision February 1, 2008
Regulatory excerpt
Section 5.54(2)(e) of the OHS Regulation ("Regulation") states:
(2) The exposure control plan must incorporate the following elements:
(e) hygiene facilities and decontamination procedures, when required;
Purpose of guideline
The purpose of this guideline is to clarify that the walk-through survey required under
section 5.53(1), the risk assessment performed under section 5.88, along with specific
requirements in Parts 6 and 7, will help determine whether or not hygiene facilities and
decontamination procedures are required.
Hygiene facilities and decontamination procedures
Section 5.54(2)(e) requires that the exposure control plan incorporate "hygiene
facilities and decontamination procedures, when required." The walk-through survey
required under section 5.53(1), as well as the risk assessment required under section
5.88, will determine the need for specific hygiene facilities and decontamination
procedures. Certain sections of Parts 6 and 7 may also require hygiene facilities and
decontamination procedures, such as for asbestos, lead, and biological agents
designated as hazardous substances in section 5.1.1. Refer to the relevant OHS
Guidelines for further assistance.
G5.54-5 Health monitoring

Issued August 1999; Revised June 7, 2002; Editorial Revision October 2004
Under section 5.54(2)(f), the exposure control plan must incorporate "health
monitoring, when required." Health monitoring may be required explicitly (such as
under section 6.79, the Board may require health monitoring for workers exposed to
pesticides in non-agricultural operations), or as an element of an exposure control plan.
A list of the sections in which an exposure control plan is called for is tabulated in OHS
Guideline G5.54-1.
The purpose of health monitoring is to protect workers from developing occupational
disease by detecting biological indicators or adverse health effects at an early stage.
Action can then be taken to prevent, reverse, reduce the severity, or arrest the
progression of the adverse health effect or disease. Biological Action Values (BAV) for
biological indicators are established by the Board, based on current information and are
reviewed periodically. For further information, consult the occupational physicians of
WorkSafeBC.
Health monitoring should be considered when
•
•
•

there is reasonable likelihood of a workplace exposure,
the exposure can potentially cause an occupational disease or adverse health
effect, or
there is a means of detecting or measuring the disease, adverse health effect or
its precursor or biological indicator.

The results of health monitoring are also useful in evaluating the effectiveness of the
exposure control plan, particularly when it cannot be evaluated by exposure monitoring
alone. This occurs when
•
•
•

the skin or the gut are significant routes of absorption,
the skin itself may be affected by contact exposure, or
exposure control is dependent on the use of personal protective equipment.

The skin and gut could be significant routes of exposure if the skin is in direct contact
with a contaminant or if the contaminant is ingested and absorbed into the gut.
Biological monitoring of a substance, its metabolite or its biological effect can be a
component of health monitoring. An appropriate biological indicator is one that can be
detected before disease or an adverse health effect occurs. Preventive action can then
be taken as required. Before undertaking biological monitoring, the following criteria
regarding the biological test should be met. The test should
•
•
•

specifically assess the exposure or the effect,
be sufficiently sensitive to detect occupational exposure levels and effects,
vary quantitatively with the intensity of exposure and the risk of development of
adverse effects,

•
•
•
•
•

provide more information on potential health risk than can be obtained from
exposure monitoring alone,
be as non-invasive as possible,
be readily available and not be too time-consuming, complex or expensive,
be measured by analytical techniques which are accurate, specific and sensitive,
and
have minimal storage and transport limitations.

Substances for which WorkSafeBC considers health monitoring may be appropriate
include, but are not limited to
•
•
•
•
•
•

lead,
cadmium,
mercury,
respiratory sensitizers (such as cedar dust or isocyanates),
4,4'-methylene bis[2-chloroaniline] or MOCA, and
organophosphate compounds.

Health monitoring does not necessarily entail sophisticated testing, requiring medical or
nursing personnel. Setting up a health monitoring system should be done by an
occupational health physician or nurse, although its day-to-day functioning can often be
managed by a qualified person, such as an occupational hygienist or health and safety
manager. For some substances, health monitoring may only require an early reporting
system linked with periodic inquiries about signs and symptoms, self-checks (such as
examination of the skin for signs of sensitivity) by a lay person such as a first aid
attendant or supervisor). When biological or biological effect monitoring is necessary,
the services of appropriate medical, nursing or technical personnel may be required for
ordering tests and taking samples. A physician or nurse must interpret the results.
Health, biological and biological effect monitoring should only be carried out with the
informed consent of the worker. The individual should be advised of the purpose of the
tests and biological samples should be analyzed only for the substances or effects for
which consent has been obtained. Informed consent should ensure that the worker is
made aware of any consequences that might occur if the results of the monitoring
indicate that exposure should be reduced.
Personal results of health monitoring, as well as their interpretation, should be given to
individual workers. Unless the worker's written informed consent for release is
obtained, only categorical results (such as a range of values rather than specific
measurement values) should be released to any person other than the individual or the
worker's family physician). Both the worker and the employer should be advised about
the worker's fitness to work, along with any work restrictions or recommended health
and safety precautions.
Records concerning health, biological and biological effect monitoring should be kept
and maintained in a form, which is easily linked to job and exposure records, while still
observing the rules of confidentiality.

Although this section does not stipulate the period of time that records must be
retained, they should be kept as long as practicable. This is especially important for
identifying and assessing work-related health changes associated with changes over
time in work processes, practices or control measures, as well as for detecting
occupational diseases with delayed onset. In terms of confidentiality, standard
guidelines and current accepted practice of regulatory bodies and recognized
occupational health organizations should be followed. These include, for example, the
Royal College of Physicians and Surgeons, the Canadian Medical Association, the British
Columbia Medical Association, the Occupational and Environmental Medicine Association
of Canada, and the American College of Occupational and Environmental Medicine.
Employers, in conjunction with worker health and safety representatives and
occupational health personnel, should develop written policy regarding confidentiality.
This policy, as well as any monitoring records, should be reviewed periodically.
Health monitoring programs should be reviewed and re-evaluated on a regular basis,
and when
•
•

•
•

there is a change in work processes or substance usage,
there is a significant change in the results of air monitoring, where a significant
change may indicate either that the exposure limit is being exceeded or that
control measures are keeping exposure levels below 50% of the exposure limit,
signs or symptoms of occupational ill health are reported and investigated, as
required by section 5.59 of the OHS Regulation, or
results of biological or biological effect monitoring exceed recommended limits.

G5.54-6 Documentation
Issued August 1999; Editorial Revision February 1, 2008; Editorial Revision
consequential to May 1, 2017 Regulatory Amendment
Regulatory excerpt
Section 5.54(2)(g) of the OHS Regulation ("Regulation") states:
(2) The exposure control plan must incorporate the following elements:
(g) documentation, when required.
Purpose of guideline
The purpose of this guideline is to specify when documentation is specifically required
under certain sections.
Documentation
Section 5.54(2)(g) provides that the exposure control plan must incorporate
"documentation, when required." Documentation is specifically required under certain
sections. Some examples include the following:
•
•

Section 6.4 of the Regulation – inventory of asbestos-containing materials and a
record of any changes made to the inventory
Section 6.32 – records of risk assessments, inspections, air monitoring results,
instruction and training of workers, and incident investigation reports

•

Section 6.34(1) – records of all workers who have occupational exposure, as
defined in section 6.33

Documentation is also required under section 5.2 and whenever workplace monitoring
is conducted under section 5.53.

Table of exposure limits for chemical and biological substances

Updated 2017/06/01

Occupational Health and Safety Regulation section 5.48 provides established exposure limits for a worker's exposure to
hazardous chemical substances. Generally, these exposure limits are established according to the Threshold Limit Values
("TLVs") adopted by the American Conference of Governmental Industrial Hygienists ("ACGIH"). WorkSafeBC (the Workers’
Compensation Board) has the authority to make exceptions and adopt occupational exposure limits for specific chemical
substances that are not consistent with the TLVs established by the ACGIH. Policy R5.48-1 sets out those exceptions. The
below Table of Exposure Limits for Chemical and Biological Substances shows all occupational exposure limits for British
Columbia workplaces, i.e., adopted TLVs and exposure limits developed by exception.
WorkSafeBC publishes this exposure limit table in accordance with its mandate under the Workers Compensation Act to
provide information and promote public awareness. This table does not represent the official exposure limits and designations.
WorkSafeBC does not warrant the accuracy or the completeness of the information in this table, and none of its board of
directors, employees or agents shall be liable to any person for any loss or damage of any nature arising from this version.
Where WorkSafeBC has adopted a TLV or ACGIH designation, the official exposure limit is in the ACGIH TLV
documentation. Where an exposure limit is adopted by exception, the official exposure limit is found in Policy R5.48-1. The
official source of the International Agency for Research on Cancer (IARC) carcinogenicity designations is the IARC set of
monographs.

Explanation of table entries
General notes regarding the Table entries.

Chemicals and other substances are listed in alphabetical order. Numerals and prefixes, for example, 1,3-, tert-, o-,
sec-, cis-, are disregarded in determining alphabetical order.

In square brackets is the Chemical Abstracts Services (CAS) registry number. This is a unique identification number
assigned specifically to that substance, and can be a convenient way to identify substances.

WorkSafeBC reviews and updates this Table as necessary. If the exposure limit for a substance has been revised or newly
adopted since January 1, 2003 this Table reports the change with the words "Revised (year)". Each year, new and amended
substances, including notation changes, are highlighted for a period of time in the Table. Recent deletions of substances from the
Table are shown as strike through (e.g., Emery).

Endnotes: Letters in parentheses indicate endnotes, which are explained at the end of the table. Substances which have an
"L" endnote are subject to section 5.57 (Designated substances) of the OHS Regulation . For more information see OHS
Guideline G5.57.

Additional explanation about this table is available at G5.48-2 Annual revisions to exposure limits
TWA column
This is the 8-hour time weighted average (TWA) limit, as defined in section 5.1 of the OHS Regulation.

Units: Exposure limits are reported in ppm, mg/m3, or f/cc. In general, substances present in air as a vapour or gas are
reported in parts per million (ppm). Substances present in air as an aerosol (dust, fume, mist) and mixtures such as diesel fuel
are typically reported in milligrams per cubic metre (mg/m3). See OHS Guideline G5.48-4 for a procedure to convert from one
type of unit to the other. Fibrous substances, such as synthetic vitreous fibres (e.g., glass wool fibres) are reported in fibres per
cubic centimetre (f/cc). This is equivalent to fibres per millilitre, or f/ml, which is another common term.
STEL/Ceiling column
This is the short-term exposure limit or STEL, which is defined in section 5.1 of the OHS Regulation . Note that:



"C" indicates a ceiling limit, which is defined in section 5.1 of the OHS Regulation.
The units ppm and mg/m3 are used as in the TWA column.


In some cases, the term "simple asphyxiant" is used. This is a gas or vapour that can displace oxygen in the air, resulting
in possible suffocation from lack of oxygen. Because simple asphyxiants do not have other significant toxic effects, an exposure
limit is not applicable. The limiting factor is the available oxygen. See section 5.56 of the OHS Regulation (Oxygen
deficiency).
Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations
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Notations column
The notations identify substances considered to be carcinogens, sensitizers and those with adverse reproductive effect under
section 5.57 of the OHS Regulation . Section 5.57 deals with requirements for substitution and keeping exposure as low as
reasonably achievable below the exposure limit. The notations column also indicates substances that contribute significantly to
overall exposure by the skin route, in which case section 5.52 of the OHS Regulation applies. Note that:

ACGIH notations A1 and A2 and IARC notations 1, 2A and 2B indicate substances designated as carcinogens under
section 5.57(1) of the OHS Regulation . The different categories used by the two organizations indicate different levels of
certainty of carcinogenic effect, eg. from confirmed carcinogen to probable or possible. For more information see OHS
Guideline G5.57.

Three terms, "S", "S(D)", and "S(R)", indicate a substance is a sensitizer under section 5.57(1) of the OHS Regulation. "S"
indicates that a substance that has the potential to produce sensitization, as confirmed by human or animal data. "S(D)" indicates
a substance with specific evidence of sensitization by dermal route and "S(R)" indicates a substance with specific evidence of
sensitization by respiratory route. The absence of a sensitization notation does not mean that a substance lacks the ability to
produce sensitization, but may reflect the inconclusiveness of scientific evidence. For more information, see OHS Guideline
G5.57.

The letter "R" means that the substance has an adverse reproductive effect under section 5.57(1) of the OHS Regulation.
For more information see OHS Guideline G5.57.

The term "Skin" identifies substances that contribute significantly to the overall exposure by the skin route. For more
information see OHS Guideline G5.52.
Substance [CAS No.]
Abate (See Temephos)
Acetaldehyde [75-07-0] Revised 2014
Acetamide [60-35-5]
Acetic acid [64-19-7]
Acetic anhydride [108-24-7] Revised 2011
Acetone [67-64-1]
Acetone cyanohydrin [75-86-5]
Acetonitrile [75-05-8]
Acetophenone [98-86-2]
Acetylene [74-86-2]
Acetylene tetrabromide (See 1,1,2,2 Tetrabromoethane)
Acetylsalicylic acid (Aspirin) [50-78-2]
Acrolein [107-02-8]
Acrylamide, Inhalable [79-06-1] Revised 2005
Acrylic acid [79-10-7]
Acrylonitrile [107-13-1]
Adipic acid [124-04-9]
Adiponitrile [111-69-3]
Alachlor, Inhalable [15972-60-8] Revised 2007
Aldrin, Inhalable [309-00-2] Revised 2007
Aliphatic hydrocarbon gases [C1-C4] Revised 2004
Allyl alcohol [107-18-6]
Allyl amine [107-11-9]
Allyl bromide [106-95-6]
Allyl chloride [107-05-1] Revised 2011
Allyl glycidyl ether [106-92-3]
Allyl propyl disulfide [2179-59-1] Revised 2006
Aluminum metal and insoluble compounds [7429-90-5] , Respirable,
Revised 2008
4-Aminodiphenyl [92-67-1]

TWA

STEL/Ceiling Notations
C 25 ppm

10 ppm
1 ppm
250 ppm

15 ppm
3 ppm
500 ppm
C 1ppm

20 ppm
10 ppm

A2, 2B
2B; (I)

Skin
Skin
R

Simple
asphyxiant
5 mg/m3
C 0.1 ppm
3

0.03 mg/m (V)
2 ppm
2 ppm
5 mg/m3
2 ppm

Skin
S(D)
Skin

3

1.0 mg/m (V)
0.05mg/m3 (V)
1000 ppm
0.5 ppm
2 ppm
1 ppm
1 ppm
0.5 ppm

Skin
Skin; 2A
Skin; R
Skin; 2B

Skin

2 ppm

(I)
Skin
S
S(D)

1.0 mg/m3
(L)

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

Skin; A1, 1
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Substance [CAS No.]

TWA

2-Aminopyridine [504-29-0]
Amitrole [61-82-5] Revised 2006
Ammonia [7664-41-7]
Ammonium chloride - Fume [12125-02-9]
Ammonium perfluorooctanoate [3825-26-1]
Ammonium sulfamate [7773-06-0]
tert-Amyl methyl ether (TAME) [994-05-8]
Aniline [62-53-3]
o-Anisidine [90-04-0]
p-Anisidine [104-94-9]
Antimony and compounds, as Sb [7440-36-0]
Antimony hydride (Stibine) [7803-52-3]
Antimony trioxide - Production [1309-64-4]
ANTU [86-88-4]
Argon [7440-37-1]

0.5 ppm

Arsenic and inorganic compounds, as As [7440-38-2]
Arsine [7784-42-1] Revised 2007
Asbestos - All forms [1332-21-4]
Asphalt (Bitumen) fume, as benzene-soluble aerosol, Inhalable
[8052-42-4]
Atrazine [1912-24-9]
Azinphos-methyl, Inhalable [86-50-0]
Barium and soluble compounds, as Ba [7440-39-3]
Barium sulfate [7727-43-7]
Benomyl, Inhalable [17804-35-2] Revised 2008
Benz[a]anthracene [56-55-3] Revised 2006
Benzene [71-43-2]
Benzidine [92-87-5]
Benzidine based dyes
Benzo[b]fluoranthene [205-99-2]
Benzo[a]pyrene [50-32-8] Revised 2006
Benzotrichloride [98-07-7]
Benzoyl chloride [98-88-4]
Benzoyl peroxide [94-36-0]
Benzyl acetate [140-11-4]
Benzyl chloride [100-44-7]
Beryllium and compounds, Inhalable, as Be [7440-41-7] Revised 2009;
2010; 2015

0.01 mg/m3
0.005 ppm
0.1 f/cc (F)

Biphenyl [92-52-4]
Bis(2-dimethylaminoethyl) ether (DMAEE) [3033-62-3]
Bismuth telluride - Se-doped [1304-82-1]
Bismuth telluride - Undoped [1304-82-1]
Borate compounds, Inorganic, Inhalable [1303-96-4; 1330-43-4; 1004335-3; 12179-04-3] Revised 2005
Boron oxide [1303-86-2]
Boron tribromide [10294-33-4]
Boron tricholoride [10294-34-5]
Boron trifluoride [7637-07-02]
Bromacil [314-40-9]
Bromine [7726-95-6]
Bromine pentafluoride [7789-30-2]

STEL/Ceiling Notations

0.2 mg/m3
25 ppm
10 mg/m3
0.01 mg/m3
10 mg/m3 (N)
20 ppm
2 ppm

R
35 ppm
20 mg/m3
Skin
R
R
Skin
Skin; 2B
Skin

0.5 mg/m3
0.5 mg/m3
0.5 mg/m3
0.1 ppm
(L)
0.3 mg/m

Updated 2017/06/01

A2, 2B

3

Simple
asphyxiant

0.5 mg/m

A1, 1
A1, 1
(I)

3

5 mg/m3
0.2 mg/m3 (V)
0.5 mg/m3
10 mg/m3 (N)
1 mg/m3
(L)
0.5 ppm
(L)

R
Skin; S(D)

C 0.1 ppm
C 0.5 ppm

R, S(D)
A2, 2B
Skin; A1, 1
Skin; A1, 1
2A
A2, 2B
A2, 1
Skin; A2, 2A
2A

C 1 ppm

2A

2.5 ppm

(L)
(L)

5 mg/m3
10 ppm

0.00005 mg/m3
0.2 ppm
0.05 ppm
0.15 ppm
5 mg/m3
10 mg/m3 (N)
2 mg/m3

A1, 1; Skin; S(D);
S(R); (I)
Skin

6 mg/m3

10 mg/m3
C 1 ppm
(I)
C 1 ppm
10 mg/m3
0.1 ppm
0.1 ppm

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

0.2 ppm
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Table of exposure limits for chemical and biological substances

Updated 2017/06/01

Substance [CAS No.]

TWA

STEL/Ceiling Notations

Bromochloromethane [74-97-5]
Bromoform [75-25-2] Revised 2009
1-Bromopropane [106-94-5] Revised 2005
1,3-Butadiene [106-99-0]
Butane, isomers:
n-Butane [106-97-8]
Isobutane [75-28-5]
n-Butanol [71-36-3]
sec-Butanol [78-92-2]
tert-Butanol [75-65-0]
Butenes, all isomers, including Isobutene [106-98-9; 107-01-7;
590-18-1; 624-64-6; 25167-67-3; 115-11-7]
2-Butoxyethanol (EGBE) [111-76-2] Revised 2003
2-Butoxyethyl acetate [112-07-2] Revised 2003
n-Butyl acetate [123-86-4]
sec-Butyl acetate [105-46-4]
tert-Butyl acetate [540-88-5]
n-Butyl acrylate [141-32-2]
n-Butylamine [109-73-9]
Butylated hydroxytoluene (BHT), Inhalable, (2,6-Di-tert-butyl-p-cresol)
[128-37-0]
tert-Butyl chromate, as CrO3 [1189-85-1]
n-Butyl glycidyl ether (BGE) [2426-08-6] Revised 2005
n-Butyl lactate [138-22-7]
n-Butyl mercaptan [109-79-5]
n-Butyl methacrylate [97-88-1]
o-sec-Butylphenol [89-72-5]
p-tert-Butyltoluene [98-51-1]
Cadmium and compounds, as Cd [7440-43-9]
Cadmium and compounds, Respirable, as Cd [7440-43-9]
Cadusafos [95465-99-9]
Calcium carbonate (incl. Limestone, Marble) [1317-65-3]
Calcium chromate, as Cr [13765-19-0]
Calcium cyanamide [156-62-7]
Calcium hydroxide [1305-62-0]
Calcium oxide [1305-78-8]
Calcium silicate, naturally occurring as Wollastonite [1344-95-2]
Calcium silicate - Synthetic nonfibrous [1344-95-2]
Calcium sulfate, Inhalable [7778-18-9]
Camphor - Synthetic [76-22-2]
Caprolactam, Dust [105-60-2]
Captafol [2425-06-1]
Captan, Inhalable [133-06-2]
Carbaryl [63-25-2] Revised 2008; 2010
Carbofuran, Inhalable [1563-66-2] Revised 2004
Carbon black, Inhalable [1333-86-4] Revised 2011
Carbon dioxide [124-38-9]
Carbon disulfide [75-15-0]
Carbon monoxide [630-08-0]
Carbon tetrabromide [558-13-4]
Carbon tetrachloride [56-23-5]
Carbonyl fluoride [353-50-4]

200 ppm
0.5 ppm
10 ppm
2 ppm

250 ppm

600 ppm

750 ppm

15 ppm
100 ppm
100 ppm

C 30 ppm

R
A2, 1

(I)

(I)
20 ppm
20 ppm
20 ppm
200 ppm
200 ppm
2 ppm
C 5 ppm

S(D)
Skin

2 mg/m3 (V)
C 0.1 mg/m3
3 ppm
5 ppm
0.5 ppm
50 ppm
5 ppm
1 ppm

R
Skin

0.01 mg/m3
0.002 mg/m3
10 mg/m3 (N)
0.001 mg/m3
0.5 mg/m3
5 mg/m3
2 mg/m3

Skin
Skin; S(D); R

A2, 1
A2, 1
Skin; (I)
20 mg/m3
A2, 1

(I)
10 mg/m3 (E,N)
10 mg/m3
2 ppm
3 ppm
1 mg/m3
0.1 mg/m3
5 mg/m3
5 mg/m3
0.1 mg/m3 (V)
3 mg/m3
5000 ppm
4 ppm
25 ppm
0.1 ppm
2 ppm
2 ppm

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

3 mg/m3
Skin; 2A; S(D); S(R)
S(D)
Skin; R
2B
15,000 ppm
12 ppm
100 ppm
0.3 ppm

Skin
R
Skin; A2, 2B

5 ppm
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Updated 2017/06/01

Table of exposure limits for chemical and biological substances
Substance [CAS No.]

TWA

Carbonyl sulfide [463-58-1] Revised 2015
Catechol [120-80-9]
Cellulose [9004-34-6]
Cesium hydroxide [21351-79-1]
Chlordane [57-74-9]
Chlorinated camphene [8001-35-2]
o-Chlorinated diphenyl oxide [31242-93-0]
Chlorine [7782-50-5]
Chlorine dioxide [10049-04-4]
Chlorine trifluoride [7790-91-2]
Chloroacetaldehyde [107-20-0]
Chloroacetic acid [79-11-8]
Chloroacetone [78-95-5]
2-Chloroacetophenone [532-27-4]
Chloroacetyl chloride [79-04-9]
p-Chloroaniline [106-47-8]
Chlorobenzene [108-90-7]
o-Chlorobenzylidene malononitrile [2698-41-1]
Chlorobromomethane (see Bromochloromethane)
1-Chloro-1,1-difluoroethane [75-68-3]
Chlorodifluoromethane [75-45-6]
Chlorodiphenyl (42% chloride) [53469-21-9]
Chlorodiphenyl (54% chloride) [11097-69-1]
Chloroform [67-66-3]
bis(Chloromethyl) ether [542-88-1]
Chloromethyl methyl ether [107-30-2]
1-Chloro-1-nitropropane [600-25-9]
Chloropentafluoroethane [76-15-3]
Chloropicrin [76-06-2]
1-Chloro-2-propanol [127-00-4] Revised 2008
2-Chloro-1-propanol [78-89-7] Revised 2008
beta-Chloroprene [126-99-8]
2-Chloropropionic acid [598-78-7]
o-Chlorostyrene [2039-87-4]
o-Chlorotoluene [95-49-8]
4-Chloro-o-Toluidine [95-69-2]
Chlorotrifluoromethane [75-72-9]
Chlorpyrifos, Inhalable [2921-88-2] Revised 2003
Chromite ore processing (Chromate), as Cr
Chromium - Metal [7440-47-3]
Chromium (III) inorganic compounds, as Cr [7440-47-3]
Chromium (VI) inorganic compounds - Insoluble, as Cr [7440-47-3]
Chromium (VI) inorganic compounds - Water soluble, as Cr
[7440-47-3]
Chromyl chloride [14977-61-8]
Chrysene [218-01-9] Revised 2006
Citral, inhalable [5292-40-5]
Clopidol [2971-90-6]
Coal dust - Anthracite, Respirable
Coal dust - Bituminous, Respirable
Coal tar pitch volatiles, as benzene-soluble aerosol [65996-93-2]
Cobalt and inorganic compounds, as Co [7440-48-4]

5 ppm
5 ppm

STEL/Ceiling Notations
Skin; 2B
3

10 mg/m (N)
2 mg/m3
0.5 mg/m3
0.5 mg/m3
0.5 mg/m3
0.5 ppm
0.1ppm

1 mg/m

3

Skin; 2B
Skin; 2B

1 ppm
0.3 ppm
C 0.1 ppm
C 1 ppm

0.3 ppm
C 1 ppm
0.05 ppm
0.05 ppm

0.15 ppm

Skin
S
Skin
2B

10 ppm
C 0.05 ppm
1000 ppm
500 ppm
1 mg/m3
0.5 mg/m3
2 ppm
0.001 ppm
(L)
2 ppm
1000 ppm
0.1 ppm
1 ppm
1 ppm
10 ppm
0.1 ppm
50 ppm
50 ppm

Skin; S(D)

1250 ppm
Skin; 2A
Skin; 2A
2B; R
A1, 1
A2, 1

Skin; R
Skin; R
A2; 2B; Skin; R
Skin; R
75 ppm
2A

1000 ppm
0.1 mg/m3 (V)
0.05 mg/m3
0.5 mg/m3
0.5 mg/m3
0.01 mg/m3
0.025 mg/m3
0.025 ppm
(L)
10 mg/m3 (N)
0.4 mg/m3
0.9 mg/m3
0.2 mg/m3
0.02 mg/m3

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

Skin
A1

C 0.1 mg/m3

A1, 1
A1, 1

2B
S(D); (I)

A1, 1
2B
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Table of exposure limits for chemical and biological substances
Substance [CAS No.]
Cobalt carbonyl, as Co [10210-68-1]
Cobalt hydrocarbonyl, as Co [16842-03-8]
Copper - Dusts and mists, as Cu [7440-50-8]
Copper - Fume, as Cu [7440-50-8]
Cotton dust - Raw, Untreated, Thoracic, Revised 2011
Coumaphos, Inhalable [56-72-4] Revised 2006
Cresol, all isomers [1319-77-3; 95-48-7; 108-39-4; 106-44-5]
Crotonaldehyde [4170-30-3]
Crufomate [299-86-5]
Cumene [98-82-8]
Cyanamide [420-04-2]
Cyanogen [460-19-5]
Cyanogen bromide [506-68-3]
Cyanogen chloride [506-77-4]
Cyclohexane [110-82-7]
Cyclohexanol [108-93-0]
Cyclohexanone [108-94-1] Revised 2003
Cyclohexene [110-83-8]
Cyclohexylamine [108-91-8]
Cyclonite [121-82-4]
Cyclopentadiene [542-92-7]
Cyclopentane [287-92-3]
Cyhexatin [13121-70-5]
2,4-D (2,4-Dichlorophenoxy-acetic acid) [94-75-7] (see 2,4Dichlorophenoxyacetic acid and its esters)
DDT (Dichloro-diphenyltrichloroethane) [50-29-3]
Decaborane [17702-41-9]
Demeton, Inhalable [8065-48-3]
Demeton-S-methyl, Inhalable [919-86-8]
Diacetone alcohol [123-42-2]
Diacetyl [431-03-8] Revised 2015
2,4-Diaminoanisole [615-05-4]
2,4-Diaminotoluene [95-80-7]
Diazinon, Inhalable [333-41-5] Revised 2003
Diazomethane [334-88-3]
Diborane [19287-45-7]
1,2-Dibromo-3-chloropropane [96-12-8]
2-N-Dibutylaminoethanol [102-81-8]
Dibutyl phenyl phosphate [2528-36-1]
Dibutyl phosphate [107-66-4] Revised 2009; 2010
Dibutyl phthalate [84-74-2]
Dichloroacetic acid [79-43-6] Revised 2005
Dichloroacetylene [7572-29-4]
o-Dichlorobenzene [95-50-1]
p-Dichlorobenzene [106-46-7]
3,3'-Dichlorobenzidine [91-94-1]
1,4-Dichloro-2-butene [764-41-0]
2,2-Dichlorodiethyl sulfide (Mustard Gas) [505-60-2]
Dichlorodifluoromethane [75-71-8]
1,3-Dichloro-5,5-dimethyl hydantoin [118-52-5]
1,1-Dichloroethane [75-34-3]
1,2-Dichloroethane (see ethylene dichloride)

TWA

STEL/Ceiling Notations
3

2B
2B

0.1 mg/m
0.1 mg/m3
1 mg/m3
0.2 mg/m3
0.1 mg/m3
0.05 mg/m3 (V)
10 mg/m3
5 mg/m3
25 ppm
2 mg/m
10 ppm

Updated 2017/06/01

C 0.3 ppm

Skin
Skin
Skin

75 ppm

2B

3

(I)
C 0.3 ppm
100 ppm
50 ppm
20 ppm
300 ppm
10 ppm

50 ppm

0.5 mg/m3
75 ppm
600 ppm

Skin
Skin

Skin

5 mg/m3

1 mg/m3
0.05 ppm

0.15 ppm

0.05 mg/m3 (V)
0.05 mg/m3 (V)
50 ppm
0.01 ppm
0.02 ppm

2B
2B
2A; Skin
A2

0.01 mg/m3 (V)
0.2 ppm
0.1 ppm
0.5 ppm
0.3 ppm
1 ppm

2 ppm

3

5 mg/m
0.5 ppm

25 ppm
10 ppm
(L)
0.005 ppm

2A
Skin
Skin
Skin; S(D)

2B
Skin
Skin
Skin
R
Skin; 2B; R

C 0.1 ppm
50 ppm
2B
Skin; 2B
Skin; A2
1

1000 ppm
0.2 mg/m3
100 ppm

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

0.4 mg/m3

Page 6 of 21

Table of exposure limits for chemical and biological substances
Substance [CAS No.]

TWA

1,2-Dichloroethylene, all isomers [540-59-0; 156-59-2; 156-60-5]
Dichloroethyl ether [111-44-4]
Dichlorofluoromethane [75-43-4]
Dichloromethane [75-09-2]
2,2'-Dichloro-n-methyldiethylamine (Nitrogen mustard) [51-75-2]
1,1-Dichloro-1-nitroethane [594-72-9]
1,3-Dichloropropene [542-75-6]
2,4-Dichlorophenoxyacetic acid and its esters [94-75-7] Revised 2006
2,2-Dichloropropionic acid, Inhalable [75-99-0]
Dichlorotetrafluoroethane (Cryofluorane) [76-14-2]
Dichlorvos (DDVP), Inhalable [62-73-7]
Dicrotophos, Inhalable [141-66-2]
Dicyclohexylmethane-4,4'-diisocyanate [5124-30-1] (see Methylene bis
(4-cyclohexyl-isocyanate))
Dicyclopentadiene [77-73-6]
Dicyclopentadienyl iron [102-54-5]
Dieldrin [60-57-1]
Diesel fuel, as total hydrocarbons, Inhalable [68334-30-5;
68476-30-2; 68476-31-3; 68476-34-6; 77650-28-3]
Diethanolamine [111-42-2] Revised 2009; 2010
Diethylamine [109-89-7]
2-Diethylaminoethanol [100-37-8]
Diethylene triamine [111-40-0]
Di(2-ethylhexyl)phthalate (DEHP) [117-81-7]
Diethyl ketone [96-22-0]
Diethyl phthalate [84-66-2]
Diethyl sulfate [64-67-5]
Diethylene glycol monobutyl ether [112-34-5]
N,N-Diethylhydroxylamine [3710-84-7]
Difluorodibromomethane [75-61-6]
Diglycidyl ether (DGE) [2238-07-5] Revised 2007
Diisobutyl ketone [108-83-8]
Diisocyanates, not elsewhere specified, NOS
Diisopropylamine [108-18-9]
3,3'-Dimethoxybenzidine [119-90-4]
Dimethoxymethane [109-87-5]
N,N-Dimethylacetamide [127-19-5]
Dimethylamine [124-40-3]
Dimethylaniline [121-69-7]
3,3'-Dimethylbenzidine [119-93-7]
Dimethyl carbamoyl chloride [79-44-7] Revised 2007
Dimethyl disulfide [624-92-0] Revised 2007
Dimethyl ether [115-10-6]
Dimethylethoxysilane [14857-34-2]
Dimethylformamide [68-12-2]
1,1-Dimethylhydrazine [57-14-7]
1,2-Dimethylhydrazine [540-73-8]
Dimethyl phthalate [131-11-3]
Dimethyl sulfate [77-78-1]
Dimethyl sulfide [75-18-3] Revised 2004
Dinitolmide [148-01-6] (See 3,5-Dinitro-o-toluamide)
Dinitrobenzene, all isomers [528-29-0; 99-65-0; 100-25-4;
25154-54-5]

200 ppm
5 ppm
10 ppm
25 ppm

STEL/Ceiling Notations
10 ppm

Skin
2A
2A

2 ppm
1 ppm
10 mg/m3
5 mg/m3
1000 ppm

Updated 2017/06/01

20 mg/m3

0.1 mg/m3 (V)
0.05 mg/m3 (V)

Skin; 2B
(I)

Skin; 2B; S(D)
Skin

5 ppm
10 mg/m3 (N)
0.25 mg/m3
100 mg/m3 (V)
2 mg/m3
5 ppm
2 ppm
1 ppm
5 mg/m3
200 ppm

Skin; R
Skin; (I)

15 ppm

Skin; 2B
Skin
Skin
Skin; S
2B

300 ppm

5 mg/m3
2A
(I)
(I)
100 ppm
0.01 ppm
25 ppm
0.005 ppm
5 ppm
1000 ppm
10 ppm
5 ppm
5 ppm
0.005 ppm
0.5 ppm
1000 ppm
0.5 ppm
10 ppm
0.01 ppm

R
C 0.01ppm

S
Skin
2B

1250 ppm
15 ppm
10 ppm

Skin; R
S(D)
Skin
2B
Skin; A2, 2A
Skin

1.5 ppm
Skin
Skin; 2B
2A

5 mg/m3
C 0.1 ppm

Skin; 2A

10 ppm
0.15 ppm

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

Skin
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Table of exposure limits for chemical and biological substances
Substance [CAS No.]
Dinitrol-o-cresol [534-52-1]
3,5-Dinitro-o-toluamide [148-01-6] Revised 2007
Dinitrotoluene [25321-14-6]
n-Dioctyl phthalate [117-84-0]
1,4-Dioxane [123-91-1]
Dioxathion, Inhalable [78-34-2]
1,3-Dioxolane [646-06-0]
Diphenylamine [122-39-4]
Dipropyl ketone [123-19-3]
Dipropylene glycol methyl ether [34590-94-8]
Diquat, Inhalable [2764-72-9]
Diquat, Respirable [2764-72-9]
Disulfiram [97-77-8]
Disulfoton, Inhalable [298-04-4]
Diuron [330-54-1]
Divinyl benzene [1321-74-0]
Dodecyl mercaptan [112-55-0] Revised 2004
Dyfonate, Inhalable [944-22-9] Revised 2006
Endosulfan [115-29-7] Revised 2009; 2010
Endrin [72-20-8]
Enflurane [13838-16-9]
Epichlorohydrin [106-89-8]
EPN, Inhalable [2104-64-5] Revised 2003
Ethane [74-84-0] Revised 2004 See Aliphatic Hydrocarbon gases
[C1-C4] Revised 2008
Ethanol [64-17-5] Revised 2009
Ethanolamine [141-43-5]
Ethion, Inhalable [563-12-2] Revised 2003
2-Ethoxyethanol (EGEE) [110-80-5]
2-Ethoxyethyl acetate (EGEEA) [111-15-9]
Ethyl acetate [141-78-6]
Ethyl acrylate [140-88-5]
Ethylamine [75-04-7]
Ethyl amyl ketone [541-85-5] Revised 2007
Ethyl benzene [100-41-4] Revised 2011
Ethyl bromide [74-96-4]
Ethyl tert-butyl ether (ETBE) [637-92-3]
Ethyl butyl ketone [106-35-4]
Ethyl chloride [75-00-3]
Ethyl cyanoacrylate [7085-85-0]
Ethyl methacrylate [97-63-2]
Ethylene [74-85-1] Revised 2005
Ethylene chlorohydrin [107-07-3]
Ethylenediamine [107-15-3]
Ethylene dibromide [106-93-4]
Ethylene dichloride (1,2-dichloroethane) [107-06-2]
Ethylene glycol - Aerosol [107-21-1]
Ethylene glycol - Particulate [107-21-1]
Ethylene glycol - Vapour [107-21-1]
Ethylene glycol dinitrate (EGDN) [628-96-6]
Ethylene oxide [75-21-8]
Ethyleneimine [151-56-4] Revised 2009; 2010

TWA

STEL/Ceiling Notations
3

Skin

0.2 mg/m
1 mg/m3
0.2 mg/m3
5 mg/m3
20 ppm

Skin; 2B; R; (I)
Skin; 2B
Skin
R

3

0.1 mg/m (V)
20 ppm
10 mg/m3
50 ppm
100 ppm

150 ppm

3

0.5 mg/m
0.1 mg/m3
2 mg/m3
0.05 mg/m3 (V)
10 mg/m3
10 ppm
0.1 ppm

S(D)
Skin
Skin
Skin

0.1 mg/m (V)
0.1 mg/m3
0.1 mg/m3
2 ppm
0.1 ppm
0.1 mg/m

Skin
Skin
Skin
Skin

3

Skin; 2A; R
Skin

3

1000 ppm
6 ppm

3 ppm
0.05 mg/m3
5 ppm
5 ppm
150 ppm
5 ppm
5 ppm
10 ppm
20 ppm
5 ppm
5 ppm
50 ppm
100 ppm
0.2 ppm
50 ppm
200 ppm

Skin
Skin; R
Skin; R
15 ppm
15 ppm

75 ppm
Skin

2 ppm
3

0.05 ppm
0.1 ppm
0.5 ppm

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

2B; S(D)
Skin
2B
Skin
R

C 1 ppm
10 ppm
0.5 ppm
1 ppm
10 mg/m

Updated 2017/06/01

Skin
Skin; S
Skin; 2A
2B

C 100 mg/m3
20 mg/m3
C 50 ppm
1 ppm

Skin
A2, 1; R
Skin; 2B
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Table of exposure limits for chemical and biological substances

Updated 2017/06/01

Substance [CAS No.]

TWA

STEL/Ceiling Notations

Ethyl ether [60-29-7]
Ethyl formate [109-94-4] Revised 2015
2-Ethylhexanoic acid, Inhalable [149-57-5]
Ethylidene norbornene [16219-75-3]
Ethyl isocyanate [109-90-0]
Ethyl mercaptan [75-08-1]
N-Ethylmorpholine [100-74-3]
Ethyl silicate [78-10-4]
Fenamiphos, Inhalable [22224-92-6] Revised 2006
Fensulfothion, Inhalable [115-90-2] Revised 2005
Fenthion, Inhalable [55-38-9] Revised 2006
Ferbam, Inhalable [14484-64-1] Revised 2009
Ferrovanadium dust [12604-58-9]
Flour dust, Inhalable
Fluorides (as F)
Fluorine [7782-41-4]
Fluroxene [406-90-6]
Folpet [133-07-3]
Fonofos (see Dyfonate) [944-22-9]
Formaldehyde [50-00-0]
Formamide [75-12-7]
Formic acid [64-18-6]
Furfural [98-01-1]
Furfuryl alcohol [98-00-0]
Gallium arsenide, Respirable [1303-00-0] Revised 2005
Gasoline [86290-81-5]
Germanium tetrahydride [7782-65-2]
Glutaraldehyde, Activated & inactivated [111-30-8]
Glycerin - mist [56-81-5]
Glycerin - mist, Respirable [56-81-5]
Glycidol [556-52-5]
Glyoxal, Inhalable [107-22-2]
Grain dust (oat, wheat, barley)
Graphite - All forms except graphite fibres, Respirable [7782-42-5]
Gypsum [13397-24-5]
Hafnium and compounds, as Hf [7440-58-6]
Halothane [151-67-7]
Hard metals, containing Cobalt and Tungsten Carbide, as Co
[7440-48-4; 12070-12-1]
Helium [7440-59-7]

400 ppm

500 ppm
100 ppm

Heptachlor [76-44-8]
Heptachlor epoxide [1024-57-3]
Heptane (n-Heptane) [142-82-5]
Hexachlorobenzene (HCB) [118-74-1]
Hexachlorobutadiene [87-68-3]
Hexachlorocyclopentadiene [77-47-4]
Hexachloroethane [67-72-1]
Hexachloronaphthalene [1335-87-1]
Hexafluoroacetone [684-16-2]
Hexafluoropropylene [116-15-4] Revised 2007

0.05 mg/m3
0.05 mg/m3
400 ppm

5 mg/m3 (V)

R
C 5 ppm
Skin; S(D); (I)

0.5 ppm
5 ppm
10 ppm

Skin

0.05 mg/m3 (V)
0.01 mg/m3 (V)
0.05 mg/m3 (V)
5 mg/m3
1 mg/m3
3 mg/m3
3
0.5 mg/m
2.5 mg/m3
0.1 ppm
2 ppm

Skin
Skin
Skin

S(R)

S(D); (I)
0.3 ppm
10 ppm
5 ppm
2 ppm
5 ppm

C 1 ppm

A1, 1; S(D); S(R)
Skin

10 ppm

500 ppm

Skin
Skin
1
2B

C 0.05 ppm

S(D); S(R)

10 ppm

0.0003 mg/m3
300 ppm
0.2 ppm
10 mg/m3
3 mg/m3
2 ppm

2A
S(D)

3

0.1 mg/m (V)
4 mg/m3 (E)
2 mg/m3
10 mg/m3 (N)
0.5 mg/m3
2 ppm

20 mg/m3
R
A2; S(R); (I)
Simple
asphyxiant

0.002 mg/m
0.02 ppm
0.01 ppm
1 ppm

Skin; 2B
Skin
500 ppm
3

0.2 mg/m3
0.1 ppm
0.1 ppm

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

Skin; 2B
Skin
Skin; 2B
Skin
Skin; R
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Table of exposure limits for chemical and biological substances
Substance [CAS No.]

TWA

STEL/Ceiling Notations
C 0.005 mg/m3
(V)

Hexahydrophthalic anhydride, all isomers, Inhalable
[85-42-7; 13149-00-3; 14166-21-3] Revised 2004
Hexamethyl phosphoramide [680-31-9]
Hexamethylene diisocyanate (HDI) [822-06-0]
n-Hexane [110-54-3]
Hexane, all isomers except n-Hexane
1,6-Hexanediamine [124-09-4]
1-Hexene [592-41-6]
sec-Hexyl acetate [108-84-9]
Hexylene glycol [107-41-5]
Hydrazine [302-01-2]

Updated 2017/06/01

0.005 ppm
20 ppm
200 ppm
0.5 ppm
50 ppm
50 ppm

C 0.01 ppm

S(R)
Skin; 2B
S(R)
Skin

R
C 25 ppm

0.01 ppm

Hydrogen [1333-74-0]

Skin; 2B
Simple
asphyxiant

Hydrogenated terphenyls - Nonirradiated [61788-32-7]
Hydrogen bromide [10035-10-6] Revised 2004
Hydrogen chloride [7647-01-0] Revised 2003
Hydrogen cyanide, as CN [74-90-8]
Cyanide salts, as CN [592-01-8; 151-50-8; 143-33-9]
Hydrogen fluoride, as F [7664-39-3]
Hydrogen peroxide [7722-84-1]
Hydrogen selenide [7783-07-5]
Hydrogen sulfide [7783-06-4]
Hydroquinone [123-31-9] Revised 2008
2-Hydroxypropyl acrylate [999-61-1]
Indene [95-13-6] Revised 2008; 2010
Indium and compounds, as In [7440-74-6]
Iodides
Iodine [7553-56-2] Revised 2008; 2010
Iodoform [75-47-8]
Iron oxide dust, as Fe [1309-37-1]
Iron oxide fume , as Fe [1309-37-1]
Iron pentacarbonyl [13463-40-6]
Iron salts - soluble, as Fe
Isoamyl alcohol [123-51-3]
Isobutanol [78-83-1]
Isobutyl acetate [110-19-0]
Isobutyl nitrite, Inhalable [542-56-3]
Isooctyl alcohol [26952-21-6]
Isophorone [78-59-1]
Isophorone diisocyanate [4098-71-9]
Isopropanol (Isopropyl alcohol) [67-63-0] Revised 2003
2-Isopropoxyethanol [109-59-1]
Isopropyl acetate [108-21-4] Revised 2003
Isopropylamine [75-31-0]
N-Isopropylaniline [768-52-5]
Isopropyl ether [108-20-3]
Isopropyl glycidyl ether (IGE) [4016-14-2]
Kaolin, Respirable [1332-58-7]
Kerosene [8008-20-6]/Jet fuels [64742-47-8], as total hydrocarbon
vapour, Revised 2003

0.5 ppm

Ketene [463-51-4]

0.5 ppm

C 2 ppm
C 2 ppm
C 4.7 ppm
C 5 mg/m3
C 2 ppm

Skin
Skin

1 ppm
0.05 ppm
C 10 ppm
3

1 mg/m
0.5 ppm
10 ppm

S(D)
Skin; S(D)

0.1 mg/m3

2B; (I)
(I)
C 0.1 ppm

0.6 ppm
5 mg/m3
5 mg/m3
0.01 ppm
1 mg/m3
100 ppm
50 ppm
150 ppm

10 mg/m3
2 mg/m3
125 ppm

C 1 ppm (V)
50 ppm
0.005 ppm
200 ppm
25 ppm
100 ppm
5 ppm
2 ppm
250 ppm

Skin
C 5 ppm
C 0.01 ppm
400 ppm

Skin
200 ppm
10 ppm
Skin
310 ppm
C 50 ppm

2 mg/m3 (E)
200 mg/m3 (P)

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

S(R)

Skin
1.5 ppm
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Table of exposure limits for chemical and biological substances
Substance [CAS No.]

TWA

STEL/Ceiling Notations
3

Lead - elemental and inorganic compounds, as Pb [7439-92-1]

0.05 mg/m

Lead chromate, as Cr [7758-97-6]

0.012 mg/m3

Lead chromate, as Pb [7758-97-6]
Lindane [58-89-9]
Liquified petroleum gas (L.P.G.) [68476-85-7]
Lithium hydroxide [1310-65-2]
Lithium hydride [7580-67-8]
Magnesite [546-93-0] Revised 2006 (See Particles Not Otherwise
Classified (PNOC))
Magnesium oxide (fume), Inhalable [1309-48-4] Revised 2003
Magnesium oxide, Respirable dust and fume, as Mg [1309-48-4]
Malathion, Inhalable [121-75-5] Revised 2003
Maleic anhydride [108-31-6]
Manganese - Elemental & inorganic compounds, as Mn [7439-96-5]
Manganese cyclopentadienyl tricarbonyl, as Mn [12079-65-1]
Mercury - Alkyl compounds, as Hg [7439-97-6]
Mercury - Aryl compounds, as Hg [7439-97-6]
Mercury - Elemental, as Hg [7439-97-6]
Mercury - Inorganic compounds, as Hg [7439-97-6]
Mercury – Methyl, as Hg [7439-97-6]
Mesityl oxide [141-79-7]
Methacrylic acid [79-41-4]
Methane [74-82-8] Revised 2004 See Aliphatic Hydrocarbon gases
[C1-C4] Revised 2008
Methanol [67-56-1]
Methomyl [16752-77-5]
Methoxychlor [72-43-5]
2-Methoxyethanol (EGME) [109-86-4] Revised 2006
2-Methoxyethyl acetate (EGMEA) [110-49-6] Revised 2006
Methoxyflurane [76-38-0]
4-Methoxyphenol [150-76-5]
1-Methoxy-2-propanol (PGME) [107-98-2]
2-Methoxy-1-propanol [1589-47-5]
1-Methoxypropyl-2-acetate [108-65-6]
2-Methoxypropyl-1-acetate [70657-70-4]
bis-(2-Methoxypropyl) ether (DPGME) (see Dipropylene glycol methyl
ether) [34590-94-8]
Methyl acetate [79-20-9]
Methyl acetylene [74-99-7]
Methyl acetylene-propadiene mixture (MAPP) [59355-75-8]
Methyl acrylate [96-33-3]
Methylacrylonitrile [126-98-7]
Methylal (see Dimethoxymethane) [109-87-5]
Methylamine [74-89-5]
Methyl n-amyl ketone [110-43-0]
N-Methyl aniline [100-61-8]
Methyl bromide [74-83-9]
Methyl tert-butyl ether (MTBE) [1634-04-4]
Methyl n-butyl ketone [591-78-6] Revised 2008
Methyl chloride [74-87-3]

Updated 2017/06/01

0.05 mg/m
0.5 mg/m3
1000 ppm

Elemental 2B; R
Other inorganic 2A;
R
A2, 1; R; (I)
A2, 1; R; (I)
Skin

3

1250 ppm
C 1 mg/m3

0.025 mg/m3

10 mg/m3
3 mg/m3
1 mg/m3 (V)
0.1 ppm
0.2 mg/m3
0.1 mg/m3
0.01 mg/m3
0.05 mg/m3
0.025 mg/m3
0.025 mg/m3
0.01 mg/m3
10 ppm
20 ppm

200 ppm

10 mg/m3

0.03 mg/m3
C 0.1 mg/m3

0.03 mg/m3
25 ppm

250 ppm
3

2.5 mg/m
10 mg/m3
0.1 ppm
0.1 ppm
2 ppm
5 mg/m3
50 ppm
20 ppm
50 ppm
20 ppm

Skin
Skin; R
Skin; R
Skin; R

75 ppm
40 ppm
75 ppm
40 ppm

200 ppm
1000 ppm
1000 ppm
2 ppm
1 ppm

250 ppm

5 ppm
50 ppm
0.5 ppm
1 ppm
50 ppm
5 ppm
50 ppm

15 ppm

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

2A; Skin
S(D); S(R)
R
Skin
Skin
Skin
Skin; R
Skin; R
Skin; 2B

1250 ppm
Skin; S(D)
Skin

10 ppm
100 ppm

Skin
Skin
R
Skin; R
Skin; R
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Table of exposure limits for chemical and biological substances

Updated 2017/06/01

Substance [CAS No.]

TWA

STEL/Ceiling Notations

Methyl chloroform [71-55-6]
Methyl 2-cyanoacrylate [137-05-3]
Methylcyclohexane [108-87-2]
Methylcyclohexanol [25639-42-3]
o-Methylcyclohexanone [583-60-8]
2-Methylcyclopentadienyl manganese tricarbonyl, as Mn [12108-13-3]
Methyl demeton, Inhalable [8022-00-2] Revised 2007
Methylene bisphenyl isocyanate (MDI) [101-68-8]
4,4'-Methylene bis(2-chloroaniline) (MBOCA; MOCA) [101-14-4]
Revised 2009
Methylene bis (4-cyclo-hexyl-isocyanate) [5124-30-1]
Methylene chloride (See Dichloromethane)
4,4'-Methylene dianiline [101-77-9]
Methyl ethyl ketone (MEK) [78-93-3]
Methyl ethyl ketone peroxide (MEKP) [1338-23-4]
Methyl formate [107-31-3]
Methyl hydrazine [60-34-4]
Methyl iodide [74-88-4]
Methyl isoamyl ketone [110-12-3]
Methyl isobutyl carbinol [108-11-2]
Methyl isobutyl ketone [108-10-1] Revised 2011
Methyl isocyanate [624-83-9]
Methyl isopropyl ketone [563-80-4] Revised 2011
Methyl mercaptan [74-93-1]
Methyl methacrylate [80-62-6]
1-Methyl naphthalene [90-12-0] Revised 2007
2-Methyl naphthalene [91-57-6] Revised 2007
Methyl parathion [298-00-0] Revised 2009; 2010
Methyl propyl ketone (2-pentanone) [107-87-9]
Methyl silicate [681-84-5]
alpha-Methyl styrene [98-83-9] Revised 2015
Methyl vinyl ketone [78-94-4]
Metribuzin [21087-64-9]
Mevinphos, Inhalable [7786-34-7] Revised 2003
Mica, Respirable [12001-26-2]
Molybdenum - Metal and insoluble compounds, Respirable
[7439-98-7]
Molybdenum - Metal and insoluble compounds, Inhalable [7439-98-7]
Molybdenum - Soluble compounds, as Mo, Respirable [7439-98-7]
Monochloroacetic acid [79-11-8] See Chloroacetic acid
Monocrotophos, Inhalable [6923-22-4]
Morpholine [110-91-8]
Naled, Inhalable [300-76-5]
Naphthalene [91-20-3]
1,5-Naphthalene diisocyanate [3173-72-6]
beta-Naphthylamine [91-59-8]
Natural gas [8006-14-2] Revised 2004 See Aliphatic Hydrocarbon gases
[C1-C4] Revised 2008
Natural rubber latex, as total proteins, Inhalable [9006-04-6] Revised
2004; 2008; 2010
Neon [7440-01-9]

350 ppm
0.2 ppm
400 ppm
50 ppm
50 ppm

450 ppm

Nickel - Insoluble inorganic compounds, as Ni [7440-02-0]

0.05 mg/m3

75 ppm

0.2 mg/m
0.05 mg/m3 (V)
0.005 ppm
C 0.01 ppm
0.01 ppm

Skin
Skin
Skin
Skin; S(R)
Skin; A2, 1

0.005 ppm

S(R)

3

0.01 ppm
50 ppm
100 ppm
0.01 ppm
2 ppm
50 ppm
25 ppm
20 ppm
0.02 ppm
20 ppm
0.5 ppm
50 ppm
0.5 ppm
0.5 ppm
0.2 mg/m3
150 ppm
1 ppm
10 ppm

C 0.01 ppm

Skin; 2B
100 ppm
C 0.2 ppm
150 ppm

Skin
Skin
Skin

40 ppm
75 ppm

Skin
2B
Skin; S(D)
R

100 ppm

S(D)
Skin
Skin
Skin

250 ppm

C 0.2 ppm
5 mg/m3
0.01 mg/m3 (V)
3 mg/m3
3 mg/m3

R; 2B
Skin; S
Skin

10 mg/m3
0.5 mg/m3
0.05 mg/m3 (V)
20 ppm
0.1 mg/m3 (V)
10 ppm
0.005 ppm
(L)

15 ppm
C 0.01 ppm

Skin
Skin
Skin; S(D)
Skin; 2B
A1, 1

0.001 mg/m3

Skin; S(D); S(R)
Simple
asphyxiant

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

A1, 1; (I)
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Table of exposure limits for chemical and biological substances
Substance [CAS No.]
Nickel - Elemental, Soluble inorganic compounds, as Ni [7440-02-0]
Nickel carbonyl, as Ni [13463-39-3]
Nickel subsulfide, as Ni, Inhalable [12035-72-2]
Nicotine [54-11-5]
Nitrapyrin [1929-82-4]
Nitric acid [7697-37-2]
Nitric oxide [10102-43-9]
p-Nitroaniline [100-01-6]
Nitrobenzene [98-95-3]
p-Nitrochlorobenzene [100-00-5]
4-Nitrodiphenyl [92-93-3]
Nitroethane [79-24-3]
Nitrogen [7727-37-9]
Nitrogen dioxide [10102-44-0]
Nitrogen trifluoride [7783-54-2]
Nitroglycerin (NG) [55-63-0]
Nitromethane [75-52-5]
1-Nitropropane [108-03-2]
2-Nitropropane [79-46-9]
Nitropyrene, mono, di, tri, tetra, isomers [5522-43-0; 57835-92-4]
n-Nitrosodiethanolamine [1116-54-7]
n-Nitrosodiethylamine [55-18-5]
n-Nitrosodimethylamine [62-75-9]
n-Nitrosomethylethylamine [10595-95-6]
n-Nitrosomorpholine [59-89-2]
n-Nitrosopiperidine [100-75-4]
n-Nitrosopyrrolidine [930-55-2]
Nitrotoluene, all isomers [88-72-2; 99-08-1; 99-99-0]
5-Nitro-o-toluidine, Inhalable [99-55-8] Revised 2007
Nitrous oxide [10024-97-2]
Nonane [111-84-2] Revised 2015
Octachloronaphthalene [2234-13-1]
Octane, all isomers [111-65-9]
Oil mist - mineral, mildly refined
Oil mist - mineral, severely refined
Osmium tetroxide [20816-12-0]
Oxalic acid, anhydrous [144-62-7] Revised 2015
Oxalic acid, dihydrate [6153-56-6]
p,p'-Oxybis(benzenesulfonyl hydrazide), Inhalable [80-51-3] Revised
2008
Oxygen difluoride [7783-41-7]
Ozone - Heavy work [10028-15-6]
Ozone - Moderate work [10028-15-6]
Ozone - Light work [10028-15-6]
Ozone - Light, mod., or heavy workload =/< 2 hrs [10028-15-6]
Paraffin wax fume [8002-74-2]
Paraquat, Respirable [4685-14-7]
Paraquat [4685-14-7]
Parathion, Inhalable [56-38-2] Revised 2003
Particles (Insoluble or Poorly Soluble) Not Otherwise Classified
(PNOC)

TWA
0.05 mg/m
0.001 ppm

Updated 2017/06/01

STEL/Ceiling Notations
3

0.1 mg/m3
0.5 mg/m3
10 mg/m3 (N)
2 ppm
25 ppm

1, 2B; (I)
1; (I)
A1, 1
Skin
20 mg/m3
4 ppm

3 mg/m3
1 ppm
0.1 ppm
(L)
100 ppm

Skin
Skin; 2B
Skin
Skin; A2
Simple
asphyxiant
C 1 ppm

10 ppm
0.05 ppm
20 ppm
25 ppm
5 ppm

Skin
2B
2B
(I)
2B
2A
Skin; 2A
2B
2B
2B
2B
Skin; 2A; (I)

(L)

2 ppm
1 mg/m3
25 ppm
200 ppm
0.1 mg/m3
300 ppm

R
0.3 mg/m3

0.2 mg/m3
1 mg/m3
0.0002 ppm

0.0006 ppm

1 mg/m3

2 mg/m3

Skin
1

(I)
R

0.1 mg/m3
C 0.05 ppm
0.05 ppm
0.08 ppm
0.1 ppm
0.2 ppm
2 mg/m3
0.1 mg/m3
0.5 mg/m3
0.05 mg/m3 (V)
10 mg/m3 (N)

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

2B; Skin
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Table of exposure limits for chemical and biological substances

Updated 2017/06/01

Substance [CAS No.]

TWA

STEL/Ceiling Notations

Pentaborane [19624-22-7]
Pentachloronaphthalene [1321-64-8]
Pentachloronitrobenzene [82-68-8]
Pentachlorophenol [87-86-5]
Pentaerythritol [115-77-5]
Pentane, all isomers [78-78-4; 109-66-0; 463-82-1]
2,4-Pentanedione [123-54-6]
Pentyl acetate, all isomers [628-63-7; 626-38-0; 123-92-2; 625-16-1;
624-41-9; 620-11-1]
Peracetic acid [79-21-0]
Perchloroethylene (See Tetrachloroethylene)
Perchloromethyl mercaptan [594-42-3]
Perchloryl fluoride [7616-94-6]
Perfluorobutyl ethylene [19430-93-4] Revised 2004
Perfluoroisobutylene [382-21-8]
Perlite [93763-70-3] Revised 2006 (See Particles Not Otherwise
Classified (PNOC))
Persulfates, as persulfate
Phenol [108-95-2]
Phenothiazine [92-84-2]
N-Penyl-beta-naphthylamine [135-88-6]
o-Phenylenediamine [95-54-5]
m-Phenylenediamine [108-45-2]
p-Phenylenediamine [106-50-3]
Phenyl ether - Vapour (Diphenyl ether) [101-84-8]
Phenyl glycidyl ether (PGE) [122-60-1] Revised 2008
Phenyl isocyanate [103-71-9]
Phenylhydrazine [100-63-0]
Phenyl mercaptan [108-98-5]
Phenylphosphine [638-21-1]
Phorate, Inhalable [298-02-2] Revised 2005
Phosgene [75-44-5]
Phosphine [7803-51-2]
Phosphoric acid [7664-38-2]
Phosphorus (yellow) [12185-10-3]
Phosphorus oxychloride [10025-87-3]
Phosphorus pentachloride [10026-13-8]
Phosphorus pentasulfide [1314-80-3]
Phosphorus trichloride [7719-12-2]
Phthalic anhydride [85-44-9]
m-Phthalodinitrile [626-17-5] Revised 2009
o-Phthalodinitrile [91-15-6]
Picloram [1918-02-1]
Picric acid [88-89-1]
Pindone [83-26-1]
Piperazine and its Salts, as Piperazine [110-85-0]
Piperidine [110-89-4]
Plaster of Paris [26499-65-0]
Platinum - Metal [7440-06-4]
Platinum - Soluble salts (as Pt) [7440-06-4]
Polyvinyl chloride (PVC), Respirable [9002-86-2] Revised 2008
Portland cement, Respirable [65997-15-1] Revised 2015

0.005 ppm

0.015 ppm

0.5 mg/m3
0.5 mg/m3
0.5 mg/m3
10 mg/m3 (N)
600 ppm

Skin
Skin; 2B

(I)
50 ppm

100 ppm
(I)

0.1 ppm
3 ppm
100 ppm

6 ppm
C 0.01 ppm

0.1 mg/m3
5 ppm

Skin
Skin

5 mg/m3
0.1 mg/m3
0.1 mg/m3
0.1 mg/m3
1 ppm
0.1 ppm
0.005 ppm
0.1 ppm

S(D)
2 ppm
C 0.01 ppm
C 0.1 ppm
C 0.05 ppm

0.05 mg/m3 (V)
0.1 ppm
0.3 ppm
1 ppm
1 mg/m3
0.1 mg/m3
0.1 ppm
0.1 ppm

3 mg/m3

1 mg/m3
0.2 ppm
1 ppm

3 mg/m3
0.5 ppm

2B; Skin; S(D); R
Skin; S(D); S(R)
Skin
R
Skin

S(D); S(R); Skin

3

5 mg/m (V)
(I)
10 mg/m3 (N)
0.1 mg/m3
0.1 mg/m3
0.3 mg/m3
1 ppm
10 mg/m3 (N)
1 mg/m3
0.002 mg/m3
1 mg/m3
1 mg/m3 (E)

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

S(D)
1 mg/m3

S(D); S(R)

20 mg/m3
S
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Table of exposure limits for chemical and biological substances
Substance [CAS No.]
Potassium hydroxide [1310-58-3]
Propane [74-98-6] Revised 2004 See Aliphatic Hydrocarbon gases
[C1-C4] Revised 2008
Propane sultone [1120-71-4]
n-Propanol (n-Propyl alcohol) [71-23-8] Revised 2007
Propargyl alcohol [107-19-7]
beta-Propiolactone [57-57-8]
Propionaldehyde [123-38-6]
Propionic acid [79-09-4]
Propoxur [114-26-1]
n-Propyl acetate [109-60-4]
Propylene [115-07-1] Revised 2006
Propylene dichloride [78-87-5] Revised 2006
Propylene glycol dinitrate [6423-43-4]
Propylene oxide [75-56-9]
Propyleneimine [75-55-8] Revised 2009; 2010
n-Propyl nitrate [627-13-4]
Pyrethrum [8003-34-7]
Pyridine [110-86-1] Revised 2004
Quinone [106-51-4]
Resorcinol [108-46-3]
Rhodium, Metal and insoluble compounds as Rh [7440-16-6]
Rhodium - Soluble compounds, as Rh [7440-16-6]
Ronnel, Inhalable [299-84-3] Revised 2006
Rosin core solder thermal decomposition products (colophony)
[8050-09-7]
Rotenone (commercial) [83-79-4]
Rouge [1309-37-1]
Rubber solvent (Naphtha) [8030-30-6] Revised 2009
Selenium and compounds, as Se [7782-49-2]
Selenium hexafluoride [7783-79-1]
Sesone [136-78-7]
Silica, Amorphous - Diatomaceous earth (uncalcined) Total
[61790-53-2]
Silica, Amorphous - Diatomaceous earth (uncalcined), Respirable
[61790-53-2]
Silica, Amorphous - Fume Total [69012-64-2]
Silica, Amorphous - Fume, Respirable [69012-64-2]
Silica, Amorphous - Precipitated and gel, Total [112926-00-8]
Silica, Amorphous - Precipitated and gel, Respirable [112926-00-8]
Silica, Crystalline - alpha quartz [14808-60-7; 1317-95-9] and
Cristobalite, Respirable [14464-46-1] Revised 2006
Silicon [7440-21-3] Revised 2006 (See Particles Not Otherwise
Classified (PNOC))
Silicon carbide Nonfibrous, Inhalable, [409-21-2] Revised 2003
Silicon carbide, Nonfibrous, Respirable, [409-21-2] Revised 2003
Silicon carbide, Fibrous (including whiskers) [409-21-2] Revised 2003
Silicon tetrahydride (Silane) [7803-62-5]
Silver and Compounds (as Ag) [7440-22-4]
Simazine [122-34-9]
Soapstone (see Talc) Revised 2011
Sodium azide (as Sodium azide) [26628-22-8]
Sodium azide (as Hydrazoic acid vapour) [26628-22-8]

TWA

Updated 2017/06/01

STEL/Ceiling Notations
C 2 mg/m3

(L)
100 ppm
1 ppm
0.5 ppm
20 ppm
10 ppm

2A
Skin
2B

0.5 mg/m3
200 ppm
500 ppm
75 ppm
0.05 ppm
2 ppm
2 ppm
25 ppm

250 ppm
110 ppm

1; S(D)
Skin
2B; S(D)
2B

40 ppm

3

S

5 mg/m
1 ppm
0.1 ppm
10 ppm

20 ppm
3

0.1 mg/m
0.001 mg/m3
5 mg/m3 (V)
(L)

0.3 mg/m3
0.003 mg/m3
S(D); S(R)

5 mg/m3
10 mg/m3 (E,N)
(H)
0.1 mg/m3
0.05 ppm
10 mg/m3 (N)
4 mg/m3
1.5 mg/m3
4 mg/m3
1.5 mg/m3
4 mg/m3
1.5 mg/m3
0.025 mg/m3

A2, 1

10 mg/m3 (E)
3 mg/m3 (E)
0.1 f/cc (F)
0.5 ppm

1 ppm

0.01 mg/m3

0.03 mg/m3

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

A2

(I)
C 0.29 mg/m3
C 0.11 ppm
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Table of exposure limits for chemical and biological substances
Substance [CAS No.]

TWA

STEL/Ceiling Notations
3

Sodium bisulfite [7631-90-5]
Sodium fluoroacetate [62-74-8]
Sodium hydroxide [1310-73-2]
Sodium metabisulfite [7681-57-4]
Starch [9005-25-8]
Stearates
Stoddard solvent (mineral spirits) [8052-41-3]
Strontium chromate, as Cr [7789-06-2]
Strychnine [57-24-9]
Styrene - monomer [100-42-5]
Subtilisins, as crystalline active enzyme [1395-21-7; 9014-01-1]

5 mg/m
0.05 mg/m3

Sucrose [57-50-1]
Sulfometuron methyl [74222-97-2]
Sulfotepp (TEDP), Inhalable [3689-24-5] Revised 2005
Sulfur dioxide [7446-09-5]
Sulfur hexafluoride [2551-62-4]
Sulfuric acid, Thoracic [7664-93-9] Revised 2004
Sulfur monochloride [10025-67-9]
Sulfur pentafluoride [5714-22-7]
Sulfur tetrafluoride [7783-60-0]
Sulfuryl fluoride [2699-79-8]
Sulprofos [35400-43-2] Revised 2009; 2010
Synthetic Vitreous Fibres - Continuous filament glass fibres
Synthetic Vitreous Fibres - Continuous filament glass fibres, Inhalable
Synthetic Vitreous Fibres - Glass wool fibres
Synthetic Vitreous Fibres - Rock wool fibres
Synthetic Vitreous Fibres - Slag wool fibres
Synthetic Vitreous Fibres - Special purpose glass fibres
Synthetic Vitreous Fibres - Refractory ceramic fibres
2,4,5-T (2,4,5-Trichlorophenoxyacetic acid) [93-76-5]
Talc - Containing no asbestos fibres, Respirable [14807-96-6]
Talc - Containing asbestos fibres [14807-96-6]
Tantalum - Metal [7440-25-7]
Tantalum oxide dusts, as Ta [1314-61-0]
Tellurium and compounds (NOS), as Te, excluding hydrogen telluride
[13494-80-9]
Tellurium hexafluoride [7783-80-4]
Temephos, Inhalable [3383-96-8] Revised 2005
Terbufos, Inhalable [13071-79-9]
Terepthalic acid [100-21-0]
Terphenyls [26140-60-3]
1,1,2,2-Tetrabromoethane, Inhalable [79-27-6] Revised 2006
1,1,1,2-Tetrachloro-2,2-difluoroethane [76-11-9] Revised 2008; 2010
1,1,2,2-Tetrachloro-1,2-difluoroethane [76-12-0] Revised 2008; 2010
1,1,2,2-Tetrachloroethane [79-34-5]
Tetrachloroethylene (Perchloroethylene) [127-18-4]
Tetrachloronaphthalene [1335-88-2]
Tetraethyl lead, as Pb [78-00-2]
Tetraethyl pyrophosphate (TEPP), Inhalable [107-49-3] Revised 2007
Tetrafluoroethylene [116-14-3]

10 mg/m3 (N)
5 mg/m3
0.1 mg/m3 (V)
2 ppm
1000 ppm

Skin
C 2 mg/m

5 mg/m3
10 mg/m3 (N)
10 mg/m3 (J)
290 mg/m3
0.0005 mg/m3
0.15 mg/m3
50 ppm

3

580 mg/m3
A2
75 ppm
C 0.00006
mg/m3

Skin
5 ppm

0.2 mg/m3 (M)

5 ppm

2B
S(R)

A2, 1
C 1ppm
C 0.01 ppm
C 0.1 ppm
10 ppm

1 mg/m3
1 f/cc (F)

Skin

5 mg/m3
1 f/cc (F)
1 f/cc (F)
1 f/cc (F)
1 f/cc (F)
0.2 f/cc (F)

2B
A2, 2B

10 mg/m3
2 mg/m3 (E)
0.1 f/cc (K)

A1, 1

5 mg/m3
5 mg/m3
0.1 mg/m3
0.02 ppm
1 mg/m3 (V)
0.01 mg/m3 (V)
10 mg/m3 (N)

Skin
Skin
C 5 mg/m3

0.1 ppm (V)
500 ppm
200 ppm
1 ppm
25 ppm
2 mg/m3
0.075 mg/m3
0.01 mg/m (V)
2 ppm

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

100 ppm

Skin; 2B
2A
Skin
Skin
2A
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Table of exposure limits for chemical and biological substances
Substance [CAS No.]

TWA

STEL/Ceiling Notations

Tetrahydrofuran [109-99-9] Revised 2005
Tetramethyl lead, as Pb [75-74-1]
Tetramethyl succinonitrile [3333-52-6]
Tetranitromethane [509-14-8]
Tetrakis (hydroxymethyl) phosphonium chloride [124-64-1] Revised
2005
Tetrakis (hydroxymethyl) phosphonium sulfate [55566-30-8] Revised
2005
Tetryl [479-45-8]
Thallium and soluble compounds, as Tl, Inhalable [7440-28-0] Revised
2011
4,4'-Thiobis (6-tert-butyl-m-cresol) Inhalable [96-69-5] Revised 2011
Thioglycolic acid [68-11-1]
Thionyl chloride [7719-09-7]
Thiram [137-26-8] Revised 2008; 2010
Tin - Metal [7440-31-5]
Tin - Oxide and inorganic compounds, except tin hydride, as Sn
[7440-31-6]
Tin - Organic compounds, as Sn [7440-31-6]
Titanium dioxide [13463-67-7] Revised 2006
o-Tolidine [119-93-7]
Toluene [108-88-3] Revised 2007; 2008
Toluene-2,4-diisocyanate (2,4-TDI) [584-84-9]
Toluene-2,6-diisocyanate (2,6-TDI) [91-08-7]
2,4- and 2,6- Toluene diisocyanate as a mixture [584-84-9; 91-08-7]

50 ppm

100 ppm

o-Toluidine [95-53-4] Revised 2009
m-Toluidine [108-44-1]
p-Toluidine [106-49-0]
Tributyl phosphate [126-73-8]
Trichloroacetic acid [76-03-9]
1,2,4-Trichlorobenzene [120-82-1]
1,1,2-Trichloroethane [79-00-5]
Trichloroethylene [79-01-6] Revised 2007
Trichlorofluoromethane [75-69-4]
Trichloronaphthalene [1321-65-9]
1,2,3-Trichloropropane [96-18-4]
1,1,2-Trichloro-1,2,2-trifluoroethane [76-13-1]
Trichlorphon, Inhalable [52-68-6] Revised 2003
Triethanolamine [102-71-6]
Triethylamine [121-44-8]
Trifluorobromomethane [75-63-8]
1,3,5-Triglycidyl-s-triazinetrione [2451-62-9]
Trimellitic anhydride [552-30-7] Revised 2008; 2010
Trimethylamine [75-50-3]
Trimethyl benzene (mixed isomers) [25551-13-7]
Trimethyl hexamethylene diisocyanate [28679-16-5]
Trimethyl phosphite [121-45-9]
Tri-n-Butyltin compounds [688-73-3]
2,4,6-Trinitrotoluene (TNT) [118-96-7]
Triorthocresyl phosphate [78-30-8]
Triphenyl phosphate [115-86-6]

2 ppm
2 ppm
2 ppm
0.2 ppm
1 ppm

0.075 mg/m
0.5 ppm
0.005 ppm

Skin
Skin
Skin
2B

3

2 mg/m3
2 mg/m3

S(D)

1.5 mg/m3
0.02 mg/m3

S
Skin

1 mg/m3
1 ppm

Skin
Skin
C 1ppm

1 mg/m3
2 mg/m3
2 mg/m3
0.1 mg/m3
10 mg/m3 (N)
20 ppm
0.005 ppm
0.005 ppm

S(D)

0.2 mg/m3

Skin
2B
Skin; 2B
R
2B; S(D); S(R); Skin
2B; S(D); S(R); Skin
2B; S(D); S(R);
Skin; (I)

C 0.01 ppm
C 0.01 ppm

Skin; 1
Skin
Skin
2B
C 5 ppm

10 ppm
10 ppm

Skin
A2, 1

25 ppm
C 1000 ppm

5 mg/m3
10 ppm
500 ppm

Skin
Skin; A2, 2A
1250 ppm

3

1 mg/m
5 mg/m3
1 ppm
1000 ppm

3 ppm

Skin

0.05 mg/m3
5 ppm
25 ppm
0.005 ppm
2 ppm
0.05 mg/m3
0.1 mg/m3
0.1 mg/m3
3 mg/m3

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

C 0.04 mg/m
15 ppm

3

R; S
Skin; S(D); S(R)

C 0.01 ppm

Skin
Skin
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Table of exposure limits for chemical and biological substances
Substance [CAS No.]
Tungsten - Metal and insoluble compounds [7440-33-7]
Tungsten - Soluble compounds, as W [7440-33-7]
Turpentine [8006-64-2] and selected monoterpenes [80-56-8;
127-91-3; 13466-78-9] Revised 2003
Uranium (Natural) - Insoluble compounds, as U [7440-61-1]
Uranium (Natural) - Soluble compounds, as U [7440-61-1]
n-Valeraldehyde [110-62-3]
Vanadium pentoxide, as V, Inhalable [1314-62-1] Revised 2015
Vegetable oil - Mist, except castor, cashew nut, or similar irritant oils
[8008-89-7]
Vegetable oil, Mist, Respirable, except castor, cashew nut, or similar
irritating oil [8008-89-7]
Vinyl acetate [108-05-4]
Vinyl bromide [593-60-2]
Vinyl chloride [75-01-4]
4-Vinyl cyclohexene [100-40-3]
Vinyl cyclohexene dioxide [106-87-6]
Vinyl fluoride [75-02-5]
N-Vinyl-2-pyrrolidone [88-12-0] Revised 2003
Vinylidene chloride [75-35-4]
Vinylidene fluoride [75-38-7]
Vinyl toluene, all isomers [25013-15-4]
VM & P Naphtha [8032-32-4] Revised 2009
Warfarin [81-81-2]
Wood dust - Allergenic species
Wood dust - Non-Allergenic Hardwood
Wood dust - Non-Allergenic Softwood
Xylene [1330-20-7] (o, m & p isomers) [95-47-6; 108-38-3; 106-42-3]
m-Xylene alpha,alpha'-diamine [1477-55-0]
Xylidine - Mixed isomers, Inhalable [1330-73-8]
Yttrium - Metal [7440-65-5]
Yttrium and compounds, as Y [7440-65-5]
Zinc chloride - Fume [7646-85-7]
Zinc chromates, as Cr [13530-65-9; 11103-86-9; 37300-23-5]
Zinc oxide, Respirable [1314-13-2] Revised 2003
Zinc stearate [557-05-1]
Zirconium [7440-67-7] and compounds, as Zr [7440-67-7]

TWA

STEL/Ceiling Notations
3

5 mg/m
1 mg/m3
20 ppm

10 mg/m3
3 mg/m3

0.2 mg/m3
0.05 mg/m3
50 ppm

0.6 mg/m3

S(D)

0.05 mg/m3
10 mg/m3

A1, 1; (I)
A1, 1; (I)
2B

3 mg/m3
10 ppm
0.5 ppm
1 ppm
0.1 ppm
0.1 ppm
1 ppm
0.05 ppm
1 ppm
500 ppm
25 ppm
(H)
0.1 mg/m3
1 mg/m3
1 mg/m3
2.5 mg/m3
100 ppm

15 ppm

2B
A2, 2A
A1, 1
2B; R
Skin; 2B; R
A2, 2A

75 ppm
R
A1, A2, 1; (I)
A1, A2, 1; (I)
1
150 ppm
C 0.1 mg/m3

0.5 ppm (V)
1 mg/m3
1 mg/m3
1 mg/m3
0.01 mg/m3
2 mg/m3
10 mg/m3 (N)
5 mg/m3

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations

Skin
Skin

2 mg/m3
A1, 1; (I)
3

10 mg/m
20 mg/m3
10 mg/m3
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Table of exposure limits for chemical and biological substances
Substance [CAS No.]

TWA

Updated 2017/06/01

STEL/Ceiling Notations

Endnotes
(E) - the value is for particulate matter containing no asbestos and less than 1% crystalline silica.
(F) - the value for fibres longer than 5 microns, with an aspect ratio of equal than/greater than 3:1, as determined by the
membrane filter method at 400-450 times magnification (4 mm objective), using phase-contrast illumination.
(G) - as measured by the vertical elutriator, cotton-dust sampler, see TLV Documentation.
(H) - reciprocal calculation method, see OHS Guideline G5.48-12.
(I) - see Special Notes in Table 1 below
(J) - does not include stearates of toxic metals.
(K) - should not exceed 2 mg/m3 respirable particulate.
(L) - No exposure limit. Exposure by all routes should be carefully controlled to levels as low as possible.
(M) - refers to sulfuric acid contained in strong inorganic acid mists.
(N) - the 8-hour TWA listed in the Table is for the total dust. The substance also has an 8-hour TWA of 3 mg/m 3 for the
respirable fraction.
(O) - sampled by method that does not collect vapour.
(P) - application restricted to conditions in which there are negligible aerosol exposures.
(V) - vapour and inhalable aerosol.

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations
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Table of exposure limits for chemical and biological substances
Substance [CAS No.]

TWA

STEL/Ceiling Notations

Table 1: Special Notes

Substance [CAS No.]
Asphalt (Bitumen) fume, as benzene-soluble aerosol, Inhalable
[8052-42-4]

Beryllium and compounds, as Be [7440-41-7]

2,4-Dichlorophenoxyacetic acid and its esters [94-75-7]
Diesel fuel, as total hydrocarbons, Inhalable
[68334-30-5; 68476-30-2; 68476-31-3; 68476-34-6; 77650-28-3]
Dinitrotoluene [25321-14-6]
Indium and compounds, as In [7440-74-6]
Lead chromate, as Cr [7758-97-6]
Lead chromate, as Pb [7758-97-6]

Nickel - Elemental, Soluble inorganic compounds, as Ni [7440-02-0]

Nickel - Insoluble inorganic compounds, as Ni [7440-02-0]
Nickel carbonyl, as Ni [13463-39-3]
Nitropyrene, mono, di, tri, tetra, isomers [5522-43-0; 57835-92-4]

Nitrotoluene, all isomers [88-72-2; 99-08-1; 99-99-0]
Uranium (Natural) [7440-61-1]
Wood dust
Zinc chromates, as Cr [13530-65-9; 11103 -86-9; 37300-23-5]
Acetamide [60-35-5]
Allyl bromide [106-95-6]
Boron tricholoride [10294-34-5]
Butenes, all isomers, including Isobutene [106-98-9; 107-01-7;
590-18-1; 624-64-6; 25167-67-3; 115-11-7]
Cadusafos [95465-99-9]
Calcium silicate, naturally occurring as Wollastonite [1344-95-2]
Citral, inhalable [5292-40-5]
Cyanogen bromide [506-68-3]
Diethylene glycol monobutyl ether [112-34-5]
N,N-Diethylhydroxylamine [3710-84-7]
Ethyl isocyanate [109-90-0]
Folpet [133-07-3]

Note
IARC group 2A carcinogen - Bitumens, occupational
exposure to oxidized bitumens and their emissions
during road paving
IARC group 2B carcinogen - Bitumens, occupational
exposure to straight-run bitumens and their emissions
during road paving
Soluble compounds - dermal sensitization
Soluble and insoluble compounds - respiratory
sensitization
IARC group 2B carcinogens - chlorophenoxy
herbicides as a group
Diesel fuel, marine, is an IARC group 2B carcinogen
2,4-Dinitrotoluene and 3,6-Dinitrotoluene are IARC
group 2B carcinogens
Indium phosphide is an IARC group 2A carcinogen
IARC group 1 carcinogen - Chromium (VI) compounds
as a whole
IARC group 2A carcinogen - Lead compounds,
inorganic
Elemental nickel and alloys containing nickel are
IARC group 2B carcinogens. Nickel compounds are
IARC group 1 carcinogens.
Nickel compounds are IARC group 1 carcinogens
1-Nitropyrene is an IARC group 2A carcinogen
4-Nitropyrene is an IARC group 2B carcinogen
Nitrotoluene (CAS 88-72-2) is an IARC group 2A
carcinogen
Ionizing radiation (all types) and Radionuclides are
IARC group 1 carcinogens
ACGIH A1 - oak and beech
ACGIH A2 - birch, mahogany, teak, walnut
Chromium (VI) compounds are IARC group 1
carcinogens
No British Columbia exposure limit at this time.

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations
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Table of exposure limits for chemical and biological substances
Substance [CAS No.]

TWA

Updated 2017/06/01

STEL/Ceiling Notations

Hard metals, containing Cobalt and Tungsten Carbide, as Co
[7440-48-4; 12070-12-1]
Isobutane [75-28-5]
Iodides
Oxalic acid, dihydrate [6153-56-6]
2,4-Pentanedione [123-54-6]
Peracetic acid [79-21-0]
o-Phthalodinitrile [91-15-6]
Simazine [122-34-9]
2,4- and 2,6- Toluene diisocyanate as a mixture [584-84-9; 91-08-7] (see
OHS Regulation s. 5.51)

Bracketed letters are endnotes, e.g., "(L)" and "(V)";
STEL column C = Ceiling limit;
Notations column R = Adverse reproductive effect; S, S(D) and S(R) = Sensitizer;
A1, A2, 1, 2A, 2B = Carcinogen designations
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1851

CLEANING
This guide is a summary of the primary requirements in NFPA 1851.

ROUTINE CLEANING

A light cleaning of ensemble and ensemble elements performed by the
end user that does not require taking the elements out of service and
shall be performed after each use. Start routine cleaning at emergency
scene, if possible.
Basic Cleaning Precautions
1. Isolate contaminated ensemble elements at incident and rely on
trained personnel or other qualified source to make a determination if
elements can be cleaned and decontaminated.
2. Isolate, tag, and bag ensemble elements contaminated with blood or
body fluids at emergency scene for assessment by qualified personnel
for cleaning.
3. Do not bring soiled or contaminated clothing into home, wash in home
laundries, or wash in public laundries unless facility has dedicated
business for handling protective ensembles and elements.
4. Don’t use commercial dry cleaning as a means of cleaning or decontaminating ensembles unless approved by element manufacturer.
5. Only use an Independent Service Provider (ISP) if they have demonstrated that their process will not compromise the performance
properties of the elements.
Minimum Steps for Routine
Cleaning
• Examine manufacturer’s
label/instructions.
• Isolate elements to avoid
cross-contamination.
• Brush off debris.
• Rinse with water.
• Lightly scrub item with soft bristle
brush.
• Spot clean, if needed.
• If warranted, clean in a utility sink
as indicated below (use
advanced cleaning if necessary).
• Inspect element.
• Clean again as necessary.

Procedures when cleaning in a
utility sink
1-Do not overload sink.
2-Pre-treat if necessary.
3-Do not use water exceeding
105°F.
4-Use mild detergent with pH
between 6.0 and 10.5, as
indicated on container label or in
Material Safety Data Sheet
(MSDS).
5-Wear protective gloves &
eye/face splash protection.
6-Gently scrub using a soft-bristle
brush. Drain water from sink.
7-Thoroughly rinse element; repeat

Provisions for routine cleaning of garments
Isolate garment layers to avoid cross-contamination; apply advanced
cleaning if full garment must be cleaned.
Provisions for routine cleaning of helmets
If helmet immersion is necessary, remove impact cap; separately wash
and dry each element component; do not use mechanical drying.
Provisions for routine cleaning of gloves and footwear
Do not machine dry.

SPECIALIZED CLEANING

Elements that are contaminated with hazardous materials or biological
agents need to receive specialized cleaning as necessary to remove the
specific contaminant(s). Only use qualified organizations for this purpose.

ADVANCED CLEANING

• A thorough cleaning of ensembles and ensemble elements accomplished by washing the elements with cleaning agents.
• Advanced cleaning is carried out by the manufacturer, a manufacturer-trained organization, verified organization, or verified ISP.
• Advanced cleaning is conducted when elements are soiled and at least
at time of advanced inspection (every 12 months).
• Advanced cleaning involves use of washing machine for elements
except as prohibited.
Procedures for machine washing
1. Do not overload the machine.
2. Pre-treat heavily soiled or spotted areas if necessary.
3. DO NOT USE chlorine bleach, chlorinated solvents, active-ingredient
cleaning agents, or solvents without element manufacturer approval.
4. Fasten all closures, including pocket closures, hook and loop, snaps,
zippers, hooks and dees.
5. Wash temperature not to exceed 105°F.
6. Use mild detergent with a pH range of not less than 6.0 and not greater
than 10.5 (as indicated on the container or the Material Safety Data
Sheet (MSDS).
7. Ensure that washing machine drum speed (rpm) does not create
g-force greater than 100 g.
8. Follow washing machine manufacturer’s instructions for proper settings
or program selection specified to type of element being washed.
9. Dry the elements (see below).
10. If the machine is to be used for other than protective ensemble
elements, rinse out machine by running while empty through a
complete cycle with 120°F to 125°F water and detergent.
Additional Advanced Procedures for Garments
• Remove drag rescue device (DRD) prior to laundering, wash and dry
DRD in separate mesh bag.
• Where shells and liners are separable, clean and decontaminate those
items with like items, i.e. shells with shells and liners with liners.
• Turn separable liners inside out so that moisture barrier is inside for
washing and drying.
Additional Advanced Procedures for Hoods
Wash and dry hoods in machine with garment liners.
Additional Advanced Procedures for Helmets
• Remove detachable items from helmet for separate washing and drying.
• Do not machine wash or dry helmets with equipment that produces
tumbling or agitation.
Additional Advanced Procedures for Gloves and Footwear
Do not machine wash or dry gloves and footwear with equipment that
produces tumbling or agitation.
Air Drying Procedure
1. Place elements in an area with good ventilation.
2. Do not dry in direct sunlight.
Machine Drying Procedure
1. Do not overload the machine.
2. Fasten all closures.
3. Use no-heat or air-dry setting if available.
4. If heat must be used, ensure that the basket does not exceed 105°F.
5. If heat is used, remove garments before they are completely dry.

7 STEPS TO CLEAN FIREFIGHTING TURNOUT GEAR
We once saw dirty ﬁreﬁghting coats and pants as badges of honor. Now the ﬁre service is beginning to
recognize that soiled or contaminated protective garments can expose ﬁreﬁghters to toxins and carcinogens,
spread communicable disease, absorb radiant heat, conduct electricity and can be ﬂammable. In short, clean
PPE can help you live longer.
NFPA 1851 says to evaluate gear after each use to determine the appropriate cleaning level. This includes
instructions for routine cleanings at the scene and advanced cleaning at least once a year. Here are seven
steps to give your gear that advanced cleaning.

1. CLEAN BEFORE YOU
LEAVE THE SCENE
Hose, brush or wipe away the large, gross
contaminants following overhaul. This
routine cleaning reduces the amount of
particles you take into the rig and the
ﬁrehouse bay. If a routine cleaning
doesn’t do the job, give the PPE an
advanced cleaning.
NOTE: Step one constitutes a routine
cleaning that should be done at the
scene. Steps two through six
constitute an advanced cleaning,
done at least once a year.

......................................................................................................................................................................................................................................................

...........................................................................................................................................................................................................

2. INSPECT AND DISASSEMBLE
Wear exam gloves and eye
protection during this
process. Separate the pants
and coat outer shell, liner
and drag rescue device. Look
for deep stains, tears, holes
and other damage. Any holes,
rips or other damage needs to
be repaired before the gear is
returned to service. Turn the
liner inside out and close all of
the shell's zippers, clasps and
hook and loop tapes.

...........................................................................................................................................................................................................

3. PRESOAK AND WASH
Pretreat heavily soiled or
spotted areas prior to machine
laundering. Wash the garments
in a front loader extractor or
machine speciﬁcally dedicated for
PPE. Use water temperature no higher than 105°F and
a detergent with a pH factor between 6 and 10.5. The
washing machine g-force must not exceed 100g for all gear.

4. RE-INSPECT
Once the gear is done
washing, inspect it again
for stubborn stains. If
the gear is not clean,
repeat step 3.

............................................................................................................................................................

5. DRYING
Dry the gear in an area with good ventilation;
never dry in direct sunlight, which can degrade the
high-temperature fabrics. When machine drying,
fasten all closures and use a no-heat or air-dry
option. If no-heat or air-dry is not an option, do
not allow the basket temperature to exceed 105°F.

3
...............

6. REASSEMBLE
When the gear is fully dry,
follow the manufacturer’s
instructions to reinstall the drag rescue device in the
coat and the liners into the outer shells. Check that all
of the closures are properly secure and that the drag
rescue device is properly installed.

...........................................................................................................................................................................................................

7. STORAGE
Keep clean gear in a dry,
well-ventilated area out of direct
sunlight and away from indoor
light sources; they also produce
harmful UV rays. This will keep
the materials that make up the
PPE from degrading while stored
in the station.

ONLINE RESOURCES
GlobeTurnoutGear.com
PPE101.com
FireRescue1.com
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UL’s dedicated team of scientists, engineers and researchers is
creating New Science in a variety of ways. From live experiments to
computational modeling, statistical analysis to quantification of risk,
we are constantly seeking to improve products, techniques,
methodologies, processes and standards.

FIRE SAFETY ARTICLE/INNOVATING FIRE ATTACK TACTICS

2

WHY INNOVATIVE FIRE ATTACK TACTICS MATTER
Firefighters are being challenged by different fireground hazards due to today’s more
open floor plans and the use of synthetic materials in furniture and building products.1
These changes have made structure fires more deadly than ever before and call into
question traditional firefighting tactics. Innovative fire attack tactics matter because,
although they may go against traditional practices, they represent a more effective
way to make the fireground safer for both building occupants and firefighters.

CONTEXT
The changes in modern building design and materials have altered the nature of
structure fires, with modern homes able to reach flashover eight times faster than
homes built 50 years ago.2 This change is largely behind the 67% increase over the past
30 years in the rate of firefighter deaths due to traumatic injuries while operating inside
structures.3 And although the overall fire death rate in the U.S. has decreased by 64%
during the same period, 4 it is clear that modern structure fires can be deadly to both
firefighters and building occupants.
Many of the tactics employed by the American fire service have been developed
based on personal experience — of individual firefighters and as passed down by their
predecessors.5 To the credit of many of these firefighters, their tactics have proven
successful in controlling and mitigating the hazards of fire for more than 250 years.6
However, the number of structure fires has decreased by 53% over the past 30 years,7
which has had an unintended consequence of limiting the opportunities for firefighters
and fire officers to gain the necessary experience to understand the increasingly
complex fires they fight.8
One common practice was for firefighters to fight fires exclusively from inside a
burning building during search and rescue efforts.9 There was a widely held belief —
supported by anecdotal evidence — that attacking a fire with water from outside the
building would push the fire further into the structure, making conditions beyond
the fire worse and potentially increasing the risk to firefighters and trapped victims.10
Because of this, the firefighters who were first on the scene would typically pull a
fire hose with them as they searched room-by-room for victims while the fire blazed
and their colleagues watched outside and waited for them to emerge.11
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Given these developments, UL saw a clear need for new insights about fire progression,
fire behavior and what happens to the structural integrity of a building under fire conditions. UL also saw a need for improved firefighting tactics that would enable modern
structure fires to be fought
more
effectively
while improving firefighter safety and
FIRE
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JOURNAL
building occupant survivability.12

WHAT DID UL DO?

UL used two homes to test a variety of experimental
scenarios, including a number of innovative exterior
attack tactics.

UL conducted two sets of full-scale, live-fire experiments to “demystify” the modern
fireground — specifically, to better understand modern fire conditions and to
evaluate the effectiveness of traditional and new firefighting tactics.13 The first set of
live-fire experiments were staged in two houses constructed in UL’s large fire facility
in Northbrook, IL.14 These experiments were conducted under the United States
Department of Homeland Security (DHS) Assistance to Firefighter Grant Program.15
One of the houses had one story (1,200 ft2, three bedrooms, one bathroom), with
a total of eight rooms. The second house had two stories (3,200 ft2, four bedrooms,
two and a half bathrooms) and had a total of 12 rooms, a modern open floor plan, a
two-story great room and an open foyer. A total of 17 full-scale residential structure
fire experiments were conducted in the two houses to examine different ventilation
scenarios and a variety of tactics, including controlling the front door, making
different sized ventilation holes in the roof and using exterior hose streams.16

UL conducted two sets of full-scale,

live-fire experiments to test a number
of innovative fire attack tactics.

The second set of live-fire experiments were funded by the Fire Department of New
York (FDNY) and carried out in partnership with the FDNY and the National Institute
of Standards and Technology (NIST). The experiments17 were conducted on a series of
unoccupied homes on Governors Island. The structures were two-story townhouses
with full basements, approximately 800 square feet per floor, concrete block walls, brick
exterior, and wood-framed interior walls and flooring systems. The fuel load included
real furniture of common construction — wood frame, polyurethane foam, polyester
batting and fabric — to simulate current hazards. The furniture was consistent from
home to home to enable comparison between experiments. All of the Governors
Island experiments were also consistent with the previous room-and-contents fire
experiments conducted by NIST and UL. These experiments resulted in ventilationlimited (fuel-rich) fires.
UL used these homes to test a variety of experimental scenarios, including a number
of innovative exterior attack tactics. The exterior attack is an offensive approach
— analogous to the military concept of “softening the target” — that requires an
aggressive attack just prior to entry, search and tactical ventilation.18 UL benchmarked
the exterior attack against a traditional offensive attack that is initiated by deploying
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hoselines inside the structure directly at the seat of the fire.19 The UL experiments
showed that the traditional approach is not always the best. Several experiments
were conducted in homes with different fire conditions. In one example, in a two-story
house, fire was showing from a second floor window:
“Traditional tactics call for the hoseline to be charged in the front of the house 		
prior to entry, but water is usually not flowed onto the fire prior to entry. Even 		
if the interior path to the fire is known, flowing water directly onto the fire is
faster from the outside than it is from the inside … In this experiment,
temperatures were measured in the hallway just outside the room and in the
other bedrooms on the second floor. Twenty-five gallons of water directed off
of the ceiling of the fire room from the exterior decreased fire room
temperatures from 1,792 degrees F to 632 degrees F in 10 seconds; the hallway
temperature decreased from 273 degrees F to 104 degrees F in 10 seconds.”20
The key findings of our experiments show that the common belief about exterior fire
attack pushing the fire is unfounded and that innovative fire attack tactics can improve
the safety and effectiveness of firefighting efforts:

Applying water directly into the fire
compartment as soon as possible

results in the most effective means
of suppressing the fire.23

Water applied via exterior attack does not push the fire.21
The anecdotal experience of firefighters can be explained by one of the following
scenarios: 1) A flow path is changed with ventilation and not with water application.
2) A flow path is changed with water when the thermal layer is disrupted and steam
moves ahead of the line, elevating the level of heat and creating the impression to
those downstream that the fire is being pushed. 3) Turnout gear becomes saturated
with energy, which begins to pass through to the firefighter. If this occurs in close
proximity to when a hoseline is opened, it might appear that the hoseline caused the
rapid buildup of heat. 4) One room is extinguished, allowing air to entrain into another
room, which causes that room to ignite, burn more intensely or reach flashover.22
Rather than making conditions more hazardous, applying water directly into the fire
compartment as soon as possible results in the most effective means of suppressing
the fire.23
Specifically, our research showed that applying a hose stream through a window or
door into a room involved in a fire significantly lowered room temperatures everywhere
in the home. Even a small amount of water, applied as quickly as possible regardless
of where it is from, improved conditions inside the burning home. And in cases where
front and rear doors were open and windows had been vented, the application of water
through one of the vents enhanced conditions throughout the structure.
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Our experiments showed that exterior fire attack increases the potential survival time
for building occupants and provides safer conditions for firefighters performing search
and rescue. In fact, our experiments demonstrated that the traditional practice of
increasing ventilation to a ventilation-limited structure fire by opening doors, clearing
windows or cutting the roof increased fire hazards and the potential for a rapid
transition to flashover.24
While the attack should be commenced from the exterior, to improve 			
conditions for firefighters and building occupants, it must be finished inside.
Applying water to the fire as soon as possible from the outside softens the target and
helps firefighters gain the upper hand, but the attack and size-up should be continued
from inside the home. Once conditions inside the structure are made safer, continuing
the attack from the inside increases the speed and effectiveness of fully extinguishing
the fire.25

UL conducted full-scale, live-fire

experiments to better understand
modern fire conditions.

IMPACT
The UL research provided an enhanced understanding of fire behavior in structures and
demonstrated the viability of innovative attack tactics. UL is now working to spread
the word to transform the way firefighters think about and approach structure fires.
UL is presenting the data from the experiments to the Fire Department Instructors
Conference and Fire Rescue International. UL is also sharing the data with the
International Society of Fire Service Instructors, the International Fire Service Training
Association and the National Fire Protection Association.26 In this way, the innovative
tactics tested in UL’s live-fire experiments will help ensure that firefighters around the
world more safely and effectively fight modern structure fires.
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NIOSH STUDY OF FIREFIGHTERS FINDS INCREASED RATES OF CANCER

A combined population of 30,000 firefighters from three large cities had higher rates of several types of
cancers, and of all cancers combined, than the U.S. population as a whole, researchers from the National
Institute for Occupational Safety and Health (NIOSH) and colleagues found in a new study.
The new findings are generally consistent with the results of several previous, smaller studies. Because
the new study had a larger study population followed for a longer period of time, the results strengthen
the scientific evidence for a relation between firefighting and cancer, the researchers said.
The findings were reported in an article posted on-line on Oct. 14, 2013, by the peer-reviewed journal
Occupational and Environmental Medicine. The article is available online at
http://oem.bmj.com/content/early/2013/10/14/oemed-2013-101662.full
The researchers found that:
•
Cancers of the respiratory, digestive, and urinary systems accounted mostly for the higher rates
of cancer seen in the study population. The higher rates suggest that firefighters are more likely to
develop those cancers.
•
The population of firefighters in the study had a rate of mesothelioma two times greater than
the rate in the U.S. population as a whole. This was the first study ever to identify an excess of
mesothelioma in U.S. firefighters. The researchers said it was likely that the findings were associated
with exposure to asbestos, a known cause of mesothelioma.
The study analyzed cancers and cancer deaths through 2009 among 29,993 firefighters from the
Chicago, Philadelphia, and San Francisco fire departments who were employed since 1950. The study
was led by NIOSH in collaboration with the National Cancer Institute and the Department of Public
Health Sciences in the University of California at Davis. The study was supported in part by funding from
the U.S. Fire Administration.
Firefighters can be exposed to contaminants from fires that are known or suspected to cause cancer.
These contaminants include combustion by-products such as benzene and formaldehyde, and materials
in debris such as asbestos from older structures.
The findings of the new study do not address other factors that can influence risk for cancer, such as
smoking, diet, and alcohol consumption. In addition, few women and minorities were in the study
population, limiting the ability to draw statistical conclusions about their risk for cancer.
In a second phase of the study, the researchers will further examine employment records from the three
fire departments, to derive information on occupational exposures, and to look at exposures in relation
to cancer incidence and mortality. Those findings, when completed, will be published in a future article.
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ABSTRACT
Objectives To examine mortality patterns and cancer
incidence in a pooled cohort of 29 993 US career
ﬁreﬁghters employed since 1950 and followed through
2009.
Methods Mortality and cancer incidence were
evaluated by life table methods with the US population
referent. Standardised mortality (SMR) and incidence
(SIR) ratios were determined for 92 causes of death and
41 cancer incidence groupings. Analyses focused on 15
outcomes of a priori interest. Sensitivity analyses were
conducted to examine the potential for signiﬁcant bias.
Results Person-years at risk totalled 858 938 and
403 152 for mortality and incidence analyses,
respectively. All-cause mortality was at expectation
(SMR=0.99, 95% CI 0.97 to 1.01, n=12 028). There
was excess cancer mortality (SMR=1.14, 95% CI 1.10
to 1.18, n=3285) and incidence (SIR=1.09, 95% CI
1.06 to 1.12, n=4461) comprised mainly of digestive
(SMR=1.26, 95% CI 1.18 to 1.34, n=928; SIR=1.17,
95% CI 1.10 to 1.25, n=930) and respiratory
(SMR=1.10, 95% CI 1.04 to 1.17, n=1096; SIR=1.16,
95% CI 1.08 to 1.24, n=813) cancers. Consistent with
previous reports, modest elevations were observed in
several solid cancers; however, evidence of excess
lymphatic or haematopoietic cancers was lacking. This
study is the ﬁrst to report excess malignant
mesothelioma (SMR=2.00, 95% CI 1.03 to 3.49, n=12;
SIR=2.29, 95% CI 1.60 to 3.19, n=35) among US
ﬁreﬁghters. Results appeared robust under differing
assumptions and analytic techniques.
Conclusions Our results provide evidence of a relation
between ﬁreﬁghting and cancer. The new ﬁnding of
excess malignant mesothelioma is noteworthy, given that
asbestos exposure is a known hazard of ﬁreﬁghting.

INTRODUCTION
▸ http://dx.doi.org/10.1136/
oemed-2013-101803

To cite: Daniels RD,
Kubale TL, Yiin JH, et al.
Occup Environ Med
Published Online First:
[please include Day Month
Year] doi:10.1136/oemed2013-101662

There are approximately 1.1 million volunteer and
career ﬁreﬁghters in the US.1 During ﬁreﬁghting
activities, these workers may be exposed to many
known carcinogens (eg, polycyclic aromatic hydrocarbons
(PAHs),
formaldehyde,
benzene,
1,3-butadiene, asbestos and arsenic) in volatilised
combustion and pyrolysis products or debris.2
These exposures have raised concerns of increased
cancer among ﬁreﬁghters and have prompted a
number of exposure assessment and epidemiologic
investigations. Some studies have found excess
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What this paper adds
▸ From previous studies, there is limited
epidemiological evidence of increased risk of
cancer from ﬁreﬁghting.
▸ We examined cancer in 30 000 career
ﬁreﬁghters by pooling information from urban
ﬁre departments in three large US cities. The
large sample size and long follow-up period
improved risk estimates compared with
previous studies.
▸ We report that ﬁreﬁghting may be associated
with increased risk of solid cancers.
Furthermore, we report a new ﬁnding of excess
malignant mesothelioma among ﬁreﬁghters,
suggesting the presence of an occupational
disease from asbestos hazards in the
workplace.

cancers of the brain,3–8 digestive tract,4 5 7–10
genitourinary tract5 7 11 12 and lymphohematopoietic organs.6 8 13 In a recent meta-analysis of 32
studies, signiﬁcant excess risk was reported for
brain, stomach, colon, rectum, prostate, testes, multiple myeloma and non-Hodgkin lymphoma
(NHL).14 Similarly, the International Agency for
Research on Cancer (IARC) reviewed 42 studies
and reported signiﬁcant summary risks for prostatic
and testicular cancers and NHL.2 Given limited evidence, however, IARC concluded that ﬁreﬁghter
exposures were only possibly carcinogenic to
humans (Group 2B).
Most studies have examined mortality, but not
cancer incidence, among relatively few ﬁreﬁghters
recruited from one ﬁre department. The current
study examines mortality and cancer incidence in a
pooled cohort of ﬁreﬁghters employed in three
major US cities. Malignancies of the brain,
stomach, oesophagus, intestines, rectum, kidney,
bladder, prostate, testes, leukaemia, multiple
myeloma and NHL were of a priori interest in the
current study, based on possible sites identiﬁed in
previous reviews.2 14 Lung cancer and chronic
obstructive pulmonary disease (COPD) were also of
interest because inhalation is a major pathway for
ﬁreﬁghter exposures, and there is evidence of

by BMJ Publishing Group Ltd under licence.
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chronic and acute inﬂammatory respiratory effects in ﬁreﬁghters, which may be linked to cancer.2 Breast cancer was included
as a result of interests shared in researcher discussions with
ﬁreﬁghters.

known, and on the 15th of the month of diagnosis if only the
diagnosis month and year were known. The death date was used
when death preceded the estimated date.

Statistical methods
METHODS
Data collection methods
This research was approved by the Institutional Review Boards
of the National Institute for Occupational Safety and Health
(NIOSH) and the National Cancer Institute (NCI). Personnel
records and previous study data were used to assemble the study
roster, which comprised male and female career ﬁreﬁghters of
all races employed for at least 1 day in ﬁre departments serving
San Francisco, Chicago, or Philadelphia, from 1 January 1950,
through 31 December 2009. Fire departments were selected
based on size, location, work experience, records availability
and the willingness of labour and city management to participate. ‘Career ﬁreﬁghter’ status was determined from job titles
categorised by researchers and vetted by each ﬁre department.
Selected job titles included general classiﬁcations of ﬁreﬁghters,
ﬁreﬁghter paramedics, and ﬁre department arson investigators.
Persons of known race were mostly Caucasian (81%) and those
missing race (2.5%) were hired in earlier periods of lower
minority hiring (median year at hire=1955). Therefore, persons
missing race were assumed Caucasian and retained in main analyses to maximise study size. Analyses were also conducted
excluding persons of unknown race.
Vital status was ascertained from the National Death
Index-Plus (NDI-Plus), the Social Security Administration Death
Master File (SSA-DMF), personnel and pension board records,
and records from the previous studies.9 10 Fireﬁghters not
found to be deceased were conﬁrmed alive by matches to
employment records, Internal Revenue Service (IRS) records,
and data accessible through LexisNexis (a private vendor of residential information).
Causes of death were obtained from previous studies,9 10
NDI-Plus, and death certiﬁcates collected from state vital
records and retirement boards. Deaths of Philadelphia ﬁreﬁghters through 1986 were previously determined by Baris et al,9
who retrieved and coded death certiﬁcates to the ninth revision
of the International Classiﬁcation of Diseases (ICD-9).
San Francisco ﬁreﬁghter deaths were determined through 1982
by Beaumont et al.10 In that and the current study, causes of
death were coded to the ICD revision in effect at the time of
death. The underlying cause of death determined by a trained
nosologist was used for all mortality analyses.
Incident cases were deﬁned as all primary invasive cancers,
and in situ bladder cancers among ﬁreﬁghters matched to state
cancer registries on name, gender, race, date of birth and Social
Security number. The last known residence and the state of
death were used to narrow inclusion of registries for case ascertainment to 11 states (ie, Arizona, California, Florida, Illinois,
Indiana, Michigan, Nevada, New Jersey, Oregon, Pennsylvania
and Washington) where nearly 95% of all deaths in known
states occurred (see online supplementary table S1). The site
and histology of each tumour were used to classify cancers in
one of 41 diagnostic groups using the International
Classiﬁcation of Diseases for Oncology, 3rd Edition
(ICD-O-3).15 The conversion from ICD-O-3 to ICD-10 used
the Surveillance, Epidemiology and End Results Program
(SEER) recodes (dated 27 January 2003) following slight modiﬁcation to align with mortality groupings and to account for
recent classiﬁcation changes. Diagnosis dates were assigned as of
1 July of the year of diagnosis if only the diagnosis year was
2

The NIOSH Life Table Analysis System (LTAS.NET) was used to
examine mortality and cancer incidence.16 Main analyses used
the US population as referent. In all analyses, person-years at
risk (PYAR) were stratiﬁed by gender, race (Caucasian, other
races), age (age 15–85+ years in 5-year categories), and calendar
year (in 5-year categories). Conﬁdence limits for risk measures
were estimated based on a Poisson distribution for the observed
outcome, with exact limits for outcomes with 10 or fewer
occurrences.
For mortality analyses, PYAR began on the latest of 1 January
1950 or the date of cohort inclusion, and ended the earliest of
the date of death (DOD), the date last observed (DLO), or 31
December 2009. US mortality rates (1950–2009) were used to
estimate the expected numbers of deaths for all causes, all
cancers and 92 categories of underlying cause of death.17
Additional mortality rates were developed to separately report
on cancers of the small intestine, large intestine and testes to
coincide with incidence rates; however, these rates were limited
to time periods after 1959. In both cases, the subsites of interest
(ie, colon and testes) account for the largest proportion of the
deaths in the respective aggregate site (ie, intestine or male
genital organs excluding prostate); therefore, the aggregate site
reasonably approximates the subsite. The standardised mortality
ratio (SMR) was calculated as the ratio of the observed to the
total number of expected deaths.
Two approaches were used to examine cancer incidence. The
main analyses included ﬁrst and later primary cancers
(ie, multiple-cancer approach) occurring within the risk period.
PYAR accrued from the date of statewide ascertainment by the
respective ﬁre department’s state cancer registry (eg, 1 January
1988 for San Francisco ﬁreﬁghters (see online supplementary
table S1)) or cohort inclusion, whichever was latest, and ended
at the earliest of the DOD, DLO, or 31 December 2009.
Secondary analyses were restricted to the ﬁrst occurrence of
invasive cancer (ie, ﬁrst-cancer approach). In these analyses,
PYAR for cases ended on the date of ﬁrst diagnosis. In both
approaches, the standardised incidence ratio (SIR) was calculated as the ratio of observed malignancies to the expected
number of cases estimated using US incidence rates (1985–
2009) calculated from SEER data.18 Additional steps required
for ﬁrst-cancer analyses were: selecting the most common
cancer when diagnoses included multiple primary tumours on
the same day (n=21), excluding ﬁreﬁghters known to have a
cancer diagnosis prior to the start of the risk date (n=55), and
adjusting US rates for cancer prevalence using methods
described by Merrill et al.19
Heterogeneity in ﬁre department-speciﬁc SMRs and SIRs was
examined using Poisson regression modelling. To control for
gender, age, calendar year and race, an offset term was set to
the expected number of deaths or cases in each stratum of the
classiﬁcation table. To address differences between ﬁre departments, a mixed model was used that speciﬁed a random intercept term. Thus, the model intercept is the log of the pooled
SMR, adjusted for heterogeneity among the ﬁre departments.
The signiﬁcance of heterogeneity was assessed by likelihood
ratio test (signiﬁcance level of 0.05).
Several sensitivity analyses were conducted. First, we examined the effects of including prevalent hires (workers employed
before 1950) and short–term workers (those employed <1 year)
Daniels RD, et al. Occup Environ Med 2013;0:1–10. doi:10.1136/oemed-2013-101662
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in mortality analyses. Prevalent hires must be employed long
enough to be recruited into the study; thus, these workers may
have a survival advantage compared with persons hired during
the follow-up period (ie, incident hires).20 Short-term workers
include temporary hires and probationary ﬁreﬁghters whose
health and lifestyle patterns may differ from those employed
one or more years. Short-term workers may also have had substantial occupational histories other than as ﬁreﬁghters, possibly
in jobs with hazardous exposures. Second, we examined age
effects on risk estimates in two age-at-risk categories (17–64,
65+ years). Testing of an effect across all 5-year age groups was
accomplished using mixed models adjusted for age-at-risk
groups. Third, we conducted SMR analyses restricting observation to age 84 years or less. Including PYAR for ages 85+ years
could bias results from: rates used in analyses that are openended, more uncertainty in underlying cause of death at later
ages, and subjects who are incorrectly traced as alive having a
disproportionate effect in the open-ended age group.21 Fourth,
we calculated SMRs using California, Illinois and Pennsylvania
State populations as referent for ﬁreﬁghters from San Francisco,
Chicago and Philadelphia, respectively. Last, SMRs and standardised rate ratios (SRRs) were calculated for categories of
employment duration (<10, 10–<20, 20–<30, 30+ years).
Trend slopes with Wald-based two-sided p values (signiﬁcance
level of 0.05) were calculated for the change in SRRs with
increasing duration.

RESULTS
There were 29 993 ﬁreﬁghters available for study, contributing
858 938 PYAR (table 1). The cohort was largely male (97%),
with mean age at ﬁrst employment and total years employed of
29 and 21 years, respectively. Fewer than 5% of ﬁreﬁghters

Table 1

were short-term workers and approximately 30% were ﬁrst
employed prior to 1950. A higher percentage of women (9.4%)
were short-term workers compared with men (4.3%) (see online
supplementary table S2). Prevalent hires, on average, tended to
be employed longer (+7.9 years, t test p<0.001) and had a
greater attained age (+17.0 years, t test p<0.001) than incident
hires. Persons eligible for incidence analyses using the multiplecancer approach (n=24 453) contributed 403 152 PYAR. The
ﬁrst-cancer approach included 24 398 persons contributing
383 577 PYAR. There were 4461 malignant tumours distributed
among 3903 ﬁreﬁghters with cancer. Among these, 488
reported cancers at multiple primary sites. Mortality and cancer
incidence results are summarised in table 2 and in online supplementary tables S3–S5. To aid in comparisons with previous
studies, table 2 also shows summary risk estimates (SREs)
reported by LeMasters et al14, whose meta-analysis included
studies published through 2003.

Mortality
With the US population referent, all-cause mortality was at
expectation (SMR=0.99, 95% CI 0.97 to 1.01, n=12 028).
Ischaemic heart disease was the leading cause of death
(SMR=1.01, 95% CI 0.98 to 1.04, n=3619). There was signiﬁcantly decreased mortality in other outcomes that may be
related to healthy worker selection and survivor effects (HWE),
such as non-malignant respiratory diseases (SMR=0.80, 95% CI
0.74 to 0.86, n=796), cerebrovascular disease (SMR=0.91,
95% CI 0.84 to 0.98, n=636), diabetes mellitus (SMR=0.72,
95% CI 0.62 to 0.83, n=175), nervous system disorders
(SMR=0.80, 95% CI 0.69 to 0.93, n=187), and alcoholism
(SMR=0.61, 95% CI, 0.41 to 0.86, n=31). In particular, there
was a strong decrease in COPD mortality (SMR=0.72, 95% CI

Demographic characteristics of the cohort by fire department and combined (1950–2009)

Description
Study cohort:
Eligible for mortality analysis
PYAR
Years of follow-up; avg. (SD)
Race (%):
White
Other
Unknown
Gender (%):
Male
Female
Vital status:
Alive (%)
Deceased (%)
Unknown cause of death
Attained age*; avg. (SD)
LTFU
PYAR potentially LTFU (%)
Employment:
Avg. hire year
Age at hire; avg. (SD)
Employment years; avg. (SD)
Hired before 1950 (%)
Employed <1 year (%)

All fire departments

San Francisco

Chicago

Philadelphia

29 993
858 938
29 (16)

5313
154 317
29 (16)

15 185
419 414
28 (16)

9495
285 207
30 (16)

24 244 (80.8)
5008 (16.7)
741 (2.5)

4254 (80.1)
986 (18.6)
73 (1.4)

11 736 (77.3)
2808 (18.5)
641 (4.2)

8254 (86.9)
1214 (12.8)
27 (<1.0)

29 002 (96.7)
991 (3.3)

5009 (94.3)
304 (5.7)

14 694 (96.8)
491 (3.2)

9299 (97.9)
196 (2.1)

17 965
12 028
144
60
175
8809

(1.0)

3239 (61.0)
2074 (39.0)
9
62 (16)
1
59 (<1.0)

9241
5944
91
59
32
1483

(5)
(11)
(27)
(4.4)

1967
29 (5)
22 (11)
1682 (32)
194 (3.7)

1970
29
21
3294
891

1968
29
21
8085
1328

(59.9)
(40.1)
(16)

(60.9)
(39.1)

(<1.0)

5485
4010
44
61
142
7267

(2.5)

(5)
(11)
(22)
(5.9)

1965
27
21
3109
243

(5)
(11)
(33)
(2.6)

(16)

(57.8)
(42.2)
(16)

*Age attained at earliest of the date of death, date LTFU or 31 December 2009.
Avg., average; LTFU, lost to follow-up; PYAR, person-years at risk.
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Table 2

Standardised mortality and incidence ratios in firefighters for select outcomes compared to results from a recent meta-analysis
Meta-analysis of LeMasters et al14*

Current study results (US population referent)
Mortality (1950–2009)†

Cancer incidence (1985–2009)
All cancers

First cancer

Daniels RD, et al. Occup Environ Med 2013;0:1–10. doi:10.1136/oemed-2013-101662

Underlying cause (ICD-10 codes)

Obs

SMR (95% CI)

Obs

SIR (95% CI)

All cancers (C00-C97)
MN oesophagus (C15)
MN stomach (C16)
MN intestine (C17-C18)
MN large intestine (C18)
MN small intestine (C17)
MN rectum (C19-C21)
MN lung (C33-C34)
MN breast (C50)
MN prostate (C61)
MN other male genital (C60, C62-C63)
MN testes (C62)
MN kidney (C64-C66)
MN bladder (C67-C68)‡
MN brain (C47, C70-C72)
NHL (C46.3, C82-C85, C88.0, C88.3, C91.4, C96)§
Leukaemia (C91.0-C91.3, C91.5-C91.9, C92-C95)
Multiple myeloma (C88.7, C88.9, C90)
Other cancers:¶
Mesothelioma (C45)
MN buccal and pharynx (C00-C14)

3285
113
110
326
264
8
89
1046
8
282
<5
<5
94
84
73
123
122
42

1.14
1.39
1.10
1.30
1.31
1.66
1.45
1.10
1.39
1.09
0.47
0.73
1.29
0.99
1.01
1.17
1.10
0.89

1.18)
1.67)
1.33)
1.44)
1.48)
3.27)
1.78)
1.17)
2.73)
1.22)
1.20)
2.14)
1.58)
1.22)
1.27)
1.40)
1.31)
1.20)

4461
90
93
398
381
17
166
716
26
1261
17
15
166
316
51
170
100
36

1.09 (1.06
1.62 (1.31
1.15 (0.93
1.21 (1.09
1.21 (1.09
1.15 (0.67
1.11 (0.95
1.12 (1.04
1.26 (0.82
1.03 (0.98
0.62 (0.36
0.75 (0.42
1.27 (1.09
1.12 (1.00
1.02 (0.76
0.99 (0.85
0.94 (0.77
0.72 (0.50

2.00 (1.03 to 3.49)
1.40 (1.13 to 1.72)

35
174

12
94

(1.10
(1.14
(0.91
(1.16
(1.16
(0.72
(1.16
(1.04
(0.60
(0.96
(0.13
(0.15
(1.05
(0.79
(0.79
(0.97
(0.91
(0.64

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

Obs

SIR (95% CI)

1.12)
2.00)
1.40)
1.33)
1.34)
1.85)
1.30)
1.21)
1.85)
1.09)
0.99)
1.24)
1.48)
1.25)
1.34)
1.15)
1.15)
0.99)

3890
80
72
351
335
16
140
602
24
1176
17
15
129
272
48
145
85
33

1.09
1.71
1.02
1.29
1.28
1.43
1.09
1.13
1.32
1.03
0.67
0.79
1.24
1.18
1.06
0.99
0.93
0.75

2.29 (1.60 to 3.19)
1.39 (1.19 to 1.62)

26
148

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

Studies

SRE (95% CI), Likelihood rating

1.12)
2.13)
1.28)
1.43)
1.43)
2.33)
1.28)
1.22)
1.96)
1.09)
1.07)
1.30)
1.48)
1.33)
1.41)
1.16)
1.15)
1.06)

25
8
13
NA
25
NA
13
19
NA
13
NA
4
12
11
19
8
8
10

1.05
1.16
1.22
NA
1.21
NA
1.29
1.03
NA
1.28
NA
2.02
1.07
1.20
1.32
1.51
1.14
1.53

2.00 (1.31 to 2.93)
1.41 (1.20 to 1.66)

NA
9

NA
1.23 (0.96 to 1.55), 2

(1.06 to
(1.36 to
(0.80 to
(1.16 to
(1.15 to
(0.82 to
(0.91 to
(1.04 to
(0.84 to
(0.97 to
(0.39 to
(0.44 to
(1.04 to
(1.05 to
(0.78 to
(0.83 to
(0.74 to
(0.52 to

(1.00 to 1.09), 3
(0.86 to 1.57), 3
(1.04 to 1.44), 2
(1.03 to 1.54), 2
(1.10 to 1.51), 2
(0.97 to 1.08), 3
(1.15 to 1.43), 1
(1.30 to
(0.78 to
(0.97 to
(1.12 to
(1.31 to
(0.98 to
(1.21 to

3.13),
1.46),
1.48),
1.54),
1.73),
1.31),
1.94),

2
3
3
2
1
2
1

*Results from Table 5 of LeMasters et al14; likelihood of cancer risk by meta-analysis criteria: 1=probable, 2=possible, 3=unlikely.
†SMRs restricted to 1960–2009 for MN large intestine, MN small intestine, and MN testes and 2000–2009 for mesothelioma.
‡Urinary bladder incidence included in situ (D09.0) and invasive cases as per SEER protocol.
§NHL incidence data exclude Kaposi sarcoma (C46.3).
¶Sites not listed among cancers of a priori interest but reporting statistically significant excess mortality and cancer incidence.
ICD-10, International Classification of Diseases, 10th Revision; MN, malignancy; NA, not applicable; NHL, non-Hodgkin lymphoma; Obs, observed; SEER, Surveillance, Epidemiology and End Results; SIR, standardised incidence ratio; SMR, standardised
mortality ratio; SRE, summary risk estimate.
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0.65 to 0.80, n=367). Few non-malignant outcomes were elevated, although statistically signiﬁcant excess mortality was
observed for cirrhosis and other chronic liver disease
(SMR=1.26, 95% CI 1.12 to 1.41, n=299) and acute glomerulonephritis with renal failure (SMR=1.56, 95% CI 1.07 to
2.20, n=32). Deaths from falls (SMR=1.31, 95% CI 1.08
to 1.58, n=113) and other accidents (SMR=1.17, 95% CI 1.01
to 1.34, n=197) were also elevated.
By contrast with non-malignant outcomes, we observed
excess overall cancer mortality (SMR=1.14, 95% CI 1.10 to
1.18, n=3285) table 2). The elevation was largely attributable
to excess cancers of the lung (SMR=1.10, 95% CI 1.04 to
1.17, n=1046), oesophagus (SMR=1.39, 95% CI 1.14 to 1.67,
n=113), intestine (SMR=1.30, 95% CI 1.16 to 1.44, n=326)
rectum (SMR=1.45, 95% CI 1.16 to 1.78, n=89) and kidney
(SMR=1.29, 95% CI 1.05 to 1.58, n=94). There was little evidence of excess mortality from the remaining cancers of a priori
interest; however, statistically signiﬁcant SMRs were apparent
for buccal and pharynx cancers (SMR=1.40, 95% CI 1.13 to
1.72, n=94), malignancies of the liver, gall bladder and biliary
tract (SMR=1.30, 95% CI 1.06 to 1.57, n=107), and malignant mesothelioma (SMR=2.00, 95% CI 1.03 to 3.49, n=12).

Women and non-Caucasians
All-cause mortality among women was near expectation
(SMR=0.91, 95% CI 0.59 to 1.33, n=26). Accidental death
was the leading cause (SMR=2.79, 95% CI 1.21 to 5.50, n=8)
resulting in 31% of the total deaths among women. While there
was little evidence of excess overall cancer mortality among
women (SMR=0.74, 95% CI 0.27 to 1.61, n=6), most cancer
deaths were from breast cancer (SMR=1.46, 95% CI 0.30 to
4.26, n<5). Bladder cancer mortality was statistically signiﬁcant
(SMR=33.51, 95% CI 4.06 to 121.05, n<5) based on few
cases. Non-Caucasian males were characterised by decreased allcause mortality (SMR=0.68, 95% CI 0.62 to 0.74, n=453) and
all-cancers (SMR=0.80, 95% CI 0.65 to 0.97, n=104). They
had few observed deaths in any a priori outcome, and lung
cancer mortality was below expectation (SMR=0.67, 95% CI
0.44 to 0.97, n=27). Only prostate cancer mortality showed an
excess approaching statistical signiﬁcance (SMR=1.64, 95% CI
0.95 to 2.63, n=17) among non-Caucasian males (table 3).

Cancer incidence
There was little difference in SIRs when comparing analysis
approaches; therefore, reporting focused on results from the
multiple-cancer approach (table 2). All-cancer incidence was
slightly above expectation (SIR=1.09, 95% CI 1.06 to 1.12,
n=4461). Observed elevations in cancers of a priori interest
were generally consistent with mortality data as evidenced by
signiﬁcant excess cancers of the oesophagus (SIR=1.62, 95% CI
1.31 to 2.00, n=90); large intestine (SIR=1.21, 95% CI 1.09
to 1.34, n=381); kidney (SIR=1.27, 95% CI 1.09 to 1.48,
n=166) and lung (SIR=1.12, 95% CI 1.04 to 1.21, n=716). As
in mortality analyses, there were excess buccal and pharynx
cancers (SIR=1.39, 95% CI 1.19 to 1.62, n=174) and malignant mesothelioma (SIR=2.29, 95% CI 1.60 to 3.19, n=35).
Of those diagnosed with mesothelioma, 31 (88.6%) were
pleural. Excess laryngeal cancer incidence was also observed
(SIR=1.50, 95% CI 1.19 to 1.85, n=84). The incidence of
most remaining cancer sites was near expectation; however,
multiple myeloma was signiﬁcantly decreased (SIR=0.72, 95%
CI 0.50 to 0.99, n=36).
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Women and non-Caucasians
Overall cancer incidence among women was elevated, but not
signiﬁcantly (SIR=1.24, 95% CI 0.89 to 1.69, n=40).
Consistent with mortality, female bladder cancer incidence was
statistically signiﬁcant but based on few cases (SIR=12.53, 95%
CI 3.41 to 32.08, n<5). Nearly half of all cases were breast
cancer (SIR=1.45, 95% CI 0.86 to 2.29, n=18). Nearly all
breast cancers were diagnosed prior to the attained age of
55 years, with the highest SIR between the ages of 50 and
54 years (SIR=2.66, 95% CI 0.86 to 6.21, n=5). Left-sided
disease appeared more frequent (61%, n=11). Overall cancer
incidence among non-Caucasian male ﬁreﬁghters was near
expectation (SIR=0.92, 95% CI 0.81 to 1.05, n=240). There
was excess prostate cancer (SIR=1.26, 95% CI 1.02 to 1.54,
n=94) but decreased lung cancer (SIR=0.67, 95% CI 0.43 to
1.00, n=24) (tables 3 and 4).

Sensitivity analyses
Except for COPD and cancers of the lung, prostate and brain,
there was little evidence of heterogeneity in SMRs (see online
supplementary table S6) or SIRs (see online supplementary table
S7) across ﬁre departments for outcomes of a priori interest. For
mortality, the between-department variance was largely attributable to outlying decreased lung cancer (SMR=0.76, 95% CI
0.64 to 0.89, n=142) and COPD (SMR=0.53, 95% CI 0.40 to
0.69, n=57) in San Francisco ﬁreﬁghters, and excess cancers of
the prostate (SMR=1.28, 95% CI 1.08 to 1.50, n=152) and
lung (SMR=1.23, 95% CI 1.13 to 1.34, n=566) in Chicago
ﬁreﬁghters. The between-department variance in mortality persisted when using state populations as referent (see online supplementary table S8). Similarly, heterogeneous lung cancer
incidence stemmed from decreased cases among San Francisco
ﬁreﬁghters (SIR=0.70, 95% CI 0.56 to 0.87, n=81); however,
there was outlying excess prostate cancer incidence among
San Francisco ﬁreﬁghters (SIR=1.22, 95% CI 1.08 to 1.37,
n=276). Brain cancer SIRs varied widely across ﬁre departments; excess cancer was observed in San Francisco ﬁreﬁghters
(SIR=1.95, 95% CI 1.14 to 3.12, n=17), while decreased
cancer was reported for Chicago (SIR=0.53, 95% CI 0.28 to
0.91, n=13).
Restricting analyses to ﬁreﬁghters with one or more years of
employment had negligible effects (see online supplementary
table S9). Slight increases in SMRs were observed for most a
priori outcomes when restricting the cohort to incident hires,
although these differences were not statistically signiﬁcant.
Age-at-risk differences in mortality also lacked statistical signiﬁcance, but SMRs generally appeared greater at older ages. SMRs
for cancers of the breast (SMR=1.42, 95% CI 0.46 to 3.32,
n=5), oesophagus (SMR=1.41, 95% CI 1.05 to 1.86, n=51),
and kidney (SMR=1.47, 95% CI 1.09 to 1.95, n=48) were
highest among workers less than 65 years of age (see online supplementary table S10). Signiﬁcant age-at-risk differences in SIRs
were evident for prostate ( p<0.001) and bladder (p=0.002)
cancers (see online supplementary table S11). The heterogeneity
was largely attributable to signiﬁcant increases in prostate
(SIR=1.21, 95% CI 1.10 to 1.33, n=426) and bladder
(SIR=1.33, 95% CI 1.08 to 1.62, n=97) cancer risks among
ﬁreﬁghter aged 64 years or less. Excess prostate cancer was
limited to ages 45–59 years (SIR=1.45, 95% CI 1.28 to 1.64,
n=249), while the age pattern of excess bladder cancer incidence was unclear. The effects of restricting PYAR to age-at-risk
<85 were inconsequential (see online supplementary table S12).
Excluding ﬁreﬁghters without race information also had little
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Table 3

Standardised mortality and incidence ratios among men compared with the US population for causes of a priori interest
Mortality (1950–2009)

Cancer incidence (1985–2009)*

Caucasian

Other

Caucasian

Other
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Underlying cause (ICD-10 codes)

Obs

SMR (95% CI)

Obs

SMR (95% CI)

Obs

SIR (95% CI)

All causes
All cancers (C00-C97)
MN oesophagus (C15)
MN stomach (C16)
MN intestine (C17-C18)
MN rectum (C19-C21)
MN lung (C33-C34)
MN breast (C50)
MN prostate (C61)
MN other male genital (C60, C62-C63)
MN kidney (C64-C66)
MN bladder (C67-C68)†
MN brain (C47, C70-C72)
NHL (C46.3, C82-C85, C88.0, C88.3, C91.4, C96)‡
Leukaemia (C91.0-C91.3, C91.5-C91.9, C92-C95)
Multiple myeloma (C88.7, C88.9, C90)
COPD ( J40-J44)

11 549
3175
110
105
319
86
1019
5
265
<5
91
80
72
119
117
41
362

1.01
1.16
1.46
1.12
1.32
1.46
1.12
1.43
1.06
0.49
1.31
0.96
1.03
1.18
1.10
0.92
0.73

453
104
<5
5
7
<5
27
0
17
0
<5
<5
<5
<5
5
<5
5

0.68
0.80
0.51
0.81
0.68
1.21
0.67
NC
1.64
NC
1.05
1.19
0.44
1.01
1.28
0.35
0.50

NA
4181
87
87
379
159
689
6
1167
16
151
305
49
161
88
35
NA

NA
1.10
1.70
1.19
1.23
1.16
1.15
0.79
1.02
0.64
1.26
1.11
1.05
1.02
0.88
0.76
NA

(0.99
(1.12
(1.20
(0.92
(1.18
(1.17
(1.05
(0.46
(0.94
(0.13
(1.05
(0.76
(0.81
(0.98
(0.91
(0.66
(0.65

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

1.03)
1.20)
1.75)
1.36)
1.48)
1.81)
1.19)
3.34)
1.20)
1.26)
1.60)
1.19)
1.30)
1.41)
1.32)
1.25)
0.81)

(0.62 to
(0.65 to
(0.11 to
(0.26 to
(0.27 to
(0.25 to
(0.44 to

0.74)
0.97)
1.49)
1.89)
1.40)
3.53)
0.97)

(0.95 to 2.63)
(0.22 to
(0.14 to
(0.01 to
(0.28 to
(0.41 to
(0.01 to
(0.16 to

3.07)
4.30)
2.47)
2.60)
2.98)
1.97)
1.16)

(1.07 to
(1.36 to
(0.96 to
(1.11 to
(0.99 to
(1.07 to
(0.29 to
(0.96 to
(0.37 to
(1.06 to
(0.99 to
(0.78 to
(0.87 to
(0.71 to
(0.53 to

1.13)
2.09)
1.47)
1.36)
1.36)
1.24)
1.72)
1.08)
1.04)
1.47)
1.24)
1.39)
1.19)
1.09)
1.06)

Obs

SIR (95% CI)

NA
240
<5
6
18
7
24
<5
94
<5
14
7
<5
7
11
<5
NA

NA
0.92
0.73
0.76
0.90
0.62
0.67
3.32
1.26
0.38
1.46
0.92
0.67
0.56
1.90
0.24
NA

(0.81
(0.15
(0.28
(0.53
(0.25
(0.43
(0.40
(1.02
(0.01
(0.80
(0.37
(0.08
(0.23
(0.95
(0.01

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

1.05)
2.15)
1.66)
1.42)
1.28)
1.00)
12.00)
1.54)
2.13)
2.45)
1.91)
2.42)
1.16)
3.40)
1.32)

*Incidence results based on analysis of all invasive primary cancers (ie, multiple-cancer approach).
†Urinary bladder incidence included in situ (D09.0) and invasive cases as per SEER protocol.
‡NHL incidence data exclude Kaposi sarcoma (C46.3).
COPD, chronic obstructive pulmonary disease; ICD-10, International Classification of Diseases, 10th Revision; MN, malignancy; NA, not applicable; NC, not calculated; NHL, non-Hodgkin lymphoma; Obs, observed; SIR, standardised incidence ratio; SEER,
Surveillance, Epidemiology, and End Results; SMR, standardised mortality ratio.
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Table 4

Standardised mortality ratios (US population referent) and rate ratios for select outcomes* by employment duration (lagged 10 years)
Employment duration (years)
0–<10
Obs

Underlying cause (ICD-10 codes)
MN oesophagus (C15)

13

MN stomach (C16)

12

MN intestine (C17-C18)

27

MN rectum (C19-C21)

13

MN lung (C33-C34)

123

MN prostate (C61)

24

MN kidney (C64-C66)

12

MN bladder and other urinary (C67-C68)

8

MN brain and other nervous (C47, C70-C72)

12

NHL (C46.3, C82-C85, C88.0, C88.3, C91.4, C96)

18

Leukaemia (C91.0-C91.3, C91.5-C91.9, C92-C95)

18

Multiple myeloma (C88.7, C88.9, C90)
COPD ( J40-J44)

5
33

10–<20
SMR (95% CI)
SRR (95% CI)
1.17 (0.62 to
(Reference)
0.80 (0.41 to
(Reference)
0.86 (0.57 to
(Reference)
1.48 (0.79 to
(Reference)
1.02 (0.85 to
(Reference)
1.39 (0.89 to
(Reference)
1.10 (0.57 to
(Reference)
1.05 (0.45 to
(Reference)
0.65 (0.34 to
(Reference)
0.98 (0.58 to
(Reference)
0.91 (0.54 to
(Reference)
0.84 (0.27 to
(Reference)
0.78 (0.54 to
(Reference)

Obs

2.00)

28

1.40)

18

1.26)

52

2.54)

19

1.22)

184

2.07)

23

1.92)

18

2.08)

7

1.13)

15

1.55)

9

1.44)

23

1.96)

<5

1.10)

38

20–<30
SMR (95% CI)
SRR (95% CI)
1.72
2.43
0.92
0.33
1.27
1.16
1.58
0.99
1.03
1.32
1.08
0.66
1.24
0.61
0.65
0.25
0.88
0.80
0.51
1.18
1.36
2.24
0.52
0.56
0.69
1.07

(1.14 to
(1.07 to
(0.54 to
(0.08 to
(0.95 to
(0.38 to
(0.95 to
(0.33 to
(0.88 to
(0.97 to
(0.68 to
(0.31 to
(0.73 to
(0.26 to
(0.26 to
(0.08 to
(0.49 to
(0.30 to
(0.23 to
(0.41 to
(0.86 to
(0.92 to
(0.14 to
(0.11 to
(0.49 to
(0.60 to

2.48)
5.50)
1.45)
1.43)
1.67)
3.54)
2.46)
2.97)
1.19)
1.80)
1.62)
1.41)
1.95)
1.48)
1.34)
0.79)
1.46)
2.19)
0.96)
3.45)
2.05)
5.50)
1.34)
2.82)
0.94)
1.91)

Obs

53
47
171
37
523
148
47
46
32
63
54
22
185

30+
SMR (95% CI)
SRR (95% CI)
1.40
1.17
1.07
0.39
1.42
0.62
1.35
0.61
1.14
1.24
1.10
0.84
1.43
1.25
1.08
1.15
1.17
1.48
1.35
1.15
1.11
1.36
0.97
1.59
0.70
1.03

(1.05 to
(0.56 to
(0.79 to
(0.10 to
(1.22 to
(0.27 to
(0.95 to
(0.24 to
(1.05 to
(0.91 to
(0.93 to
(0.47 to
(1.05 to
(0.58 to
(0.79 to
(0.49 to
(0.80 to
(0.60 to
(1.04 to
(0.60 to
(0.83 to
(0.65 to
(0.61 to
(0.47 to
(0.60 to
(0.67 to

1.83)
2.41)
1.43)
1.55)
1.65)
1.44)
1.86)
1.52)
1.24)
1.68)
1.29)
1.50)
1.90)
2.69)
1.45)
2.70)
1.65)
3.68)
1.73)
2.22)
1.45)
2.87)
1.47)
5.41)
0.81)
1.60)

Obs

19
33
76
20
216
87
17
23
14
33
27
11
111

SMR (95% CI)
SRR (95% CI)
1.18
0.60
1.53
0.40
1.28
0.40
1.52
0.43
1.12
0.80
1.01
0.69
1.19
0.70
0.94
1.03
1.47
1.52
1.47
1.04
1.06
1.13
0.99
1.25
0.75
0.83

(0.71 to
(0.27 to
(1.06 to
(0.10 to
(1.01 to
(0.17 to
(0.93 to
(0.16 to
(0.98 to
(0.59 to
(0.81 to
(0.39 to
(0.69 to
(0.29 to
(0.60 to
(0.38 to
(0.80 to
(0.53 to
(1.01 to
(0.51 to
(0.70 to
(0.48 to
(0.49 to
(0.33 to
(0.62 to
(0.53 to

1.84)
1.35)
2.15)
1.58)
1.60)
0.94)
2.34)
1.14)
1.28)
1.08)
1.25)
1.22)
1.91)
1.67)
1.41)
2.83)
2.46)
4.34)
2.06)
2.15)
1.54)
2.67)
1.77)
4.75)
0.91)
1.31)

Trend slope†, p Value
−2.14×10−6, 0.141
3.06×10−7, 0.822
−7.54×10−6, <0.001
−1.61×10−6, 0.001
−8.83×10−6, 0.216
−2.03×10−6, 0.192
−1.05×10−7, 0.924
2.58×10−6, 0.258
1.01×10−6, 0.118
−7.39×10−8, 0.849
−5.10×10−9, 0.997
5.27×10−7, 0.407
−2.80×10−6, 0.005

*Excluding a priori causes with total observations <20.
†Cause-specific deaths per year of employment-person-year.
COPD, chronic obstructive pulmonary disease; ICD-10, International Classification of Diseases, 10th Revision; MN, malignancy; NHL, non-Hodgkin lymphoma; Obs, observed; SMR, standardised mortality ratio; SRR, standardised rate ratio.
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effect on a priori outcomes (results not shown). Finally, there
was no apparent trend in increasing risk with employment duration; however, negative trends in COPD and colorectal cancer
SRRs were evident (table 4). Subsequent sensitivity analyses
revealed that SRRs were largely dependent on selection of cutpoints and lag periods (results not shown).

DISCUSSION
This study is among the largest examining cancer risk in career
ﬁreﬁghters. The pooled approach and long follow-up period
improved risk estimates relative to previous studies. With few
exceptions, there was little evidence of signiﬁcant cancer risk
heterogeneity across ﬁre departments or age groups.
Furthermore, sensitivity analyses did not suggest the potential
for signiﬁcant bias from including short-term workers, prevalent
hires, or person-time in the open-ended age-group (85+ years).
Despite notable differences in the analytical approaches, we
observed remarkable similarities between mortality and incidence analyses. Additionally, the results of incidence analyses
were not signiﬁcantly affected by the choice of including multiple primaries or only the ﬁrst cancer diagnosis. The lack of signiﬁcant differences in results between ﬁre departments,
end-points, and analytic techniques suggest that the pooled
study ﬁndings are robust and generalisable to similar ﬁreﬁghter
populations.
We observed decreases in many non-malignant diseases that
suggest improved health in these ﬁreﬁghters compared with the
general population. This ﬁnding is not surprising given health
requirements for entering and remaining in the ﬁre service.
Nevertheless, there was a modest excess in overall cancer mortality and incidence brought about by excess solid cancers at
several sites of a priori interest. With few exceptions, our results
are consistent with those previously reported and similar to
SREs presented in the meta-analysis by LeMasters et al.14
Nevertheless, we found little evidence of excess cancers of the
testes, brain and lymphohematopoietic systems, which is contrary to the synthesis by LeMasters et al14 and subsequently
published studies.8 11
We observed about a twofold increase in malignant mesothelioma mortality and incidence compared with the US population.
Malignant mesothelioma is largely attributable to asbestos
exposure, with sparse evidence of other causes.22 Excess malignant mesothelioma in US ﬁreﬁghters was not previously
described; however, excess incidence was recently observed in
Nordic ﬁreﬁghters aged 70+ years,23 and increased risk of
asbestos-induced pulmonary and pleural ﬁbrosis was reported in
a study of New York City ﬁreﬁghters.24 Although ﬁreﬁghter
exposures to asbestos are known, the absence of previous
reports of malignant mesothelioma is not surprising given the
rarity and extremely long latency (20–40 years) of the disease.
The average time between the date ﬁrst employed and the date
of diagnosis in the current study was 45 years; therefore, ﬁreﬁghting exposure-induced disease may be discernible only after
lengthy follow-up. Also, previous studies have been hindered by
the lack of speciﬁc codes for mesothelioma deaths before
ICD-10.
We observed excess digestive cancers, mainly of oesophageal
and colorectal sites. Information on occupational causes is
sparse, although there is limited evidence suggesting asbestos
and diesel exhaust exposures may be weakly associated with
gastrointestinal cancers.25 26 Still, the relation between these
hazardous exposures and digestive cancers appears small compared to the effects of other factors such as diet, obesity, physical activity, tobacco use and alcohol consumption.22 27 We also
8

found increased risk of oral, pharyngeal and laryngeal cancers,
compared with the US population. Similar to digestive cancers,
important risk factors for these sites are tobacco and alcohol
consumption, with lesser evidence that exposures to wood
dusts, smoke, asbestos, PAHs and acid mists may also increase
risk.22 28 29
Some insight into the degree of a potential bias from the lack
of controlling for lifestyle factors can be gained from previous
surveillance of ﬁreﬁghter behaviours. For example, the prevalence of smoking among current ﬁreﬁghters appears less than
the general population, and is decreasing, 30–33 a trend that is
consistent with observed decreases in non-malignant smoking–
related diseases (eg, COPD, stroke) but contradictory to excess
digestive, oral and respiratory cancers. As another example, previous studies suggest there is increased obesity among ﬁreﬁghters compared with the general population. 34–36 Obesity, or a
dietary intake that is high in meat, fat, or overall caloric intake
could contribute increased gastric or colorectal cancer risk,
although concomitant elevations in health outcomes that are
more strongly related to these factors (eg, ischaemic heart
disease, diabetes mellitus, hypertension and stroke) were not
found. Last, information on alcohol consumption within the ﬁre
service is sparse and inconsistent.37–40 Some studies suggest that
ﬁreﬁghter behaviours may differ from the general population,
although it is not clear that any perceived behavioural difference
is sufﬁcient to explain disparities in alcohol-related health outcomes. In the current study, the information on non-malignant
and potentially alcohol-related mortality was at conﬂict; there
was excess mortality from cirrhosis and other chronic liver
disease, but fewer than expected alcoholism deaths. Alternate
explanations for increased cirrhosis mortality may be exposures
to chemical toxins or infectious disease, 41–43 which may also
account for excess acute renal dysfunction, a disease that is
more common among those with chronic liver disease.
Fewer than 4% of ﬁreﬁghters in our study were women.
There was evidence of excess female bladder and breast cancers;
however, only bladder cancer mortality and incidence reached
statistical signiﬁcance. Modest excess bladder cancer has been
observed in some occupations involving known or suspected
bladder carcinogens (eg, PAHs, and diesel exhaust), yet contrary
to our ﬁndings, risk patterns by occupation tend not to differ by
gender.22 There is little evidence linking female breast cancer to
workplace exposures; however, prolonged shift work may be a
risk factor (and to a lesser extent a risk factor for prostate,
colon and endometrial cancers).2 Moreover, similar ﬁndings had
not been reported previously, although increased risk of
Hodgkin lymphoma and cancers of the cervix and thyroid
among women ﬁreﬁghters (n=2017) was recently described.11
Given the small sample and the lack of conﬁrmatory results, our
ﬁndings on female outcomes merit cautious interpretation.
Excess bladder and prostate cancer incidence was found
among ﬁreﬁghters less than 65 years of age. Interestingly, the
prostate cancer excess was limited to ages between 45years and
59 years, which was consistent with recent observations in
Nordic ﬁreﬁghters.23 Similar mortality patterns were not
observed. These cancers have relatively high survival; therefore,
the underlying cause of death may be an inferior risk measure
compared to cancer diagnoses. The early onset of these cancers
suggests an association with ﬁreﬁghting. Prostate and bladder
cancer diagnoses can occur following routine screening.44 45 As
an alternative explanation, differences in medical screening (eg,
prostate-speciﬁc antigen tests) among ﬁreﬁghters compared to
the general population could have contributed to the observed
excess. Data on cancer screening practices are lacking; however,
Daniels RD, et al. Occup Environ Med 2013;0:1–10. doi:10.1136/oemed-2013-101662
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it is plausible that screening may be more frequent among ﬁreﬁghters with improved healthcare availability and heightened
cancer awareness.
There was little evidence of increasing cancer risk with
increasing employment; however, there were notable analytical
shortcomings that merit discussion. First, rather than specifying
cut-points and an exposure lag period speciﬁc to each outcome,
we applied cut-points (10, 20 and 30 years) used in earlier
studies5 9 46 and a common exposure lag period (10 years) to all
outcomes; these choices were found to be inﬂuential in subsequent sensitivity analyses. Second, our methods have limited
capability to account for HWE or other sources of bias that may
have masked a dose response. Last, employment duration may
poorly represent exposure potential given that some jobs are
prone to lower exposures compared with others. For these
reasons, a detailed exposure assessment is underway to support
multivariable regression modelling for improved dose-response
analyses.
Death certiﬁcates and registry data used in the current study
are imperfect measures of cancer risk. In the absence of a
national cancer registry, coverage is limited geographically;
therefore, cases occurring outside catchment areas would be
missed. Cases occurring before the registries attained comprehensive coverage have also been missed. Mortality analyses have
the advantage of broader temporal and spatial coverage, but
may poorly characterise cancers with relatively high survival (eg,
cancers of the breast, bladder, testes and larynx). Finally, there
may have been errors in tracing which can also bias study
results. Although errors in ascertainment cannot be ruled out,
our use of multiple information sources and end points, and the
low numbers of participants lost to follow-up or moving out of
catchment areas, act to minimise these errors.

CONCLUSION
In this ﬁrst phase of examining health effects in career ﬁreﬁghters, we report on mortality and cancer incidence among nearly
30 000 career ﬁreﬁghters followed from 1950 through 2009.
Compared with the US population, we found small to moderate
increases in risk for several cancer sites and for all cancers combined, stemming mostly from excess malignancies of the respiratory, digestive and urinary systems in otherwise healthy
individuals. Our ﬁndings are consistent with previous studies
and strengthen evidence of a relation between ﬁreﬁghters’ occupational exposure and cancer. We found a previously unreported twofold excess of malignant mesothelioma among
ﬁreﬁghters. Given that asbestos is the only known causal agent
for malignant mesothelioma, and ﬁreﬁghter exposures are probable, the excess is likely to be a causal association.
This report provides the foundation for subsequent analyses
of ﬁreﬁghter risks, some of which are ongoing. In upcoming
research, detailed employment histories (eg, number and types
of ﬁre runs) and institutional knowledge (eg, use of respiratory
protection and source capture ventilation of diesel exhaust) will
be used to derive exposure metrics to more accurately examine
dose response. Future regression modelling will also enable
examination of temporal effects that are poorly suited to lifetable analyses, such as time since ﬁrst exposure. Expansion and
continued follow-up of this cohort would enhance future analyses, particularly among women and non-Caucasian ﬁreﬁghters.
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I.

POLICY
A.

II.

III.

This directive establishes guidelines to help reduce the exposure of personnel
and visitors to diesel or gasoline emissions. The following procedures shall be
observed by personnel assigned to fire stations.

APPARATUS USE
A.

All doors that separate the apparatus floor from living and working areas shall
remain closed when the apparatus is moved in or out of the station.

B.

Maintain engine at low R.P.M. when pulling out of fire stations to minimize output
of exhaust fumes.

C.

Once vehicle is started, pull outside of the fire station as soon as possible in a
safe manner. Engine oil pressure shall be in the operating range before moving
apparatus.

D.

Whenever possible, apparatus room doors shall remain open until fumes have
dissipated.

E.

Personnel assigned to fire stations with mechanical exhaust ventilation systems
shall utilize and operate these systems when leaving or returning to the station.

F.

If exhaust fumes accumulate in living or work areas, personnel shall avoid
working in these areas until properly vented.

G.

Personnel shall use pre-heater cords on appropriate apparatus when the vehicle
is parked inside the fire station.

MECHANICAL MAINTENANCE
A.

Whenever possible, remove apparatus from the station to an outside area.

B.

If apparatus cannot be moved from the station, ensure that all apparatus room
doors and windows are open and that all doors separating the apparatus room
from working and living areas are closed.

C.

If equipped with a mechanical exhaust ventilating system, this system shall
remain connected to the vehicle and be put into operation.
Operational Directive 3037
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IV.

WEEKLY CHECKS OF POWER TOOLS AND EQUIPMENT
A.

Operation of diesel and gasoline powered engines started during weekly checks,
shall be done outside of the fire station.

B.

Generators permanently mounted on apparatus shall be started out of quarters.

Operational Directive 3037
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A HEALTHCARE PROVIDER’S GUIDE TO

FIREFIGHTER PHYSICALS
YOUR PATIENT IS A FIREFIGHTER!

• Firefighters face unique occupational health risks due to the demands of their job.
• Firefighters routinely operate in harsh work environments with:
o excessive heat
o dense smoke

o emotionally charged situations
o extreme physical challenges

o toxic chemicals

• Firefighters wear more than 70 pounds of equipment.
• Firefighters breathe compressed air.
• Firefighters represent a distinct subset of the general population.

Firefighters As Tactical Athletes
Physiological Demands of Firefighting

These extreme physical, mental and environmental
stresses increase the firefighter’s risks of morbidity
and mortality for:

Cardiovascular events:

Cardiovascular events are the leading cause of
Line of Duty Deaths among firefighters1 and, for
every line of duty death, there are an estimated
17 non-fatal cardiac events on duty among
firefighters2.

Musculoskeletal injuries:

The National Fire Protection Association estimates
firefighters get more than 71,000 injuries a year3.

Behavioral health issues:
Of firefighters, 46.8% have considered suicide and
15.5% have had an attempt during the course of
their career4.

Cancer:

In 32 states and in 9 Canadian provinces, several
types of cancer are considered work-related.5
Family history and lifestyle habits obviously add
to these risks.
The purpose for this document is to assist the healthcare provider in the evaluation, treatment, and ongoing
surveillance of the health and wellness of firefighters. The recommendations in this document are supported
by ongoing clinical research of firefighters’ health and by the extensive experience and expertise of the
providers caring for them. These recommendations are offered as assistance for healthcare providers making
clinical decisions regarding the medical fitness and/or treatment of firefighters. They are not to take the place
of your medically reasonable, appropriate and necessary medical evaluation of the firefighter. As with any
clinical references, they should be used with the understanding that ongoing research may result in new
information and revised recommendations.

For more information: www.fstaresearch.org/GetChecked
To provide feedback: fstar@iafc.org
rev:Nov2017

| Firefighter Safety Through Advanced Research (FSTAR) Health

PHYSICAL EXAMINATION CHECKLIST
RECOMMENDED YEARLY SCREENING
Vitals: BP, HR, RR, Wt, Body Fat Percentage
Multi-System PE: skin, mouth, thyroid, vascular, neurologic and musculoskeletal
Labs: CMP, CBC, Lipid Panel, TSH, Urinalysis, HbA1c
Testing: 12-lead EKG, eye exam, hearing test, oxygen saturation
Family History: CVD, sudden cardiac death, diabetes and cancer
Personal Health Behaviors: tobacco use, alcohol, exercise, dietary habits

CARDIOVASCULAR HEALTH AND FITNESS
Significant cardiovascular demands of firefighting lead to acute coronary events that account for 45% of deaths among on-duty
firefighters, in contrast to 15% of all deaths occurring on conventional jobs. Myocardial infarction is the leading cause of death of
firefighters, and these events occur almost exclusively in susceptible firefighters with underlying cardiovascular disease (CVD). It is
therefore prudent to thoroughly screen for, and aggressively treat, all CVD risk factors, including diabetes, in this very high risk group
of patients.
Ischemia is best evaluated by an imaging exercise stress test (nuclear or echocardiography) beginning at age 40 or earlier 		
for clinical suspicion. Exercise stress testing without imaging is not recommended as it may fail to identify one-third of 		
those who may need cardiac intervention (angioplasty or bypass surgery).
Consider Coronary Artery Calcium CT scan to evaluate occult coronary artery disease.
Echocardiography is recommended once as a baseline to evaluate significant cardiac structural abnormalities, including LVH 		
and HCM.

CANCER
Chronic exposures to heat, smoke, and toxic flame retardants through inhalation, ingestion, and skin absorption put firefighters at risk
for many cancers. The National Institute for Occupational Safety and Health (NIOSH) performed a multi-year study of nearly 30,000
firefighters to better understand the potential link between firefighting and cancer. The firefighters studied showed higher rates of
certain types of cancer than the general U.S. population in digestive, oral, respiratory, and urinary cancers. Providers should be
especially vigilant to conduct cancer screening efforts in these particular areas. The following cancer screening recommendations for
firefighters do exceed those of the USPSTF guidelines for the general population. It is because of our extensive clinical experiences
dealing with firefighter health issues that we are strongly advocating for these screening tests in this high risk group. We rely on your
medical judgment to prescribe the most appropriate screenings in this unique patient population.
Colonoscopy or other appropriate colon cancer screening beginning at age 40.
Annual PSA with digital rectal exam between 40-45. Sufficient information regarding the risk and benefits of screening and
treatment should be discussed.
Annual pap smear.
Annual mammograms beginning at age 40. Discuss screening at an earlier age if there is a family history or any patient concern.
Annual testicular exam and instruction about self-examination.
Annual head to toe skin examination and appropriate dermatology follow-up.
Urinalysis annually for microscopic hematuria.

MUSCULOSKELETAL INJURIES
The high intensity and dynamic work environment of firefighting leads to a high incidence of musculoskeletal injuries. Low back
injuries represent approximately 50% of all job related musculoskeletal injuries among firefighters. These include strains, sprains,
and intervertebral disc injuries, often leading to significant morbidity with the possibility of permanent disability. Obesity and
deconditioning are strong predictors of musculoskeletal injuries.
Address underlying musculoskeletal issues. Assess for full range of motion, low back strength and flexibility as well as core
muscle strength.
Refer as necessary for treatment.
Encourage flexibility and core strengthening exercises.

A Healthcare Provider’s Guide to Firefighter Physicals

BEHAVIORAL HEALTH
The mental and physical stress of firefighting and repeated exposure to trauma can lead to depression, anxiety, acute stress reactions,
post-traumatic stress, and suicidal ideation. Self-medication with alcohol and drugs can result in substance abuse disorders.
Behavior health screening.
1. Prime MD: http://www.psy-world.com/prime-md_print1.htm
2. AUDIT & CAGE for Alcohol Screening: http://pubs.niaaa.nih.gov/publications/arh28-2/78-79.htm

LUNG DISEASE
In the line of duty, firefighters are often exposed to carbon monoxide and other inhaled toxins, or irritants that may lead to acute
respiratory issues such as hypoxemia or bronchoconstriction. Repeated exposure may cause chronic pulmonary disease and abnormal
lung function. Changes in lung function and the development of lung disease may be detected with baseline and periodic assessment
and should include the following tests.
Spirometry: Baseline and annual pulmonary function testing in those with a history of respiratory health problems and in
healthy individuals; to include FEV1, FVC, and the absolute FEV1/FVC ratio.
Chest x-ray: Baseline chest x-ray in those with any respiratory symptoms or disease and in healthy individuals. Repeat chest
x-rays every 5 years or sooner if medically indicated.
Consider low dose CT for screening for lung cancer in high risk individuals.

SLEEP DISORDERS
Sleep disorders are highly prevalent in firefighters and include sleep apnea, insomnia, shift-work disorder, and restless leg syndromes.
It is imperative to screen firefighters for these disorders since they substantially increase the risks for motor vehicle accidents,
cardiovascular disease, diabetes, depression, and anxiety in firefighters.
Assess sleep and use of sleep medications.
Screen for sleep apnea and consider sleep study as indicated.
Helpful screening tools include:
1. Epworth Sleepiness Scale: http://bami.us/Sleep/SleepScale.html / yoursleep.aasmnet.org/pdf/Epworth.pdf
2. STOP-Bang questionnaire: http://www.stopbang.ca/osa/screening.php
3. Berlin questionnaire: https://www.fairview.org/fv/groups/internet/documents/web_content/s_062202.pdf
4. Diagnosis of obstructive sleep apnea (OSA) algorithm: guideline.gov/algorithm/6582/NGC-6582_1.pdf

INFECTIOUS DISEASES
Firefighters are often first on the scene of an emergency and may be exposed to HIV, hepatitis (A, B and C), TB and other infectious diseases.
Establish immunity by vaccination record review and/or titers and update vaccines including Tdap, MMR, HBV, and Varicella.
Consider hepatitis A vaccine.
Baseline and periodic screening for HIV, HBV, HCV and other communicable diseases.
Provide annual influenza vaccine.

SUPPORTING DOCUMENTS
Standard on Comprehensive Occupational Medical Program for Fire Departments NFPA 1582,
http://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards?mode=code&code=1582
A Fire Department’s Guide to Implementing NFPA 1582,
http://www.iafc.org/files/1SAFEhealthSHS/shs_FDguideToImplementingNPFA1582.pdf
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IARC: DIESEL ENGINE EXHAUST CARCINOGENIC
Lyon, France, June 12, 2012 ‐‐ After a week-long meeting of international experts, the International
Agency for Research on Cancer (IARC), which is part of the World Health Organization (WHO), today
classified diesel engine exhaust as carcinogenic to humans (Group 1), based on sufficient evidence
that exposure is associated with an increased risk for lung cancer.
Background
In 1988, IARC classified diesel exhaust as probably carcinogenic to humans (Group 2A). An Advisory Group
which reviews and recommends future priorities for the IARC Monographs Program had recommended
diesel exhaust as a high priority for re-evaluation since 1998.
There has been mounting concern about the cancer-causing potential of diesel exhaust, particularly based
on findings in epidemiological studies of workers exposed in various settings. This was re-emphasized by
the publication in March 2012 of the results of a large US National Cancer Institute/National Institute for
Occupational Safety and Health study of occupational exposure to such emissions in underground miners,
which showed an increased risk of death from lung cancer in exposed workers (1).
Evaluation
The scientific evidence was reviewed thoroughly by the Working Group and overall it was concluded that
there was sufficient evidence in humans for the carcinogenicity of diesel exhaust. The Working Group
found that diesel exhaust is a cause of lung cancer (sufficient evidence) and also noted a positive
association (limited evidence) with an increased risk of bladder cancer (Group 1).
The Working Group concluded that gasoline exhaust was possibly carcinogenic to humans (Group 2B), a
finding unchanged from the previous evaluation in 1989.
Public health
Large populations are exposed to diesel exhaust in everyday life, whether through their occupation or
through the ambient air. People are exposed not only to motor vehicle exhausts but also to exhausts from
other diesel engines, including from other modes of transport (e.g. diesel trains and ships) and from power
generators.
Given the Working Group’s rigorous, independent assessment of the science, governments and other
decision-makers have a valuable evidence-base on which to consider environmental standards for diesel
exhaust emissions and to continue to work with the engine and fuel manufacturers towards those goals.
Increasing environmental concerns over the past two decades have resulted in regulatory action in North
America, Europe and elsewhere with successively tighter emission standards for both diesel and gasoline
engines. There is a strong interplay between standards and technology – standards drive technology and
new technology enables more stringent standards. For diesel engines, this required changes in the fuel
such as marked decreases in sulfur content, changes in engine design to burn diesel fuel more efficiently
and reductions in emissions through exhaust control technology.
However, while the amount of particulates and chemicals are reduced with these changes, it is not yet
clear how the quantitative and qualitative changes may translate into altered health effects; research into
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this question is needed. In addition, existing fuels and vehicles without these modifications will take many
years to be replaced, particularly in less developed countries, where regulatory measures are currently
also less stringent. It is notable that many parts of the developing world lack regulatory standards, and
data on the occurrence and impact of diesel exhaust are limited.
Conclusions
Dr Christopher Portier, Chairman of the IARC working Group, stated that “The scientific evidence was
compelling and the Working Group’s conclusion was unanimous: diesel engine exhaust causes lung
cancer in humans.” Dr Portier continued: “Given the additional health impacts from diesel particulates,
exposure to this mixture of chemicals should be reduced worldwide.“(2)
Dr Kurt Straif, Head of the IARC Monographs Program, indicated that “The main studies that led to this
conclusion were in highly exposed workers. However, we have learned from other carcinogens, such as
radon, that initial studies showing a risk in heavily exposed occupational groups were followed by positive
findings for the general population. Therefore actions to reduce exposures should encompass workers
and the general population.”
Dr Christopher Wild, Director, IARC, said that “while IARC’s remit is to establish the evidence-base for
regulatory decisions at national and international level, today’s conclusion sends a strong signal that
public health action is warranted. This emphasis is needed globally, including among the more vulnerable
populations in developing countries where new technology and protective measures may otherwise take
many years to be adopted.”
Summary evaluation
The summary of the evaluation will appear in The Lancet Oncology as an online publication ahead of print
on June 15, 2012.
(1) JNCI J Natl Cancer Inst (2012) doi:10.1093/jnci/djs034
http://jnci.oxfordjournals.org/content/early/2012/03/05/jnci.djs034.abstract; and
JNCI J Natl Cancer Inst (2012) doi: 10.1093/jnci/djs035
http://jnci.oxfordjournals.org/content/early/2012/03/05/jnci.djs035.abstract
(2) Dr Portier is Director of the National Center for Environmental Health and the Agency for Toxic
Substances and Disease Registry at the Centers for Disease Control and Prevention (USA).

For more information, please contact
Dr Kurt Straif, IARC Monographs Section, at +33 472 738 507, or straifk@iarc.fr;
Dr Lamia Tallaa, IARC Monographs Section, at +33 472 738 385, or tallaal@iarc.fr;
Nicolas Gaudin, IARC Communications Group, at +33 472 738 478, or com@iarc.fr;
Fadela Chaib, WHO News Team, at +41 79 475 55 56, or chaibf@who.int.
Link to the audio file posted shortly after the media briefing:
http://terrance.who.int/mediacentre/audio/press_briefings/

About IARC
The International Agency for Research on Cancer (IARC) is part of the World Health Organization. Its
mission is to coordinate and conduct research on the causes of human cancer, the mechanisms of
carcinogenesis, and to develop scientific strategies for cancer control. The Agency is involved in both
epidemiological and laboratory research and disseminates scientific information through publications,
meetings, courses, and fellowships.

IARC, 150 Cours Albert Thomas, 69372 Lyon CEDEX 08, France - Tel: +33 (0)4 72 73 84 85 - Fax: +33 (0)4 72 73 85 75
© IARC 2012 - All Rights Reserved.
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Annexes

Evaluation groups - Definitions
Group 1: The agent is carcinogenic to humans.
This category is used when there is sufficient evidence of carcinogenicity in humans. Exceptionally, an
agent may be placed in this category when evidence of carcinogenicity in humans is less than sufficient
but there is sufficient evidence of carcinogenicity in experimental animals and strong evidence in exposed
humans that the agent acts through a relevant mechanism of carcinogenicity.
Group 2.
This category includes agents for which, at one extreme, the degree of evidence of carcinogenicity in
humans is almost sufficient, as well as those for which, at the other extreme, there are no human data but
for which there is evidence of carcinogenicity in experimental animals. Agents are assigned to either
Group 2A (probably carcinogenic to humans) or Group 2B (possibly carcinogenic to humans) on the basis
of epidemiological and experimental evidence of carcinogenicity and mechanistic and other relevant data.
The terms probably carcinogenic and possibly carcinogenic have no quantitative significance and are
used simply as descriptors of different levels of evidence of human carcinogenicity, with probably
carcinogenic signifying a higher level of evidence than possibly carcinogenic.


Group 2A: The agent is probably carcinogenic to humans.
This category is used when there is limited evidence of carcinogenicity in humans and sufficient
evidence of carcinogenicity in experimental animals. In some cases, an agent may be classified in
this category when there is inadequate evidence of carcinogenicity in humans and sufficient
evidence of carcinogenicity in experimental animals and strong evidence that the carcinogenesis
is mediated by a mechanism that also operates in humans. Exceptionally, an agent may be
classified in this category solely on the basis of limited evidence of carcinogenicity in humans. An
agent may be assigned to this category if it clearly belongs, based on mechanistic considerations,
to a class of agents for which one or more members have been classified in Group 1 or Group 2A.



Group 2B: The agent is possibly carcinogenic to humans.
This category is used for agents for which there is limited evidence of carcinogenicity in humans
and less than sufficient evidence of carcinogenicity in experimental animals. It may also be used
when there is inadequate evidence of carcinogenicity in humans but there is sufficient evidence of
carcinogenicity in experimental animals. In some instances, an agent for which there is
inadequate evidence of carcinogenicity in humans and less than sufficient evidence of
carcinogenicity in experimental animals together with supporting evidence from mechanistic and
other relevant data may be placed in this group. An agent may be classified in this category solely
on the basis of strong evidence from mechanistic and other relevant data.

Group 3: The agent is not classifiable as to its carcinogenicity to humans.
This category is used most commonly for agents for which the evidence of carcinogenicity is inadequate in
humans and inadequate or limited in experimental animals.
Exceptionally, agents for which the evidence of carcinogenicity is inadequate in humans but sufficient in
experimental animals may be placed in this category when there is strong evidence that the mechanism of
carcinogenicity in experimental animals does not operate in humans.
Agents that do not fall into any other group are also placed in this category.
An evaluation in Group 3 is not a determination of non‐carcinogenicity or overall safety. It often means that
further research is needed, especially when exposures are widespread or the cancer data are consistent
with differing interpretations.

IARC, 150 Cours Albert Thomas, 69372 Lyon CEDEX 08, France - Tel: +33 (0)4 72 73 84 85 - Fax: +33 (0)4 72 73 85 75
© IARC 2012 - All Rights Reserved.
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Group 4: The agent is probably not carcinogenic to humans.
This category is used for agents for which there is evidence suggesting lack of carcinogenicity in humans
and in experimental animals. In some instances, agents for which there is inadequate evidence of
carcinogenicity in humans but evidence suggesting lack of carcinogenicity in experimental animals,
consistently and strongly supported by a broad range of mechanistic and other relevant data, may be
classified in this group.

Evidence for studies in humans - Definition
As shown previously, the evidence relevant to carcinogenicity is evaluated using standard terms. For
studies in humans, evidence is defined into one of the following categories:
Sufficient evidence of carcinogenicity: The Working Group considers that a causal relationship has
been established between exposure to the agent and human cancer. That is, a positive relationship has
been observed between the exposure and cancer in studies in which chance, bias and confounding could
be ruled out with reasonable confidence. A statement that there is sufficient evidence is followed by a
separate sentence that identifies the target organ(s) or tissue(s) where an increased risk of cancer was
observed in humans. Identification of a specific target organ or tissue does not preclude the possibility that
the agent may cause cancer at other sites.
Limited evidence of carcinogenicity: A positive association has been observed between exposure to
the agent and cancer for which a causal interpretation is considered by the Working Group to be credible,
but chance, bias or confounding could not be ruled out with reasonable confidence.
Inadequate evidence of carcinogenicity: The available studies are of insufficient quality, consistency or
statistical power to permit a conclusion regarding the presence or absence of a causal association
between exposure and cancer, or no data on cancer in humans are available.
Evidence suggesting lack of carcinogenicity: There are several adequate studies covering the full
range of levels of exposure that humans are known to encounter, which are mutually consistent in not
showing a positive association between exposure to the agent and any studied cancer at any observed
level of exposure. The results from these studies alone or combined should have narrow confidence
intervals with an upper limit close to the null value (e.g. a relative risk of 1.0). Bias and confounding should
be ruled out with reasonable confidence, and the studies should have an adequate length of follow‐up. A
conclusion of evidence suggesting lack of carcinogenicity is inevitably limited to the cancer sites,
conditions and levels of exposure, and length of observation covered by the available studies. In addition,
the possibility of a very small risk at the levels of exposure studied can never be excluded.

In some instances, the above categories may be used to classify the degree of evidence related to
carcinogenicity in specific organs or tissues.

IARC, 150 Cours Albert Thomas, 69372 Lyon CEDEX 08, France - Tel: +33 (0)4 72 73 84 85 - Fax: +33 (0)4 72 73 85 75
© IARC 2012 - All Rights Reserved.

Gross Decontamination on the Fire Scene
A. Purpose
This Order will provide a procedure that will remove the harmful chemicals and
carcinogens that are accumulated through fire extinguishment and overhaul through on
scene gross decontamination.
B. Responsibility
It shall be the responsibility of the Incident Command and/or the Safety Officer to
ensure that any necessary decontamination of firefighters and equipment be completed
before returning to quarters.
It shall be the responsibility of the driver/operator of the attack engine to establish the
decontamination line ASAP.
It shall be the responsibility of the individual firefighters to ensure that they are
decontaminated prior to removing facepieces, exchanging air bottles, or prior to
returning to quarters.
C. Equipment Needed
1.
2.
3.
4.
5.
6.
7.
8.

5-gallon bucket
Baby wipes
Garden hose to 2 ½” adapter
Garden hose
Nozzle or wand
Dawn dish soap
Heavy duty brush
Heavy duty large trash bags

D. Procedures
Individuals performing the decontamination should wear at the minimum eye
protection, a N-95 respirator, and latex gloves.
The decontamination hose line will be charged to pump pressure only. Firefighters
should take advantage of this decontamination line prior to exchanging their air
cylinders. The hose line will also be used for post incident decontamination.

www.FirefighterCancerConsultants.com

If practical crews should perform these gross decontamination procedures on each
other while they are still on air. Staying on air will prevent firefighters from getting
contaminants splashed into their face and also protect them from inhaling airborne
contaminants that are off gassing from their PPE.
Wet Decontamination Procedures
1.
2.
3.
4.
5.
6.
7.
8.

Add dawn to the brush.
Brush and wash off your gloves.
Close all pockets and flaps.
Slowly, without tipping it, remove and wash your helmet.
Clutch collar to minimize water entering through the neck opening.
With your hood in place, wash off your hood, facepiece, and regulator.
Wash your SCBA tank and connections.
While removing your facepiece be careful to keep it from any contaminated areas on
your gear.
9. Wipe your face and hands off with baby wipes.
Dry Decontamination Procedures
During cold inclement weather the process of soaking firefighters while performing a
wet decontamination may create additional safety hazards such as hypothermia, and
equipment failure.
1. Brush off all large particles from the PPE, working from the head down.
2. Use damp towels to wipe the area around the firefighters facepiece to suspend any
particulate matter.
3. Attempt to remove all of the visible contaminants.
Post Activity Decontamination On Scene
1. Individuals should wear eye protection, minimal N-95 respirator, and latex gloves.
2. All equipment and hose will be hosed down thoroughly prior to being placed on the
apparatus.
3. PPE shall be doffed, sprayed, brushed with dawn detergent, and rinsed off.
4. All PPE should be placed in a trash bag in order to reduce contamination of the
interior of the apparatus.
5. Wipe your face and hands off with baby wipes.

www.FirefighterCancerConsultants.com

Gross Decontamination Bucket Items

www.FirefighterCancerConsultants.com

Fire Fighter Exposure to Carcinogens
During fire suppression and overhaul activities, fire fighters encounter combustion
products of modern residential and commercial fires which contain many hazardous
substances.1,2,3,4,5,6,7,8,9 Fire fighters are also exposed to diesel engine exhaust at fires
and in many fire stations as well.10, 11
Smoke is a complex mixture of cancer causing chemicals. Combustion products of wood,
coal, and diesel fuel are considered known or probable human carcinogens by the
International Agency for Research on Cancer (IARC). 12 IARC is part of the World Health
Organization and is the authoritative international agency on cancer causation.
Occupational health experts rely on the IARC to categorize chemicals for their potential
to cause cancer in humans. Studies have revealed that fire fighters are commonly
exposed to numerous agents that IARC considers known or probable cancer causing
agents in humans. The following two lists contain the carcinogens commonly found in
smoke, organized by IARC Classification:12,13
IARC Group 1 agents
(known to cause cancer in humans)

IARC Group 2A agents
(probable human carcinogens)












 creosote
 polychlorinated biphenyls

arsenic
asbestos
benzene
benzo[a]pyrene
1,3-butadiene
diesel engine exhaust
formaldehyde
soot
Shift work affecting circadian rhythm
dioxin

The listing below summarizes conclusions by other authoritative organizations,
regarding some of carcinogens, listed in the previous table and others that fire fighters
encounter. The Environmental Protection Agency (EPA) is the agency charged with
regulating chemicals in the environment to protect human health and our natural
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resources. The National Toxicology Program (NTP) operates under the Department of
Health and Human Services to evaluate agents/chemicals of public health concern. The
Agency for Toxic Substances and Disease Registry (ATSDR) is a public health agency
under the Department of Health and Human Services that evaluates the potential
toxicity of substances and publishes toxicological profiles based on the latest research.14
Acetaldehyde
 EPA Category B2 (Probable human carcinogen)
 http://www.epa.gov/ncea/iris/subst/0290.htm
Formaldehyde
 EPA Category B1 (Probable human carcinogen)
 http://www.epa.gov/iris/subst/0419.htm
Dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD))
 U.S.A. NTP: “Known to be a human carcinogen”15
Benzene
 EPA Category A (“known” human carcinogen)
Polycyclic Aromatic Hydrocarbons (PAH)
 PAHs (polycyclic aromatic hydrocarbons) are a group of chemicals that are formed
during the incomplete burning of coal, oil, wood, garbage, or other organic
substances. According to the ATSDR, vehicle exhausts, wildfires, agricultural burning,
residential wood burning, and waste incineration (situations similar to those
encountered during fire fighting activities), all generate PAHs. There are more than
100 different PAHs, and IARC has classified several polycyclic aromatic hydrocarbons
as known, probable or possible human carcinogens.
 IARC, EPA – Most authorities don’t discuss PAH as a whole; rather, they review each
chemical separately although, as noted above, soot, which contains multiple PAHs, is
considered Group 1 by IARC as is the individual PAH, benzo[a]pyrene
 ATSDR - “The Department of Health and Human Services (DHHS) has determined
that some PAHs may reasonably be expected to be carcinogens”
http://www.atsdr.cdc.gov/tfacts69.html#bookmark06
Diesel Engine Exhaust
 A recent NIOSH/NCI study evaluated > 12,000 participants exposed to diesel exhaust
in non-metal mining facilities and observed increased rates of lung and esophageal
cancer.16
A wide range of other chemicals have been detected in smoke, few of which have had
their potential for carcinogenicity assessed. For example, Lowry and colleagues studied
fire fighters’ exposures at nearly 100 structural fires.2 They detected the presence of
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more than 70 different chemicals in smoke from monitored fire scenes regardless of
whether synthetic materials were a major part of the materials burned.
In contrast to almost every other workforce in the US where occupational controls in
the last 40 years have reduced exposures, firefighters continue to be exposed to high
levels of carcinogens in smoke because fire suppression and overhaul activities occur
in uncontrolled, hazardous environments. Further, smoke has become more complex
rather than less due to the increased number of synthetic products in US homes and
businesses.
The risk for exposure to carcinogens is apparent in measurements taken at both
simulated and spontaneous fires. A Harvard study that examined levels of a number of
air contaminants at more than 200 structural fires provided an excellent example of the
uncontrolled, hazardous nature of fire fighter exposures.17 In that study, the carcinogen,
benzene was detected in 181 of 197 (92%) of samples taken at fire scenes with air
sampling units placed on the chests of fire fighters; half were over 1 part per million
(ppm), which is the current Occupational Safety and Health Administration (OSHA)
permissible exposure level in factories.18 Approximately 5% of the samples were above
10 ppm benzene which is 10 times the current OSHA limit. Almost 15% of the samples
were found to be at or above the Short Term Exposure Limit (STEL) of 5 ppm benzene.
One study reported benzene levels more than 200 times the OSHA limit.3 The authors
noted: “Furthermore, in many cases of the worst exposure to these materials
respiratory protective equipment was not used owing to the visual impression of low
smoke intensity, and thus these levels represent actual direct exposure of the
firefighters.” This was a common practice as recently as 10-15 years ago due to lack of
knowledge regarding the hazards and awkwardness of the protective equipment.
Recent studies continue to confirm ongoing exposures during the overhaul phase. 7, 8
Fire houses, where fire fighters spend long hours, also pose a significant exposure
hazard. Froines and colleagues studied the concentration of diesel exhaust particulates
in the air inside firehouses in New York, Boston, and Los Angeles and detected elevated
levels of airborne particulates from diesel exhaust.10
Asbestos is also of concern because firefighters are actively involved in building
demolition during the overhaul phase of a fire. This results in potential for asbestos
exposure.
IARC lists polychlorinated biphenyl (PCB) as a probable human carcinogen. In its
monograph on PCB, IARC lists “first responders to incidents where a transformer has
exploded” as one of the potential occupational exposures to PCBs. 19,20 A study of fire
fighters involved in response to a transformer fire in Staten Island, NY detected serum
PCB levels that declined over time. This post-exposure decline pattern suggests acute
exposure to PCBs in the first responders.20 Fire fighters who responded to a
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transformer fire in Binghamton, NY in 1981 showed similar post-exposure declining
serum PCB levels.21
Incomplete Protection from Hazards Due to Limitations of Protective Equipment
Fire fighters have only their personal protective equipment (PPE), e.g. respirators and
turn out gear, to protect them from these toxic exposures. PPE is the least effective of
the established workplace controls for exposure reduction (termed the hierarchy of
controls which includes more protective options such as substitution with a safer
chemical, enclosure of the hazard, and ventilation). PPE does not completely eliminate
exposure. This becomes a particular problem in work environments where exposure
levels are high, such as fire fighting. In this case, the proportion of the inhaled toxicants
that PPE cannot prevent is higher as well leaving the fire fighter exposed to the toxicants
in the smoke. Also, in order to avoid interference with overhaul activities, fire fighters
may take off their PPE when the situation is no longer immediately hazardous to life, but
while many carcinogens are still present in the air at the fire scene. This practice was
particularly common in the past. Further, fire fighters do not wear PPE in the fire house
where exposure to diesel exhaust takes place. Moreover, PPE may be ill-fitting or
sometimes defective. The primary route of toxic exposures is through inhalation, but
exposure can also occur through dermal absorption and ingestion of contaminated
nasopharyngeal secretions and fluids. Thus, dermal absorption of carcinogens in the
soot that fire fighters often notice on their skin despite turn out gear is another route of
exposure for them.
.
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Topic: Decontamination after Structure Fire
Reference #: DG 16-04
Level of Instruction: In service personnel
Time Required: 3 hours
Instructor Preparation:
This drill requires basic preparation in order for it to be successfully conducted. Preparation
includes having a safe location to conduct the drill and a large enough area. See “Set Up” for
further detail. This topic may be new to many of the participants, so there are hyperlinks
included for videos and more information. NOTE: There is a video that goes with this class at
https://youtu.be/JTtxW6bOD8U by Black Helmet Films for LSU-FETI.
Goals:
The goals of this drill are:


To help reduce the harmful contaminates that accumulate on PPE, including SCBA



Stress how clean PPE helps protect us from the carcinogens that we come in contact with



Help develop policies, or procedures for your department after
firefighting and over haul have been completed to decontaminate
our personnel

Materials:


Your department’s equipped fire apparatus.



Spray bottle for soap (use appropriate strength - do not use full
strength)



Soft brushes of some type-inexpensive from a discount store



A bucket with lid (a new 5 gallon paint bucket) to hold soapy
water. If you don’t have a decon kit, now is a good time to make
it and train your crew on how to use it.



Inexpensive baby wipes (individually wrapped is best, can carry in
your coat pcket, avoid wipes with alcohol)

References:


Decon kits are
inexpensive and can
help save your life
and protect the PPE
that protects you. Get
5 gallon paint buckets
with a lid at most
home supply, paint or
hardware stores.

Jones & Bartlett Fundamentals of Fire Fighter Skills 3rd edition, Chapter 3
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NFPA 1851: Standard on Selection, Care, and Maintenance of Protective Ensembles for
Structural Fire Fighting and Proximity Fire Fighting



http://www.firefightercancersupport.org/wp-content/uploads/2013/08/Taking-Actionagainst-Cancer-in-the-Fire-Service.pdf



http://inpublicsafety.com/2015/09/fight-cancer-at-your-fire-department/

Instructor Set-up:
The practical portion of this drill is relatively simple and doesn’t take much time at all to set up
and involves a minimal amount of equipment. Soapy water, brushes, and a water supply of high
pressure, low volume is all. A booster line off of your department’s rig is an excellent choice for
water supply.
Compared to the general population,
Student Motivation:
Cancer in the fire service is another hazard of
our occupation. We are 2.2 times more likely
to get cancer than the general population.
Prevention, by cleaning our PPE,
decontamination after a fire, and using
simple baby wipes to clean off our face and
neck area will help reduce the many cancer
causing products we come in contact with at
every fire we encounter. Contaminated PPE
continues to give off harmful gasses for up to
four hours after a fire. Improper storage, i.e.
inside of apparatus or personally owned
vehicles exposes us to those gasses. Decon is
necessary not just after structure fires, but
any smoky fire like vehicle fires, dumpsters,
or other fires involving man-made products.

firefighters are at a much higher risk for the
following cancers:


Testicular cancer (2.02 times greater risk)



Multiple myeloma (1.53 times)



Non-Hodgkin’s lymphoma (1.51 times)



Skin cancer (1.39 times)



Prostate cancer (1.28 times)



Malignant melanoma (1.31 times)



Brain cancer (1.31 times)



Colon cancer (1.21 times)



Leukemia (1.14 times)



Breast cancer in women (preliminary study
results from the San Francisco FD)

From the Firefighter Cancer Support Network.

Drill:
1. Review the article referenced above from Firefighter Cancer Support Network
2. Have the crew assemble in an area free of traffic or other hazards
3. Have your crew don their PPE, including SCBA and go through a very simple
decontamination using soapy water, and a fresh water rinse
4. After the member has been washed and rinsed from head to toe, have the member doff the
PPE.
5. Follow up with using baby wipes around the head and neck area, paying attention to the
amount of contaminates that have accumulated on the wipes. After cleaning from the
decontamination line, the PPE should be thoroughly cleaned according to manufacturer’s
instructions, or the referenced NFPA standard and dried.
6. Finally, remind the members that they should shower and don clean uniforms/clothes after
each fire.
FETI Drill Guide 16-04
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Review:
This drill is an excellent opportunity to discuss the hidden harms that we face. Often times we
are negligent in keeping our PPE clean for one reason or another, but the fact that we are more
likely to contract cancer should be enough motivation to keep it clean. Our protective hood is
the area of least protection, and often overlooked in cleaning. There is a National campaign to
dedicate Sundays as “Wash your Hood Sunday”. By immediately decontaminating our PPE on
scene, not storing our contaminated gear in our apparatus or POV, not washing the PPE in our
home clothes washer, we can reduce the chances of cancer.
The Roanoke Fire-EMS Department’s decon
equipment includes: 5 gallon bucket, 25 feet
of garden hose along with 2 ½″ blind cap and
garden spigot added to it, scrub brush, bottle
of turnout gear washing spray, wet wipes,
and individual packets of SPF 30 to be used
while out training or during long-duration
incidents.
Not in article: A booster line can replace the
garden hose, 2½”Xspigot and nozzle.
http://inpublicsafety.com/2015/09/fightcancer-at-your-fire-department/
Notes:
Cleansers generally fall into two categories, detergents and soaps. All cleaning agents are
clearly labeled as being either detergents or soaps; and we (Globe) recommend liquid
detergents, since they are less likely to leave any residue on the clothing. It should also be
noted that NFPA 1851, Standard on Selection, Care, and Maintenance for Structural Firefighting
and Proximity Firefighting Ensembles requires that cleaning and contamination solutions shall
have a pH range of not less than 6.0 pH and not greater than 10.5 pH.
http://globeturnoutgear.com/education/care-and-cleaning/basic-turnout-gear-care-andcleaning)
SUGGESTION: Stick to liquid detergent that is appropriate for babies. That means balanced pH,
avoid ingredients like: Optical Brighteners, Quaternium-18, Sodium Laureth Sulfate,Sodium
Laurel Sulfate,Formaldehyde, Bleach, Nonylphenol Ethoxylates, and fragrance . Make sure it is
phosphate free. http://www.safelaundrytips.com/2012/05/04/top-ten-safe-laundrydetergents-for-baby/
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ATTENDANCE ROSTER FOR FETI DRILL GUIDE
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Parish: _________________ Instructor: _______________________________
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Town of Creston

March 24, 2018

Fire Hall
200 10th Avenue North
Creston, BC
V0B1G4

Attention: Michael Moore Fire Chief
SUMMARY OF SITE ASSESSMENT
A request was made by you with regards to an assessment of the existing fire hall. The intent was to
conduct a preliminary review of the existing building with regards to the potential for worker exposure
and to assess the adequacy of the existing ventilation system in mitigating worker exposure to
contaminants from truck emissions and from decontamination processes to remove contaminants
derived from firefighting events.
A preliminary assessment of the fire hall was conducted on the 6th of March. The initial review consisted
of a general site walk through of the existing building followed by an assessment of the ventilation
systems and controls that are presently in place.
The fire hall is partitioned into two separate areas, a truck bay and an office, work activity area. Each
area has its own ventilation supply. The issues found during the walk through and preliminary
assessment will be highlighted into the office/work area and the truck bays.
OFFICE/WORK AREA
Duct Cleaning: All the make-up air vents supplying air to the training room, fire chief and deputy fire
chief’s offices were dirty. The return vent in the training room was also quite dirty which suggests the
ducting throughout is dirty. Fine dusts will settle when the system is off and will reenter into the space
when it reactivates. Any moisture entering the system will increase the risk of mould growth. Staff do
not believe the ducting has been cleaned since it was installed. The entrainment of fine dusts can affect
some people. Commercial ventilation systems should be cleaned at a minimum every 10 years.
Supply air: General ventilation supply in office environments normally involve introducing supply air to
working areas. The make-up air system supplies the training room, the fire chief’s office and the deputy
fire chief’s office. Other work areas do not receive any supply air. Normal ventilation systems should be
supplying air to work areas which would include the admin area and kitchen. Air supply should be
balanced throughout and have a minimum flowrate in accordance with standards.
Return air: The only return air I could find to the office ventilation system is located in the training room.
Normal returns tend to draw from all work areas to ensure adequate air mix and movement.
Cleaning room: The cleaning room has an exhaust fan positioned high above on the wall. When staff
clean their firefighting equipment any contaminant release from the cleaning process would still enter
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the workers breathing zone before it eventually exhausts through the exhaust fan. Contaminant control
normally requires capture at the source in the form of a slot hood that draws contaminants away during
cleaning. Any cleaning of turnout gear through the washing machine and dryer would also need to have
dedicated ventilation.
Cleaning room location: There is a concern that contaminated turnout gear brought down the hall from
the truck bay to the cleaning room will contaminate the office space as they pass through to the
cleaning room. Ideally the cleaning room should be directly off from the truck bay area to prevent any
potential contamination from occurring in the office space. The only way to ensure what exposures to
both particulate and gaseous emissions are from this activity would be to measure the airborne
concentrations. Better exhaust ventilation to remove any contaminants away from the breathing zone
is needed.
Recirculated air: It was not apparent if the supply air to the office/work area is drawing air from outside.
If there is no fresh air supply, then air contaminants would increase. Normal engineering ventilation
principles utilize a minimum 10% fresh air mixed with recirculated air.
Temperature demand: The existing system does not supply any air to the office/working area when the
temperature set point is met. This means that air is not entering any work area which can result in
accumulation of CO2, contaminant releases and body odours.
Negative pressure: The office ventilation system is pulling air into the unit more than it is putting back
into the office. This will create a slight negative pressure which may cause contaminants to enter into
the office area from the truck bay. Ideal is to be in a slight positive pressure.
TRUCK BAY AREA
Turnout gear storage: All turnout gear is stored in the truck bays. Any emissions from truck operations
can adhere on this safety equipment. Any contaminants on turnout gear can off gas. There are
guidelines from NFPA that recommend a dedicated vented room for this equipment.
CO sensor location: The carbon monoxide sensor is located in the southwest corner wall of the truck
bay. The location may not be ideal for quantifying CO concentrations representative of the whole truck
bay area since the location is close to a truck bay door. Relocation of the sensor back nearer to the office
area may aid in reflecting a better exposure profile. Consideration should be made to source out the
availability of a NOx (nitrogen dioxide/nitric oxide) sensor since CO and NOx are both contaminants of
concern to staff.
Calibration of sensor: The CO monitor has not been calibrated for some time. It is not certain that the
readings are a true representation of the concentrations at the sensor head. Calibration in accordance
with manufacturer’s specification is required along with monthly bump checks or monthly calibrations
to confirm the sensor is operational.
Ventilation system: The existing ventilation system in use in the truck bay consists of two wall exhaust
fans (one in north wall west side and one on south wall east side) and one wall supply fan (on north wall
east side). The fans are activated once the bay doors are opened or if the sensor reaches a set point.
Measurements of the exhaust and supply air indicates a slight positive pressure (10,200 cfm vs 9240
cfm) of the bay is occurring once the fans are activated. Ideally the system should be in a slight negative
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pressure to minimize any migration into the office area. There is a sign to activate the fans prior to
vehicle start up, but this is not a foolproof method. Preference is to open the bay doors first which will
activate the fans, then turn on the vehicles.
Ventilation effectiveness: Measurements of air movement at various locations indicate dead zones
where minimal to no air movement is taking place. Albeit these readings were taken with all trucks in
the bays with doors closed and doors open, it does indicate that the location of the exhaust fans in
relation to the makeup air fans is not ideal in flushing out contaminants. Preference is to have the
exhaust fans located on one wall with the makeup air located on the opposite wall. This will create a
better laminar flow movement than present but it is still not ideal. Good engineering principles
recommend capture at the source followed by general exhaust ventilation if local exhaust capture is not
totally effective. At present there is one exhaust fan on the same wall as the makeup air fan. There is a
high potential for short circuiting (exhaust air reentering into the makeup air fan) since prevailing winds
are normally west to east, hence exhausted air will move east towards the makeup air fan.
Tempered makeup air: In the truck bays there are two furnaces located in the mezzanine that
recirculate truck bay air to maintain temperature in this space. This is not ideal. Tempered make-up air
should come directly from the make-up air supply. Secondly, recirculating this air through the furnace
has the potential for leakage up in the mezzanine area which is directly above the office working area.
Door seals to office: One of the preventative measures to minimize contaminant from entering the
office work area is to ensure effective seals of the common doors between these two spaces. Regular
checks on the systems is needed to minimize migration of contaminants.
Worker exposure to contaminants: WorksafeBC has 8 hour, 15 minute and ceiling limit allowable
exposure limits for many contaminants. During vehicle startup and actual fire response situations, the
contaminants staff are routinely exposed to would include carbon monoxide, carbon dioxide, nitrogen
dioxide, nitric oxide, diesel smoke, combustion breakdown products and the cleaning products. Since
the existing setup has generated concerns from staff regarding contaminant exposures it would be
prudent to quantify what their exposures would be.
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INTRODUCTION
A preliminary review of the exiting fire hall was conducted on the 6th of March. The intent was to assess
the existing controls for effectiveness, review cleaning methods and to identify any potential
deficiencies with recommendations.
A walk through was conducted initially to see how the building was utilized. The building is separated
into two functional units, one being truck storage and the other being used for office and working
operations. The truck bay is broken into three zones for vehicle storage. There are three bay doors
accessing the west. The southeast area of the bay door has stairs to access the mezzanine. At the
northeast side of the truck bay is a room that opens into the truck bay. This is the tool room. The
mezzanine is used for storage and for containment of the furnaces that supply heat to the truck bays
and the ventilation system that supplies air to the office and working area. The mezzanine is above the
office and working area.
The office and working area consists of a large training room in the southeast corner, a kitchen to the
west that opens to the training room and to the administration area. The public can enter into the
admin area which incorporates the open office area. The open office area has individual rooms for the
fire chief and the deputy fire chief which exits into the open office area. At the north end of the open
office is a hallway. The west end of the hallway opens through doors to the truck bay. At the north side
of the hallway is the tool room followed by the SCBA maintenance room, the cleaning room, the men’s
and women’s washroom, a storage room and at the east end the compressor room/electrical room. The
cleaning room is used after all firefighting events to clean all SCBA equipment. The turnout gear is
cleaned using the washing machines and dryers.
The building is cinder block construction with a flat tar and gravel roof. North of the building is another
building that is in close proximity and at a higher level to the fire hall. As you progress east, the same
building has a raised parking lot which is level with the roof of the fire hall. There is a narrow space
between the fire hall wall and the retaining wall of the adjacent parking lot. The makeup supply fan is
located in this narrow space on the north wall east end of the fire hall. The truck bay exhaust fans are
located in the northwest corner of the north wall and the southeast corner of the south wall. The
building was originally purposed as a grocery store and had been modified to accommodate a fire hall.
The truck bay ceiling is just high enough to accommodate the largest vehicles.
All ventilation supply and exhaust air flows were measured using a Kanomax thermoanemometer
(excluding the washroom exhaust fans and the cleaning room exhaust fan).
Training room
The training room has five make up air supply vents located on the east and south side of the ceiling.
There is one return vent positioned at the northwest side of the ceiling. The location of these vents
should allow reasonably good air flow mixing in this room. All supply and return vents are connected to
the Lennox ventilation unit via aluminum flex ducting. It was noted that every supply vent and the
return vent had dirt accumulation on the face. This is usually as a result of inadequate cleaning of the
ducting and ventilation unit system. When asked, no one could remember when the system was
cleaned. They did mention that the filters for the ventilation system were on a scheduled replacement
by local town staff. Most furnace or ventilation filters usually have a lower MERV rating. This will capture
much of the particulate that passes through the system. However it does not capture all particulate.
Much of the fines will pass through the filter and get recirculated or caught in the ducting or system
surfaces. When the system shuts down any fines within the ducting and system itself will settle only to
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be entrained on startup. As this progresses throughout the years, dust and dirt will accumulate.
Ventilation specifications for commercial systems normally require duct and system cleaning every 10
years or even earlier depending on whether there is a lot of external dust entering the space. No
chemical storage or handling was noted in this space.
The ventilation system supplying the office work area does not appear to have any external air supply.
This should be confirmed. Good engineering principles for acceptable indoor air quality recommends a
minimum 10% fresh air to be mixed with the existing recirculated air and pumped back into the working
space. If no external fresh air supply is entering the system, then one may see a gradual increase in the
concentrations of CO2 which is an indicator of fresh air quality. One hundred percent recirculation will
also increase odour levels which includes body odour, cooking odour, contaminants, cleaning product
use, etc.
The Lennox unit was observed to be set on temperature demand mode. This mode only allows air to be
circulated when the temperature is below a prescribed temperature level. When the temperature is
met, no air movement occurs. This would be in contravention of proper ventilation requirements for
good indoor air quality. The fans should be operated in continuous mode.
The existing make up air and return to the Lennox is not well balanced. From an initial review of the
space there appears to be only one return to the Lennox unit. Measurements indicate air return at 964
cfm. Supply air into the training room was measured at 554 cfm. There were only two other supply vents
found in the office working area which were in the fire chief’s office and the deputy fire chief’s office.
Combined the supply to the office working area is ~650 cfm. The difference would place the space under
slight negative pressure which will increase the migration of contaminants into this area. Preference is
to maintain a slight positive pressure to mitigate the ingress of contaminants from the truck bay.
Kitchen
The kitchen area is adjacent and to the west of the training room. It is used regularly by staff. There is no
makeup air or return air system in this room. Auxiliary heat is via an electric baseboard heater. The room
is also open to the admin area. Normal ventilation designs for commercial operations will have supply
air into each user space with either a mechanical return or a passive ventilation return to the ventilation
unit. Any air movement to this space will be when the entry doors are opened or when someone walks
through the space. The kitchen does use consumer products.
Administration area
This area has a front space for the public to access and three open office design workstations for
firemen to use. There is no general makeup air or returns in this space. Auxiliary heat is via 2 electric
heaters. Good indoor air quality protocol recommends having makeup air supply into this space at a
minimum of 20 cfm per person with an effective return to the ventilation unit.
Fire chief and deputy fire chief’s office
These offices each have a supply vent but no passive return outside of having the door opened. The air
volumes entering these rooms are not well balanced and adjustments need to be made to ensure
adequate supply to both rooms. The fire chief is receiving ~2.5 cfm while the deputy fire chief receives
~92 cfm. Ideally there should be a mechanical return in the admin area, and in each room. Barring this
modification, a passive system would require either returns in the offices or louvered openings in the
doors when the door is kept closed. Low volumes in the fire chief’s room would result in increased CO2
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levels. It was noted that the makeup air vents were dirty which indicates accumulation of dust and dirt
in the ventilation system. Periodic cleaning of the system will help minimize this.
SCBA maintenance room
The room is not equipped with any makeup air or returns. It would be appropriate for a well-designed
commercial system to have these in the space. If cleaners or any other chemical based products are
used, it would be necessary to have exhaust ventilation to aid in removal of any contaminant release.
Citroclean, Manorapid and lens cleaner are products used.
Cleaning room
In the cleaning room all SCBA’s are sprayed down with Econoclean during decontamination. There are
wash basins designed for this work. Above the work area at approximately 8-10 feet from the floor is a
wall fan that I assume is activated when this work activity is performed. Smoke tubes were utilized to
see what the airflow to the exhaust fan was like. There was gradual air flow to the exhaust fan but is was
very slow. The fan cover was quite dirty suggesting this system has not been cleaned. If the fan is not
periodically cleaned one will find dust and dirt accumulation on the fan blades. This will slow down the
fan speed and hence it’s rated capacity. Eventually the fan motor will fail due to the extra load.
The location of the exhaust fan is not ideal in capturing any contaminant release from the cleaning
operation. Good engineering principles indicate that pulling contaminants away from the workers
breathing zone is preferable. This would entail using a slot hood at the back of the washing station to
move contaminants away while they are being cleaned. The AIHA Ventilation manual has useful
information on proper slot hood design.
The location of the cleaning room is a bit problematic in that potentially contaminated gear must pass
through the truck bay doors into the office work area hallway into the cleaning room. Some
contaminants found from incomplete combustion during a fire event will likely have toxic chemicals in
both vapour and aerosol phases adhered to the surface of the turnout gear and SCBA gear. This
movement through the office working space may release this material which would affect staff in this
area. Preference is for this material to be cleaned and properly vented in a room adjacent to the truck
bay so that dirty contaminated gear does not enter the office work area.
Men’s and Women’s washrooms
Both washrooms are equipped with an exhaust fan according to code. Both fan faces were dirty which
suggests that they need proper cleaning. Outside of the exhaust fan, there is no supply air to these
locations. It would be appropriate to measure the airflows to see if it meets code requirements for
ventilation exhaust.
Office supply storage
The office supply storage room does not have ventilation and if no chemicals are stored or used in the
space it would not need ventilation. Ensure that no chemicals are stored in this space. It was noted that
there was an opening in a brick chimney in this room. The opening will passively introduce air into the
space but sealing of the chimney to prevent ingress of animals or birds would be advised. There is a
hallway closet storing cleaner, consumer and WHMIS products such as Econoclean. There is always a
concern from a spill and the need to ventilate a space.
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Compressor room
This room has the compressor and the cascade breathable air storage cylinders. There are also
numerous fire extinguishers located on the floor and some oil. This room does not have supply or return
air. It was quite cool in this space. On a safety note, the main electrical panel had material stored within
1 metre to the panel. There must be a minimum 1 metre clearance from the panel to have safe access
without obstructions. This room should have ventilation in the form of general exhaust in case one of
the extinguishers is inadvertently released. If this is being performed (service and recharge) then there
should be a dedicated station with its own ventilation system.
TRUCK BAYS
Main bay area
The truck bays are used to store all fire trucks and emergency response vehicles. There are three bays
within this open space with dedicated bay doors for each bay. On the north and south side of the truck
bay is where the firefighter turnout gear is stored. This is not the ideal location for storage of turnout
gear. NFPA codes do reference the need for a ventilated space for turnout gear storage. Storage in the
bay area does affect contamination of the turnout gear whenever the response vehicles are activated.
Diesel exhaust particulate, vapours and gases can and will adhere to this equipment. Whenever such
gear is used in a fire situation it is assumed that they are washed, dried and hung up. Even so
contaminants can adhere to the gear and will off gas and release into the space. A dedicated vented
space is needed for turnout gear. Some contaminants such as polycyclic aromatic hydrocarbons may be
present which pose a risk to worker health.
Gas cans are stored at the front of the truck bay area. Due to the volume a flammable storage cabinet
would be appropriate.
Under the make-up air supply is the fire hose dryer unit. There is a potential for contaminant release
during this process which would result in release into the truck bay space. Venting to the outside should
be confirmed.
CO sensor
The carbon monoxide sensor is located on the southwest corner of the truck bay at around 5 feet up
from the floor near the bay door. The location of the sensor may not be the best location to give a true
representation of the contaminant level. It may be more appropriate to relocate it nearer to the office
working area. Once doors are opened the CO levels should dissipate at a quicker rate nearer to the bay
doors versus the back area where the offices are located.
In discussion with staff it is not likely that the sensor has been calibrated for some time. Calibrations
must be performed in accordance with manufacturer’s specifications. A minimum annual calibration is
required. This would entail performing a zero and a span gas check. This is necessary to ensure the
sensor is reading linearly. If feasible the sensor should be either calibrated or bump checked monthly.
These sensors are electrochemical and will eventually fail and it is imperative that calibration and bump
testing be done to catch this failure.
The CO sensor has three fan modes, off, automatic and manual. The automatic mode should be verified
that it will activate the fans when it hits a prescribed concentration. This set point should be
conservative and be set at the 8 hour permissible exposure limit of 25 ppm. It would be necessary to see
if the fan set at the off mode can be activated by a CO concentration that exceeds 25 ppm. I was advised
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that staff will manually turn on the fan before the doors are opened and before the vehicles are started.
I was also advised that once the bay doors are opened, the fans will activate.
NOx
Another contaminant common to diesel exhaust that should be considered for continuous
measurement is NOx (nitric oxide (NO) and nitrogen dioxide (NO2)). NO has an 8 hour permissible
exposure limit of 25 ppm. NO2 has a ceiling limit of 1 ppm which means no exposure should exceed this
level. Depending on the service arrangement for the diesel engines, the engine size and the pollution
controls for each vehicle, one can have widely different emissions. This should be measured with a wall
mounted sensor for this contaminant along with CO. A survey using portable units should be utilized
throughout the space during times when equipment is moved out and returned to quantify exposure
profiles.
General exhaust and makeup air
The truck bay has two exhaust wall fans in the truck bay located at the north wall west side and in the
south wall east side. Combined these fans exhaust at a rate of approximately 9250 cfm. The make-up air
fan supplies the bay with approximately 10,200 cfm of supply air directly from the outside. It is located
on the north wall east side. The prevailing winds tend to come from west to east. The supply is slightly
pressurizing the space prior to the doors opening. This will enhance the migration of contaminants into
the office working area. For this type of ventilation system it is better to have the room under slight
negative pressure.
There is a building on the north side of the fire hall which is at a higher elevation to the fire hall. As one
moves towards the east side of the building, there is a raised parking lot with a retaining wall
approximately 1 metre from the fire hall’s north wall at the same height up to the roof of the fire hall.
With prevailing winds moving from west to east any contaminants exhausted from the NW exhaust fan
has the potential to be entrained back into the fire hall truck bay by the supply exhaust fan since there is
a restricted space which would tend to direct air down this narrow space where the supply fan is
located. Preference is to capture contaminants at the source versus general capture. The use of
breakaway local exhaust ventilation systems should be considered along with general exhaust
ventilation.
To be effective, the exhaust fans should be located on one wall with supply air entering from the
opposite wall. This will increase laminar movement of air towards the exhaust fans. Better design would
have tempered makeup air entering at distributed spaces from the opposite walls. Smoke tube and
ventilation checks were taken while the fans were operational to assess air flow throughout the space.
This was done with all vehicles in the bays with bay doors closed and with several bay doors open.
Airflows were quite varied anywhere from no air movement to ~40 fpm. With doors opened airflow
nearer the doors increased. Smoke tube assessments confirmed that there were various dead zone
throughout the space. Airflow measurements should also be performed when the service trucks have
left.
Tempered air
At present the air entering the space comes directly from the outside. During low winter temperatures,
the system may not stay operational due to freezing potentials. There are two furnaces located in the
mezzanine that supplies heat to the truck bay. This system is a recirculating one, pulling air from the
truck bay, heating it and returning the heated air to the truck bay. The system has some flaws in that
any leakage at the furnace will be released into the mezzanine which is above the working area. These
8

contaminants can then migrate into the working area. Also the means to heat the space is not uniform.
Heat is directed from the back area of the truck bay into the bay space. Tempered make-up air is the
preferred replacement for supply air.
It is believed that the furnace filters are replaced on a scheduled basis.
Janitor room
The janitor room is located in the southeast corner of the truck bay. Various cleaning products are
stored in this space. The space had a noticeable odour on entry. There was no general exhaust or
makeup air to this space. This is needed to contend with any spillage or chemical off gassing.
Tool room
The tool room is used for mechanical repairs. Again this room is not equipped with either general
exhaust ventilation or makeup air. There are various consumer products in this room such as ABC dry
chemicals, WD 40, Wasp B Gone, etc. Any time chemicals are used ventilation should be utilized.
Air movement
The exhaust and makeup wall fans were activated to assess the effectiveness of the existing design. The
primary makeup fan is located on the north wall east side and is supplying approximately 10,200 cfm of
outdoor air when operating. The two exhaust fans are located on the north wall west side and on the
south wall east side and they exhaust approximately 4,500 and 4750 cfm respectively. Smoke tube tests
were performed at various locations inside of the truck bay with all trucks inside and the doors closed
and with two of the three doors open. It was noted that there were many locations within the truck bay
where it was observed that virtually no air movement was occurring. With the two bay doors open the
air movement increased near the doors but was quite limited further back. I was informed that the
prevailing winds are from west to east. As the doors are opened the prevailing winds would migrate into
the bay area which would aid in dilution. One concern is with the northwest exhaust fan. With the raised
elevation of the adjacent building the exhausted contaminated air would follow the contours of the
building and funnel through between the north wall and the retaining parking lot wall of the adjacent
building and is most likely to re-entrain back into the truck bay. Retesting this space when the trucks are
removed or for simulation of the regular trucks that are used would be recommended to assess airflow.
General concerns
Staff have raised concerns over potential health issues with handling contaminated turnout gear
through the hallway into the cleaning room as well as potential exposures from diesel exhaust. The only
way to ascertain what the level of contaminant exposure would be to measure contaminant release.
Contaminants of concern would include carbon monoxide, carbon dioxide, nitrogen dioxide, nitric oxide
and elemental carbon (basic component in diesel exhaust). The elemental carbon should be looked at to
see what other toxic chemicals have adhered to the particle. The gaseous contaminants and particulate
matter should be measured in the office working area and in the truck bay for the duration of a working
day. Ideally it would be prudent to measure during and after a fire fighting event but this cannot be
scheduled. The gaseous and particulate component analysis would give a good assessment of exposure
during a normal work day where trucks are started, driven out, checked and returned. One sample is not
a true representation of staff exposure so multiple measurements are recommended to obtain a better
statistical picture of the true exposure.
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Regulations of concern
WorksafeBC regulations that apply to this situation are numerous. A list of the primary regulations
pertaining to ventilation, indoor air quality, PPE and design are noted below:
4.72 Design and operation
(1) An employer must ensure that a ventilation system for the supply and distribution of air and removal of
indoor air contaminants is designed, constructed and operated in accordance with
(a) established engineering principles, and
(b) ASHRAE Standard 62-1989, Ventilation for Acceptable Indoor Air Quality.
(2) An adequate supply of outdoor air must be provided to the workplace in accordance with Table 2 of
ASHRAE Standard 62-1989.
4.74 Distribution
Outdoor air must be effectively distributed throughout the workplace.
4.75 Balancing
The ventilation system must be balanced to
(a) ensure that each space within the building receives an adequate allotment of outdoor air, and
(b) accommodate the actual or the normally anticipated occupancy of each space.
4.76 Ventilation openings
(1) A ventilation system must not be obstructed by material or equipment placed in front of the
ventilation air intakes or discharge points.
(2) Outdoor air intakes must be located so that outdoor air entering the ventilation system does not
contain any contaminant in a concentration greater than normal outdoor ambient air in that locality.
4.77 Discharged air
A ventilation system that discharges air from the work area must be designed to minimize the likelihood
of exposing any worker at a workplace, including an adjacent workplace
(a) to an air contaminant in a concentration which exceeds either 10% of its applicable exposure limit in
Part 5 (Chemical Agents and Biological Agents), or an acceptable ambient air quality standard
established by an authority having jurisdiction over environmental air standards, whichever is greater,
and
(b) where practicable, to an objectionable odour.
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4.78 Preventive maintenance
(1) To maintain acceptable air quality, the employer, or if the employer is not responsible for maintenance of
the ventilation system, the owner of the ventilation system must establish an effective preventive
maintenance program for the ventilation system.
(2) Preventive maintenance must include
(a) regular inspections
(i) of all critical components of the ventilation system, such as dampers, fans, belts, baffles, ductwork,
diffusers and control systems, and
(ii) for conditions which would promote the growth of micro-organisms, such as water leaks or stagnant
water pools,
(b) correction of any deficiencies found during the inspections carried out under paragraph (a),
(c) repair or replacement of malfunctioning and consumable components, such as filters and belts, and
the cleaning of air distribution systems, ducts and dampers when necessary to correct an indoor air
quality deficiency,
(d) adequate treatment of open water systems associated with ventilation equipment such as cooling
towers and humidifiers, to control biological growth, and
(e) maintenance of combustion sources, such as furnaces, space heaters and water heaters to assure
proper burning and exhausting of waste gases so that recirculation of gases to the workplace will not
occur.
4.79 Investigation
(1) The employer must ensure that the indoor air quality is investigated when
(a) complaints are reported,
(b) occupancy in the space changes substantially, or
(c) renovations involving significant changes to the ventilation system occur.
(2) An air quality investigation must include
(a) assessment of the ventilation rate, unless the indoor carbon dioxide level is less than 650 ppm above
ambient outdoor levels,
(b) inspection of the ventilation system as required in section 4.78(2),
(c) sampling for airborne contaminants suspected to be present in concentrations associated with the
reported complaints, and
(d) a record of the complaint, the findings of the investigation, and any actions taken.
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5.33 Permitted quantities
Except for the quantity reasonably needed for immediate use, or that is present for display or sale in
public areas of a mercantile facility, the quantity of combustible and flammable liquids stored outside an
approved storage cabinet, storage room or storage area in any fire compartment (2 hour fire separation)
of a building must not exceed
(a) in closed containers, 600 litres (132 imp gal) of liquids having a flash point below 93.3°C (200°F) of which
not more than 100 litres (22 imp gal) may be liquids having a flash point below 22.8°C (73°F) and a
boiling point below 37.8°C (100°F),
5.48 Exposure limits
Except as otherwise determined by the Board, the employer must ensure that no worker is exposed to a
substance that exceeds the ceiling limit, short-term exposure limit, or 8-hour TWA limit prescribed by
ACGIH.
5.53 Workplace monitoring
(1) If a worker is or may be exposed to a hazardous substance, the employer must ensure that
(a) a walkthrough survey is conducted to assess the potential for overexposure taking into account all
routes of exposure, including inhalation, ingestion, and skin contact, and
(b) reassessment is conducted when there is a change in work conditions which may increase the
exposure, such as a change in production rate, process or equipment.
(2) If the walkthrough survey required by subsection (1) reveals that a worker may be at risk of overexposure
to an airborne contaminant, the employer must ensure that air sampling is conducted to assess the
potential for overexposure.
(3) Additional workplace monitoring to reliably determine worker exposure is required if
(a) the assessment under subsection (2) reveals that a worker may be exposed to an air contaminant in
excess of 50% of its exposure limit, or
(b) measurement is not possible at 50% of the applicable exposure limit.
(4) Workplace exposure monitoring and assessment must be conducted using occupational hygiene methods
acceptable to the Board.
(5) The results of workplace exposure monitoring and assessment, or a summary of the results, must be
provided to workers at their request without undue delay.
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5.61 Engineering principles
A ventilation system for controlling airborne contaminants in the workplace must be designed, installed
and maintained using established engineering principles.
Note: A useful guide is Industrial Ventilation — A Manual of Recommended Practice published by the
American Conference of Governmental Industrial Hygienists.
5.64 Controlling air contaminants
(1) If ventilation is used as an engineering control, an air contaminant must be controlled at the source
by an effective local exhaust ventilation system.
(2) If local exhaust ventilation is not practicable, general (dilution) ventilation, or a combination of
general and local exhaust ventilation must be used.
5.66 Ventilation openings
A ventilation system must not be obstructed by material or equipment placed in front of the ventilation
openings.
5.67 Effectiveness
(1) An exhaust ventilation system used to control air contaminants in the workplace must remain in
operation until the work process is completed and the air contaminants generated have been removed
so as not to be a hazard to workers.
(2) An exhaust ventilation system used to control air contaminants in the workplace must be regularly
inspected and monitored to ensure that it remains effective.
5.68 Failure warning
If failure of an exhaust ventilation system would result in a hazard that is not readily apparent to
affected workers, the system must be equipped with a device or other means to warn those workers in
the event of system failure.
5.69 Makeup air
(1) An adequate supply of makeup air must be provided as necessary to
(a) maintain the effectiveness of an exhaust ventilation system, or
(b) prevent an air contaminant being drawn into the work space from another work area.
(2) A makeup air supply must not expose a worker to uncomfortable temperatures or drafts.
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5.70 Discharged air
(2) A ventilation system that discharges air from the work area must be designed to minimize the likelihood
of exposing any worker at a workplace, including an adjacent workplace,
(a) to an air contaminant in a concentration which exceeds either 10% of its applicable exposure limit in
this Part or an acceptable ambient air quality standard established by an authority having jurisdiction
over environmental air standards, whichever is greater, and
(b) if practicable, to an objectionable odour.
8.5 Program
If personal protective equipment is required to protect against a chemical exposure or an oxygen
deficient atmosphere the employer must implement an effective protective equipment program at the
workplace which includes
(a) a statement of purpose and responsibilities,
(b) written procedures for selection, use, inspection, cleaning, maintenance and storage of protective
equipment, when required,
(c) instruction and training in the correct use and maintenance of the equipment,
(d) for respirators, medical assessment of respirator wearers, when required,
(e) documentation when required, and
(f) program review.
31.11 Maintenance
(2) Procedures for cleaning and drying protective clothing must be in accordance with the manufacturer's
instructions.
31.32 Vehicle exhaust in fire halls
Unless air monitoring shows that levels of vehicle exhaust gas components are below the exposure
limits established under section 5.48, effective local venting for the exhaust gases must be provided in
vehicle areas in fire halls.

14

PICTURES OF FIREHALL ISSUES

Figure 1: Picture showing make-up air vents east side

Figure 2: Picture showing make-up vents south side training room

Figure 3: Picture showing return vent in training room
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Figure 4: Fire chief office. Note make-up air vent

Figure 5: Deputy Fire chief’s office. Note make-up air vent.

Figure 6: Make up supply fan for truck bay. Note fire hose dryer under fan.
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Figure 7: Picture of turnout gear storage in truck bay east side

Figure 8: Picture showing exhaust location on truck

Figure 9: Picture showing vertical exhaust stack and tempered furnace vent
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Figure 10: Picture showing turnout gear storage and vertical exhaust stack

Figure 11: Picture of North wall west exhaust fan

Figure 12: Picture of furnace vents in truck bay recirculating air for heating
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Figure 13: Picture of furnace for truck bay in mezzanine.

Figure 14: Picture of Lennox office unit.

Figure 15: South wall exhaust fan
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Figure 16: Front of fire hall. Note raised adjacent building

Figure 17: Narrow space between north wall of fire hall and adjacent building

Figure 18: Picture of NW exhaust fan showing narrow space to next building
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Figure 19: Picture showing narrow space and supply vent on north wall

Figure 20: Picture of flat roof of fire hall.
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Bulletin 31: Buildings Requiring the Services of an
Architect
May 6 2017

1.0

Buildings Requiring an Architect in British Columbia per the Architects Act

1.1

The Architects Act (the “Act”) is provincial law of general application. It defines the practice of the
profession of architecture and describes when and for which type of buildings an architect must be
retained.

1.2

The following information represents a consolidated summary taken from the Act It is intended as a
convenient guide and does not take the place of the Act itself, which prevails in all cases. Under
section 60 of the Act, the services of a registered architect are required for the following buildings:
1.2.1

An apartment or residential building containing five or more dwelling units (under the Act,
there is no requirement for an architect’s services on a single-family dwelling, duplex, triplex
or quadriplex of any size);

1.2.2

A hotel or similar building occupancy with 11 or more guest rooms;

1.2.3

A commercial building in excess of 470 square metres (5059 square feet) gross area. (For
gross area definition, see 3.4);

1.2.4

An industrial building in excess of 470 square metres (5059 square feet) gross area. (Refer to
4.0 for industrial buildings that may be designed by a professional engineer);

1.2.5

A one storey building to be used for public assembly in excess of 275 square metres (2960
square feet) gross area or the unsupported span exceeds 9 metres (29 feet and 6 3/8 inches);

1.2.6

A building of more than one storey to be used for public assembly in excess of 235 square
metres (2530 square feet) gross area;

1.2.7

A hospital or similar building occupancy with 13 or more beds;

1.2.8

A school of any size;

1.2.9

A veterinary hospital in excess of 470 square metres (5059 square feet) gross area.

1.2.10 Any other building in excess of 470 square metres (5059 square feet) gross area, including

mixed-use buildings. A mixed-use building that contains assembly occupancy is assessed by
the most restrictive use and therefore requires an architect when it exceeds 235 square
metres (2530 square feet); and,
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1.2.11 Any alteration or repair to an existing building in any of the above categories, including an

alteration of an existing building which causes the ensuing gross area to exceed the limits
noted above, even if the altered space itself does not exceed the limits. (Refer to 5.0 for
further information regarding alterations and repairs to buildings requiring an architect).

2.0

Background and Authority

2.1

The AIBC is mandated under the Architects Act to administer the legislation and enforce compliance.
Concern for the public interest (including public health and safety, sustainability and accountability to
a regulatory profession) is of primary importance. The Act addresses the public interest, in part, by
requiring that only qualified persons who have been issued a certificate of practice or temporary
licence by the AIBC may be represented as an architect or architectural firm and offer and provide
architectural services in British Columbia. Persons or firms not registered with the institute must not
be misrepresented as “architects” or offer architectural services.

2.2

An architect’s services include the preparation of designs, plans, supporting documents and the
provision of field services for the erection, addition or alteration to or repair of buildings for persons
other than himself or herself. (Refer to 3.2 for further information).

2.3

The Act defines a “building” as “a structure consisting of foundations, walls or roof, with or without
other parts”. Under the Act, “building” shall be construed also to mean “parts of a building”. The
Act refers to buildings, not complexes or projects of multiple buildings on a single site.

2.4

Buildings requiring an architect by law should not be allowed to proceed through design panel
applications, community engagement processes or permit applications – whether (re)zoning,
development permit or building permit – without an architect’s involvement. The Act is provincial
legislation that applies to all parties – architects, non-architect designers, professional engineers,
developers, owners/tenants and local governments. The B.C. Building Code, Vancouver’s Building Bylaw
(building codes) and other regulations containing endorsed letters of assurance and registered
professional designation do not determine when an architect must be retained.

2.5

The AIBC works regularly with architects, professional engineers, planners, building officials and
owners to assist in determining whether a particular project–or project stage, such as a formal
application to a local government–must have an architect.

3.0

Interaction Between the Architects Act and the BC Building Code

3.1

The Architects Act, not the BC Building Code nor Vancouver’s Building Bylaw, is the primary source for
establishing when an architect must be hired. While they are important documents for regulating the
design and construction of buildings, they do not establish or limit which buildings require architects
nor the stage at which such services must be retained.

3.2

Under the Act, an architect must be retained any time architectural services are provided on a
building requiring an architect. As soon as planning and design begins on such buildings, an architect
is required, including at the (re)zoning and development permit application stage.
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3.3

In addition to the requirements of the Act, all buildings must also satisfy the current BC Building Code
or Vancouver’s Building Bylaw. Architectural letters of assurance are required for design and field review
on all Part 3 buildings (of any occupancy or size) and any Part 9 buildings with common egress
systems and firewalls. It is important to understand that the Part 3/Part 9 distinction is immaterial
under the Act. There are buildings that require an architect under the Act but do not require
architectural letters of assurance under building codes, and there are buildings that require
architectural letters of assurance but do not require an architect under the Act. See Appendix A for a
detailed chart comparing the BC Building Code requirements for architectural services and the Architects
Act requirements for hiring an architect.

3.4

The Act defines “gross area” of a building to be “the aggregate area of all floors”, i.e., the sum of
those floors below, at or above grade, measured between outside faces of exterior perimeter walls.
The building codes’ measure of “building area” is not the Act’s “gross area” but rather, only the size
of the building’s “footprint” (between firewalls, if any), no matter how may floors are in the building.
The definitions of “building” and “gross area” in the Act are not affected by the existence of
firewalls, and therefore the inclusion of firewalls in a “building” cannot be used to alter the
application of the Act, including the legislated requirements for retaining an architect.

3.5

It is important to understand that architectural services for design and field review, complete with
letters of assurance, are also required by the building codes in the cases of: (i) all assembly and
institutional buildings of any size, even those below the thresholds of the Act; and (ii) all residential
buildings over 600 square metres (6458 square feet) in ‘footprint’ or three storeys, including singlefamily; duplexes; triplexes and quadriplexes that do not require an architect under the Act.

3.6

The Architects Act applies throughout the province regardless of a local government’s decision on
enforcement of the BC Building Code, including land where the BC Building Code is not applicable, such
as land under federal jurisdiction (e.g., Indian reserves, ports, airports) and the City of Vancouver.

4.0

Architects and Professional Engineers

4.1

The Engineers and Geoscientists Act of British Columbia contains statutory requirements as to the
engagement of professional engineers to provide professional engineering services. Persons who are
not licensed are prohibited from providing such services.

4.2

A professional engineer may practise professional engineering as permitted under the Engineers and
Geoscientists Act of British Columbia. Under the Architects Act, a chemical, civil, electrical, forest,
geological, mechanical, metallurgical, mining or structural engineer may design or supervise the
erection, alteration or repair of a structure “usually designed or supervised for these purposes”
(section 60 (b)) by a professional engineer. These include buildings with no human occupancy that
shelter machinery or materials; buildings with no heating or cooling systems; and buildings with no
washrooms, offices or lunch rooms. For assistance in determining if a building is usually designed
for these purposes by a professional engineer, contact the AIBC at IllegalPractice@aibc.ca.
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4.3

Refer to AIBC Bulletin 33: Architecture and Engineering – Complementary Professions for more information
on the AIBC/APEGBC Memorandum of Agreement and the interaction between the two
professions.

5.0

Alterations and Repairs to Buildings Requiring an Architect

5.1

Minor renovations and repairs to an existing building fall under the “alteration or repair” language of
section 60 of the Act. The Act is clear that any alteration or repair to a building requiring the services
of an architect would also require an architect for the alteration or repair. The need for an architect
under the Act is determined by the size of the building, not the size of the alteration or the size of a
tenant space. The AIBC realizes that many alterations or repairs (tenant improvements/renovations)
may not require architectural services. It is neither in the profession’s nor public’s interest for the
institute to insist on an architect in every case. Each situation will be determined by the AIBC on a
case-by-case basis. Contact IllegalPractice@aibc.ca to determine if an architect is required.

5.2

In determining whether an architect is required under the Act on an alteration or repair, the AIBC
considers whether one or more of these issues are present in the proposed work:
5.2.1

Substantial alteration or penetration of fire separations, exiting systems or life safety features,
including number, location or size of exits, or alteration, addition or deletion of stairs or
ramps serving the building;

5.2.2

Compromise of the structural integrity and/or code compliance of the base building,
including construction or alteration of an exterior wall, removal or alternation of floor and/
or roof elements;

5.2.3

Buildings that require an architectural letter of assurance under building codes (including, but
not limited to, A, B and F-1 occupancies);

5.2.4

Change to use or occupancy (per Architects Act and building codes);

5.2.5

Addition of floor space (the addition of floor space by whatever means, infill, or mezzanine,
or extending the building footprint);

5.2.6

New mezzanines, or alterations to existing mezzanines;

5.2.7

New interconnected floors, or alterations to existing interconnected floors;

5.2.8

Changes that substantially impact the access for persons with disabilities;

5.2.9

Changes that substantially impact the energy efficiency of a building.
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6.0

Other Considerations

6.1

An architect, under the Act, must be registered with the AIBC. Architects registered in other
jurisdictions wishing to provide or promote architectural services in British Columbia may obtain a
Temporary Licence from the AIBC. This licence requires collaboration with a B.C.-registered
architect with a Certificate of Practice. For more information, refer to AIBC Bulletin 22: Temporary
Licence Requirements for Architects Registered in Another Jurisdiction Wishing to Provide or Promote Architectural
Services in British Columbia.

6.2

For architects, the distinction between buildings that require an architect per the Act and those that
do not, is immaterial. There is a minimum scope of service that an architect must at least meet, on
any project he or she undertakes, to fulfill the architect’s professional obligations, both under
contract and especially regarding the primary duty to protect the public. Further information on
acceptable levels of architectural service can be found in AIBC Bulletin 90: Minimum Scope of
Architectural Services.

6.3

Notwithstanding the legal requirement to retain an architect under the Act, buildings of any size can
be designed by architects. Members (Architects AIBC) and Associates (Intern Architects AIBC,
Architectural Technologists AIBC and Retired Architects AIBC) of the institute are required to
comply with the high ethical standards of the AIBC Bylaws and Code of Ethics, and are subject to
discipline if they fail to do so. Architects have the education, training and experience to provide their
clients with the necessary advice on the design and construction of buildings both small and large.

7.0

Questions and Feedback

7.1

Questions regarding whether an architect is required under the Architects Act may be directed to
IllegalPractice@aibc.ca.

7.2

Questions regarding the Architects Act, including requests for an exemption to the Act requirements
under item 5.0 may be directed to IllegalPractice@aibc.ca or PracticeAdvice@aibc.ca.

7.3

Feedback on this Bulletin may be directed to IllegalPractice@aibc.ca.
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Bulletin Amendment History (2002 – 2017)
2017:

May 6. Third Edition. Addition of section 5.2, improved organization, reformatted, updated contact
links.

2007:

October. Second Edition. This edition included an updated reference to the building codes;
improvements to syntax and form; enhanced definitions and explanatory language; engineering
profession information; and clarity respecting mixed use and, especially, Group C residential
occupancy.

2002:

April. First Edition.

The AIBC does not provide legal, accounting or insurance advice and expressly disclaims any responsibility for any errors or
omissions with respect to legal, accounting or insurance matters that may be contained herein. Readers of AIBC documents are
advised to consult their own legal, accounting or insurance representatives to obtain suitable professional advice in those regards.
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Bulletin 31 Appendix A:
Comparison Chart - BC Building Code Requirements for Architectural Services and the Architects Act Requirements for Hiring an
Architect
Building Classification by Major
Occupancy per BCBC and VBBL,
(NBCC except post-disaster
buildings)
A1 Assembly occupancies
intended for the
production and viewing of
the performing arts

A2

Building Description per the Architects Act

Architects Act
requirement for
architect

Any 1 storey building used for public assembly
Architect
that exceeds 275m2 gross area3 and a clear span
of 9m

Any building more than 1 storey exceeds 235m2
gross area
Assembly occupancies not Any school
elsewhere classified in
Any 1 storey building used for public assembly
Group A
that exceeds 275m2 gross area and a clear span

Assembly occupancies of
the arena type

A4

Assembly occupancies in
which the occupants are
gathered in the open air

Any 1 storey building used for public assembly
that exceeds 275m2 gross area and a clear span
of 9m
Any building more than 1 storey exceeds 235m2
gross area
Any 1 storey building used for public assembly
that exceeds 275m2 gross area and a clear span
of 9m

Detention occupancies

B2

Treatment occupancies

B3

Care occupancies

Residential occupancies

1. In all cases, for Architects Act Section
60 exceptions, when a 'Registered
Professional' (defined as an architect or
professional engineer by the VBBL and
BCBC) is required, either an architect or
an engineer is permitted to perform
professional design and review, per the
BCBC and VBBL.

Architect

professional design and review,
(architect OR engineer) including
architectural schedule B, regardless of
size

Architect

2. Building area, per the BCBC and VBBL,
"means the greatest horizontal area of a
building above grade within the outside
surface of exterior walls or within the
outside surface of exterior walls and the
centreline of firewalls". For example, a
professional design and review,
10 storey building with each floor being
(architect OR engineer) including
architectural schedule B, regardless of 100 m2 would have a building area of
100 m2.
size

Any building in excess of 470m2 gross area, being Architect, except
professional design and review,
the aggregate area of all floors
per Architects Act (architect OR engineer) including
Section 60 (i) or (j) architectural schedule B, regardless of
size
Any building in excess of 470m2 gross area, being Architect
professional design and review,
the aggregate area of all floors
(architect OR engineer) including
architectural schedule B, regardless of
Any building to be used as a hospital, sanitorium
size
or home for the aged with a capacity of over 12
beds
Any building in excess of 470m2 gross area, being Architect
the aggregate area of all floors
Any building to be used as a hospital, sanitorium
or home for the aged with a capacity of over 12
beds

C

professional design and review,
(architect OR engineer) including
architectural schedule B, regardless of
size

professional design and review,
(architect OR engineer) including
architectural schedule B, regardless of
size

Any building more than 1 storey exceeds 235m2
gross area
B1

Comments

Architect

of 9m
Any building more than 1 storey exceeds 235m2
gross area
A3

BCBC-VBBL requirements1

Any apartment or residential building containing Architect
5 or more dwelling units
Any hotel or similar occupancy containing 11 or
more guest rooms for permanent or transient
occupancy

professional design and review,
(architect OR engineer) including
architectural schedule B, regardless of
size

professional design and review,
including architectural schedule B,
when exceeding 600 m2 in building
area2 or exceeding 3 storeys in
building height ; or buildings with a
common egress system where the
building area is reduced to less than
600 m2 in building area by the use of
firewalls

D

Business and personal
services occupancies

Any building in excess of 470m2 gross area, being Architect
the aggregate area of all floors

professional design and review,
including architectural schedule B,
when exceeding 600 m2 in building
area or exceeding 3 storeys in
building height

E

Mercantile occupancies

Any building in excess of 470m2 gross area, being Architect
the aggregate area of all floors

professional design and review,
including architectural schedule B,
when exceeding 600 m2 in building
area or exceeding 3 storeys in
building height

F1

High-hazard industrial
occupancies

Any building in excess of 470m2 gross area, being Architect or
the aggregate area of all floors
engineer, when
such building is
usually designed by
an engineer, per
Architects Act
Section 60 (b)

professional design and review,
(architect OR engineer)including
architectural schedule B, regardless of
size

F2

Medium-hazard industrial Any building in excess of 470m2 gross area, being Architect or
occupancies
the aggregate area of all floors
engineer, when
such building is
usually designed by
an engineer, per
Architects Act
Section 60 (b)

professional design and review,
including architectural schedule B,
when exceeding 600 m2 in building
area or exceeding 3 storeys in
building height

F3

Low-hazard industrial
occupancies

professional design and review,
including architectural schedule B,
when exceeding 600 m2 in building
area or exceeding 3 storeys in
building height

Any building in excess of 470m2 gross area, being Architect or
the aggregate area of all floors
engineer, when
such building is
usually designed by
an engineer, per
Architects Act
Section 60 (b)
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3. Gross area means "the aggregate area
of all floors". For example, a 10 storey
building with each floor being 100 m2
would have a gross area of 1,000 m2.

Building Classification by Major
Occupancy per BCBC and VBBL,
(NBCC except post-disaster
buildings)

Building Description per the Architects Act

Architects Act
requirement for
architect

ALL Post-disaster buildings of any occupancy :
hospitals, emergency
treatment facilities and
blood banks

Any building in excess of 470m2 gross area, being Architect
the aggregate area of all floors; plus any hospital
facility with a capacity more than 12 beds

telephone exchanges,
Any building in excess of 470m2 gross area, being Architect or
power generating stations the aggregate area of all floors
engineer, when
and electrical substation
such building is
usually designed by
an engineer, per
Architects Act
Section 60 (b)
control centres for air, land Any building in excess of 470m2 gross area, being Architect, except
and marine transportation the aggregate area of all floors
per Architects Act
exceptions in
Section 60 (i) or (j)
public water treatment and Any building in excess of 470m2 gross area, being
storage facilities, and
the aggregate area of all floors
pumping stations, sewage
treatment facilities

Architect or
engineer, when
such building is
usually designed by
an engineer, per
Architects Act
Section 60 (b)
buildings having critical
Any building in excess of 470m2 gross area, being Architect or
national defence functions the aggregate area of all floors
engineer, when
such building is
usually designed by
an engineer, per
Architects Act
Section 60 (b);
except per
Architects Act
exceptions Section
60 (i) or (j)
buildings of the following Any building in excess of 470m2 gross area, being
types except buildings
the aggregate area of all floors
exempted by the AHJ:
emergency response
facilities, fire, rescue and
police stations and housing
for vehicles, aircraft of
boats used for such
purposes, and
communications facilities,
including radio and
televison stations
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Architect or
engineer, when
such building is
usually designed by
an engineer, per
Architects Act
Section 60 (b);
except per
Architects Act
exceptions Section
60 (i) or (j)

BCBC-VBBL requirements1

professional design and review,
including architectural schedule B,
regardless of size

Comments

Information Bulletin
Building and Safety Standards Branch
PO Box 9844 Stn Prov Govt
Victoria BC V8W 9T2
Email: building.safety@gov.bc.ca
Website: www.housing.gov.bc.ca/building

No. B13 - 04
July 8, 2013

Fire Department Response Time
Background
The BC Building Code uses different criteria to establish spatial separation requirements for
unsprinklered buildings, depending on the response time of a fire department. Where the
response time, measured according to the parameters in this bulletin and the BC Building Code,
exceeds 10 minutes in 10% or more of the calls to the building, requirements related to limiting
distance may be affected.

How do I determine fire department response time?
For the purpose of the application of Clauses 3.2.3.1.(8)(a), 9.10.14.3.(1)(a) and 9.10.15.3.(1)(a)
of the BC Building Code, fire department response time shall be considered to be the time from
the receipt of notification of a fire by the fire department, to the arrival, at the building or building
site, of the first firefighting vehicle that is staffed and equipped to fight a fire for the purpose of
limiting the exposure to adjacent buildings.
This bulletin is only intended to address the measurement of fire department response time for
application of Clauses 3.2.3.1.(8)(a), 9.10.14.3.(1)(a) and 9.10.15.3.(1)(a) of the BC Building
Code.

When do I start measuring and when do I stop?
Measurement of fire department response time starts when the fire department receives
notification, and does not include the time it takes for 911 or other dispatch services to relay the
call to the fire department. Response time ends when the first firefighting vehicle arrives at the
building or building site, and does not include additional set-up time for the vehicle or crew.
The estimated response time should be determined for the specific building site and not an
average for the general community. The response time should be determined using present,
factual information and circumstances. Fire department response time does not need to account
for potential future impacts such as increased traffic congestion or road closures.

1
The contents of this Bulletin are not intended to be provided as legal advice and should not be relied upon as legal
advice. For further information contact the Building & Safety Standards Branch.
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Victoria BC V8W 9T2
Email: building.safety@gov.bc.ca
Website: www.housing.gov.bc.ca/building

What is a ‘firefighting vehicle?’
A firefighting vehicle is one that has integral firefighting equipment and does not include support
vehicles, such as pickup trucks or other passenger vehicles.

Do I need to be familiar with NFPA 1710?
The reference to NFPA 1710 in Appendix note A-3.2.3.1.(8) is intended to provide commentary
on the measurement of response time based on 90% of actual response times. NFPA 1710 is
not a referenced standard in the BC Building Code and there is no expectation that performance
requirements in NFPA 1710 be met.

Code references:

3.2.1.3.(8)(a) the time from receipt of notification of a fire by the fire department until the
arrival of the first fire department vehicle at the building exceeds 10 min in 10% or more
of all fire department calls to the building, and
9.10.14.3.(1)(a) the time from receipt of notification of a fire by the fire department until
the first fire department vehicle arrives at the building exceeds 10 min in 10% or more of
all calls to the building, and
9.10.15.3.(1)(a) the time from receipt of notification of a fire by the fire department until
the first fire department vehicle arrives at the building exceeds 10 min in 10% or more of
all calls to the building, and

2
The contents of this Bulletin are not intended to be provided as legal advice and should not be relied upon as legal
advice. For further information contact the Building & Safety Standards Branch.

NFPA 1500 Fire Department Occupational Safety, Health and Wellness
Program Worksheet (2018 Edition)
NFPA 1500, the Standard on Fire Department Safety and Health Program specifies the minimum requirements for an
occupational safety, health and wellness program for fire departments or organizations that provide rescue, fire
suppression, emergency medical services, hazardous materials mitigation, special operations, and other emergency
services.
This worksheet is compiled to assist you in determining the appropriate level of compliance by your organization and to
assist you in developing an action plan to enhance your organization’s safety and health program. To fully understand
each aspect of the worksheet, we recommend you obtain a copy of the NFPA 1500 Standard. That can be
accomplished by contacting the publisher at www.nfpa.org. Note- Reference to NFPA Standards indicates the most
recent edition of the standard.

Content
Chapter 1 Administration
1.4 Equivalency
1.4.1 Equivalency levels of qualifications
established- Ref. Chapter 5
1.4.2 Technical documents to demonstrate
equivalency
1.5 Adoption Requirements
1.5.1 Voluntary adoption
1.5.1 Legal adoption
1.5.3 Adoption of a risk management plan
Chapter 4 Organization
4.1 Fire Dept. Organization Statement
4.1.1 Written statement or policy
4.1.2 Operational response criteria/prepare &
maintain SOPs/SOGs
4.1.3 Statement available for inspection
4.1.4 Pre-incident plans developed
4.2 Risk Management Plan
4.2.1 Written risk management plan
4.2.2 Risk management plan coverage
4.2.3 Risk Management plan components
4.3 Safety and Health Policy
4.3.1 Written fire department occupational
safety, health and wellness policy
4.3.2 Program complies with NFPA 1500
4.3.3 Plan effectiveness evaluated (min. every
3 years)
4.4 Roles and Responsibilities
4.4.1 Fire department responsibility
4.4.2 Comply with laws
4.4.3 Fire department rules, regulations, SOPs
and SOGs
4.4.4 Accident investigation procedure
4.4.5 Accidents, near-misses and illness
investigated

Compliance
Y = Yes
N = No
N/A

Planned
Compliance
Date

Comments

Content
4.4.6 Individuals cooperate, participate, and
comply
4.4.7 Member has right to be protected and
participate
4.4.8 Member organization
4.5 Occupational Safety and Health
Committee
4.5.1 Establish advisory committee
4.5.2 Committee purpose established
4.5.3 Regular meetings (min. of once every 6
months)
4.5.4 Member orientation and best practices
training
4.6 Records
4.6.1 Accidents, injury, illness, exposures,
death records
4.6.1.1 Aligned with national fire service
database system
4.6.2 Individual occupational exposure
documentation
4.6.3 Confidential health records
4.6.4 Training records, including certifications
4.6.5 Vehicles and equipment records
4.7 Appointment of the Health and
Safety Officer
4.7.1 Appointed by fire chief
4.7.2 Meets qualifications of NFPA 1521
4.7.3 Given authority to administer program
4.7.4 Performing functions in NFPA 1521
4.7.5 Managing occupational safety, health and
wellness program
4.7.6 Additional safety officers and resources
available
Chapter 5 Training, Education, and
Professional Development
5.1 General Requirements
5.1.1. Establish and maintain a training,
education and professional development
program
5.1.2 Training commensurate with duties and
functions
5.1.3 Training and education programs for new
members
5.1.4 Restrict the emergency operational
activities of new members
5.1.5 Training on the risk management plan
5.1.6 Training on department’s written
procedures
5.1.7 Training for emergency medical services
5.1.8 Training on operation, limitation,
maintenance, and retirement criteria for
personal protective equipment
5.1.9 Maintaining proficiency in skills and
knowledge

Compliance
Y = Yes
N = No
N/A

Planned
Compliance
Date

Comments

Content
5.1.10 Training includes safe exiting and
accountability
5.1.11 Training includes incident management
and accountability system used by the
fire dept.
5.2 Member Qualifications
5.2.1 Fire fighters meet NFPA 1001
5.2.2 Drivers/operators meet NFPA 1002
5.2.3 Airport fire fighters meet NFPA 1003
5.2.4 Fire officers meet NFPA 1021
5.2.5 Wildland fire fighters meet NFPA 1051
5.2.6 Hazardous materials responders trained
to at least operations level per NFPA 472
5.2.7 Fire Investigators meet NFPA 1033
5.2.8 Fire Inspectors meet NFPA 1031
5.3 Training Requirements
5.3.1 Adopt or develop training and education
curriculum
5.3.2 Training supports minimum qualifications
and certifications of members
5.3.3 Members practice assigned skills sets on
a regular basis but not less than annually.
5.3.4 Training for members when written
policies, practices, procedures, or
guidelines are changed.
5.3.5 SCBA training program per NFPA 1404
5.3.6 Wildland fire fighters trained at least
annually in the proper deployment of fire
shelter
5.3.7 Live fire training in accordance with NFPA
1403
5.3.8 Supervised training by qualified instructor
5.3.9 Emergency medical services training
5.3.10 Training on use, care, maintenance and
limitation of PPE
5.3.11 Training includes incident management
and accountability system used by the
fire department
5.3.12 Infectious disease control training to
NFPA 1581
5.3.13 Trained in workplace exposure risks
5.3.13.Trained to recognize workplace
exposure incidents & proper decon.
5.4 Special Operations Training
5.4.1 Advanced training for special operations
members
5.4.2 Train members for support to special
operations
5.4.3 Technician level for hazardous materials
mitigation
5.4.4 Rescue technician training to NFPA 1670
& NFPA 1006 when required
5.5. Member Proficiency
5.5.1 Proficiency of members
5.5.2 Monitor training progress

Compliance
Y = Yes
N = No
N/A

Planned
Compliance
Date

Comments

Content
5.5.3 Annual skills check
5.6 Training Activities
5.6.1 All training and exercises conducted
under direct supervision of qualified
instructor
5.6.2 All live training follows NFPA 1403
5.6.2.1 EMS provided for live training exercises
5.6.3 Risk assessment conducted for non-live
fire training to determine level of EMS
Chapter 6 Fire Apparatus, Equipment and
Drivers/Operators
6.1 Fire Department Apparatus
6.1.1 Safety and health concerns related to fire
apparatus
6.1.1.1 Upload, monitor and review vehicle data
recorder
6.1.2 New fire apparatus meets NFPA 1901
6.1.3 New Wildland fire apparatus meets NFPA
1906 (exception of Sect. 14.4)
6.1.4 New ambulances meet NFPA 1917
6.1.5 New marine fire-fighting vessels meet
NFPA 1925
6.1.6 Tools, equipment, and SCBA properly
secured within seating area regions
6.1.7 Apparatus refurbished per NFPA 1912
6.1.8 4-point Restraints and harnesses for
aircraft operators and passengers
6.1.9 Apparatus has storage area with positive
means to present unintentional hose
deployment (top and 4 sides)
6.2 Drivers/Operators of Fire
Department Apparatus
6.2.1 Successful completion of approved driver
training commensurate with assigned
vehicle.
6.2.1.1 Vehicle with more than 999 gal. of
water, the drivers meet NFPA 1451
6.2.1.2 Establish and post maximum vehicle
speed limit
6.2.2 Drivers possess a valid driver’s license
(Specific state or DOT regulations)
6.2.2.1 Comply with all traffic laws and Dept.
rules/regs
6.2.2.2 Vehicles without ABS and more than
999 gal. od water must be non-emergent
at all times
6.2.3 Rules and regulations for operating fire
department vehicles in emergency modes
and when emergency mode is Not
authorized
6.2.4 Drivers are responsible
6.2.4.1 Direct supervisor also responsible
6.2.5 All persons secured and seated
6.2.6 Drivers obey all traffic laws

Compliance
Y = Yes
N = No
N/A

Planned
Compliance
Date

Comments

Content
6.2.7 SOP’s for non-emergency and
emergency response- speed,
intersections, RR crossings, warning
devices and backing.
6.2.7.1 Safe arrival is first priority
6.2.8 Emergency response, drivers bring
vehicle to a complete stop:
6.2.9 Proceed only when safe and account for
ALL lanes of traffic
6.2.10 Stop at unguarded railroad grade
crossing
6.2.11 Use caution at guarded railroad grade
crossings
6.2.12 SOP’s - engine, transmission and
driveline retarders
6.2.13 SOP’s manual brake limiting valves
6.2.14 Rules and regulations for private
vehicles for emergency response and
use of lighting and audible warning
devices
6.3 Riding in Fire Apparatus
6.3.1 Everyone seated and belted
6.3.2 No standing or riding on tail steps,
enclosed cabs, running boards, etc.
6.3.3 Seat belts not released while the vehicle
is in motion
6.3.4 Secured to vehicle while performing
emergency medical care
6.3.5 SOPs for hose loading operations
6.3.6 Tiller training (if applicable)
6.3.7 Helmets for riding in unenclosed areas
6.3.7.1 Helmets not worn in enclosed cabs
6.3.8 Eye protection for riding in unenclosed
areas
6.3.9 Alternative transportation for members
that cannot be seated and buckled
6.4 Inspection, Maintenance, and Repair of
Fire Apparatus
6.4.1 Fire apparatus inspection, testing and
repair per NFPA 1911
6.4.2 Pumpers service tested per NFPA 1911
6.4.3 All aerial devices inspected and tested
per NFPA 1911
6.4.4 Apparatus disinfected per NFPA 1581
6.5 Tools and Equipment
6.5.1 Safety and health are primary concerns
6.5.2 Hearing conservation
6.5.3 New fire department ground ladders meet
NFPA 1931
6.5.4 New fire hose meets NFPA 1961
6.5.5 New spray nozzles meet NFPA 1964
6.5.6 Equipment inspected at least weekly and
within 24 hours after any use
6.5.7 Inventory records maintained for the
equipment

Compliance
Y = Yes
N = No
N/A

Planned
Compliance
Date

Comments

Content
6.5.8 Equipment tested at least annually
6.5.9 Defective or unserviceable equipment
removed from service
6.5.10 Tools and equipment disinfected and
cleaned per NFPA 1581
6.5.11 Fire Department ground ladders tested
per NFPA 1932
6.5.12 Fire hose inspected and tested per
NFPA 1962
6.5.13 Portable fire extinguishers, tested and
inspected per NFPA 10
6.5.14 Powered rescue tools meet NFPA 1936
Chapter 7 Protective Clothing and
Protective Equipment
7.1 General
7.1.1 Fire department provides PPE for each
member based on risk assessment
7.1.2 Use of PPE during potential exposures
7.1.2.1 Body armor provided with associated
risks (minimum Level IIIA)
7.1.2.2 Personnel assigned to Rescue Task
Force provided additional equipment
7.1.3 Appropriate ensembles worn based on
operational assignment
7.1.4 PPE cleaned per NFPA 1851
7.1.5 Where worn, station work uniforms meet
NFPA 1975
7.1.6 Inspection, care and maintenance
according to manufacturer’s
recommendations
7.1.6.2 On-site care and maintenance
equipment per NFPA 1851
7.1.6.4 Specific roles, responsibilities and
authorities defined for PPE care
7.1.7 Training provided for PPE and equipment
program
7.2 Protective Clothing for Structural Fire
Fighting
7.2.1 Protective clothing meets NFPA 1971
7.2.2 Minimum 2 in. (50 mm) overlap of all
protective clothing layers
7.2.3 Overlap not required on single piece
protection coveralls
7.2.4.2 Gloves have proper interface
7.2.5 Require all members to wear all
appropriate protective ensemble
7.2.5.1 Program in place for selection, care,
maintenance, and use of protective
clothing per NFPA 1851
7.2.6 Specific procedures for rapid extrication
of a downed fire fighter that involves the
use of specific equipment worn by the
fire fighter
7.3 Protective Clothing for Proximity Fire
Fighting Operations

Compliance
Y = Yes
N = No
N/A

Planned
Compliance
Date

Comments

Content
7.3.1 Risk assessment performed as required
by Chapter 5 of NFPA 1581 to determine
need for proximity assembly
7.3.2 Proximity fire-fighting protective
equipment meeting NFPA 1971 provided
and used
7.3.3 Overlap not required on single-piece
protection coveralls
7.3.4 SCBA protected-or informed of high level
of radiant heat
7.4 Protective Clothing for Emergency
Medical Operations
7.4.1. SOPs on minimum level of protection
based on risk
7.4.1.1 Emergency medical protective clothing
meeting NFPA 1999 provided and used
7.4.2 Members use emergency medical gloves
7.4.3 Members use emergency medical body
and face protection
7.4.4 Infection control program for EMS
protective clothing meets NFPA 1581
7.5 Chemical-Protective Clothing for
Hazardous Material Emergency
Operations
7.5.1 Members have and use vapor-protective
garments that meet NFPA 1991 when
appropriate
7.5.2 Members have and use liquid splashprotective garments that meet NFPA 1992
when appropriate
7.5.3 Members have and use appropriate
protective ensemble for CBRN terrorism
incidents
7.6 Inspection, Maintenance, and Disposal
of Chemical- Protective Clothing
7.6.1 Inspected and maintained per
manufacturer’s recommendation
7.6.2 Dispose of contaminated garments
7.7 Protective Clothing and Equipment for
Wildland Fire Fighting
7.7.1 SOP’s for use of protective clothing
7.7.2 Protective clothing that meets NFPA 1977
provided and used
7.7.3 Fire shelter provided and worn properly
7.8 Protective Ensemble for Technical
Rescue Operations
7.8.1 Technical rescue protective clothing
meeting NFPA 1855 provided and used
7.8.2 Special team members for search,
rescue, recovery and site stabilization with
protective ensemble meeting NFPA 1951
7.8.3 Minimum of 2 inch overlap
7.8.4 Respiratory protection certified by NIOSH
provided and used
7.8.5 Primary eye protection that meets NFPA
1951 provided and used

Compliance
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Compliance
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7.8. Protective clothing used and maintained
per manufacturer’s instructions
7.9 Protective Clothing and Equipment for
Surface Water Operations
7.9.1 Members who engage in surface water
operations use a protective ensemble
meeting NFPA 1952
7.9.2 Surface water protective ensembles used
and maintained in accordance to
manufacturer’s instructions
7.9.3 Fire department established maintenance
and inspection program for surface water
operation protective ensembles
7.9.4 Proper decontamination procedures for
surface water protective ensembles
7.10 Respiratory Protection Program
7.10.1 Respiratory protection program
addresses the selection, care,
maintenance, and use
7.10.2 SOPs addresses respiratory protection
7.10.3 Members qualified at least annually in
use
7.10.4 Reserve SCBA provided and
maintained
7.10.5 Adequate reserve air supply
7.10.6 Equipment stored ready- for- use and
properly protected
7.10.7 SCBA provided that meets NFPA 1981
and required to be used
7.10.8 Members understand keeping facepiece
in place
7.11 Breathing Air
7. 11.1 Breathing air meets NFPA 1989
7.12 Respiratory Protection Equipment
7.12.1 SCBA meet appropriate standards
7.12.2 Supplied-air respirators appropriate for
intended application
7.12.3 Air-purifying respirators NIOSH certified
with policy for use
7.13 Fit Testing
7.13.1 Quantitative fit test annually
7.13.2 New members fit tested before permitted
in hazardous atmospheres
7.13.3 Respirators quantitative fit testing in
negative pressure mode
7.13.4 Records of facepiece fitting test
7.13.5 Protection factor at least 500 for
negative-pressure facepieces
7.14 Using Respiratory Protection
7.14.1 Facepiece-to-face seal required
7.14.2 Nothing passes through area of seal
7.14.3 No beard and facial hair in area of seal
7.14.4 Spectacles fitted to inside of facepiece
7.14.5 Spectacle strap or temple bars
prohibited

Compliance
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Content
7.14.6 Contact lenses permitted
7.14.7 Head covering breaking seal prohibited
7.14.8 SCBA facepiece/head harness worn
under protective hood
7.14.9 SCBA facepiece/head harness worn
under hazardous materials chemical
protective hood
7.14.10 Helmet does not interfere with the
facepiece-to-face seal
7.15 SCBA Cylinders
7.15.1 Aluminum cylinders Inspected annually
7.15.2 Hydrostatic test cylinders
7.15.3 Structural fire fighting cylinders
minimum capacity of 1699 L
7.15.4 In-service SCBA cylinders stored
charged
7.15.5 In-service SCBA cylinders inspected
weekly, monthly, and prior to filling
7.15.6 Personnel protected during SCBA
cylinder filling
7.15.7 Unique situations for rapid filling
identified
7.15.8 Risk assessment process used to
identify rapid filling situations
7.15.9 Rapid refilling of SCBA on person
limited
7.15.10 Emergency situation for air transfer
(EEBSS) permitted
7.15.11 Transfilling per manufacturer’s
instructions
7.15.12 When cylinder is less than 600L IDLH
exiting practiced
7.16 Personal Alert Safety Systems (PASS)
7.16.1 PASS meet NFPA 1982
7. 16.2 Members provided with and use PASS
device
7. 16.3 Tested at least weekly and prior to use
7.17 Life Safety Rope and System
Components
7.17.1 Life safety rope and system components
meet NFPA 1983
7.17.2.1 Life safety rope used for other
purposes removed from service
7.17.3 Reuse of life safety rope only after
evaluation and meeting NFPA 1983
7.17.4 Rope inspection by qualified person
7.17.5 Records document each life safety rope
use
7.18 Face and Eye Protection
7.18.1 Eye protection appropriate for hazard
provided and used
7.18.2 SCBA facepiece used as primary face
and eye protection
7.18.3 Primary eye protection used when full
facepiece not used
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7.19 Hearing Protection
7.19.1 Provided and used when apparatus
noise in excess of 90 dBA
7.19.2 Provided and used when tool and
equipment noise in excess of 90 dBA
7.19.3 Hearing conservation program
7.20 New and Existing Protective Clothing
and Protective Equipment
7.20.1 New PPE meets current standards
7.20.2 Existing PPE shall have met standards
when manufactured
7.20.3 Protective ensembles retired in
accordance with NFPA 1851
7.20.4 SCBA retired in accordance with NFPA
1852
7.20.5 Fire Department program for the
retirement of all protective clothing and
equipment
7.20.6 Retirement program based on
manufacturer’s criteria if NFPA standard
does nor exist
Chapter 8 Emergency Operations
8.1 Incident Management
8.1.1 Prevent accidents and injuries
8.1.2 Incident management system in writing
and meets NFPA 1561
8.1.3 IMS used at all emergency incidents
8.1.4 IMS applied to drills, exercises, and
training
8.1.5 Incident commander responsible for
overall management and safety
8.1.6 Incident safety officer assigned when
needed
8.1.7 Span of Control met
8.1.8 Incident commander’s responsibilities, as
listed
8.1.8.1 Interagency coordination meets NFPA
1561
8.2 Communications
8.2.1 Dispatch and incident communication
systems meet NFPA 1561 and NFPA
1221
8.2.2 All hot or warm zone personnel equipped
with portable radio
8.2.3 SOPs for use of clear text radio
messages
8.2.3.1 Procedures for emergency traffic
8.2.4 Clear text during emergency traffic
8.2.4.2 Mayday term used
8.3 Crew Risk Management During
Emergency Operations
8.3.1 Crew risk management integrated in
incident command
8.4 Risk Management During Emergency
Operations

Compliance
Y = Yes
N = No
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8.4.1 Risk management principles used
8.4.2 IC evaluates risk to members
8.4.2.1 Specific principles applied
8.4.4 Risk management principles routinely
employed by supervisors
8.4.5 Incident safety officer with proper
expertise appointed
8.4.6 Protective equipment appropriate for
CBRN exposures
8.4.7 Consider giving appropriate chemical
antidote kits
8.5 Personnel Accountability During
Emergency Operations
8.5.1 Written SOPs for personnel accountability
according to NFPA 1561
8.5.2 Local conditions and characteristics
considered
8.5.3 Members actively participate
8.5.4 IC maintains awareness of all companies
and crews location and function
8.5.5 TLMC officers supervise assigned
companies/crews
8.5.6 Company officers responsible for
members
8.5.7 Members remain with company
8.5.8 Member responsible for following
personnel accountability system
8.5.9 Personnel accountability system used at
all incidents
8.5.10 Accountability system effective
8.5.11 Additional accountability officers
8.5.12 IC and supervisors responsible for
tracking and accountability of assigned
companies
8.6 Members Operating at Emergency
Incidents
8.6.1 Adequate number of personnel provided
to safely conduct emergency operations
8.6.1.1- Career Depts meet NFPA 1710
8.6.1.2- Vol. Depts meet NFPA 1720
8.6.2 No evolutions outside of established
safety criteria
8.6.3 Inexperienced members directly
supervised
8.6.4 Members operate in teams of two or more
8.6.5 Crew members in communication with
each other
8.6.6 Crew members operate in proximity to
each other
8.6.7 Two in, two out in initial stages
8.6.8 At aircraft rescue and firefighting, IDLH
area within wingtip to wingtip area
8.6.9 Highest available level of EMS available
for special operations (BLS min.)
8.6.10 EMS personnel at hazmat operations
meet NFPA 473
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8.6.11 IC requests EMS to be available
8.6.12 Members secured to aerial device based
on NFPA 1983
8.6.13 PPE and SCBA used by fire
investigators and others (overhaul) in
IDLH atmosphere
8.6.14 Water rescue members wear approved
personal flotation devices
8.6.15 SOPs for operating near hazardous
energy sources
8.7 Hazard Control Zones
8.7.1 Hazard control zones established with
members wearing appropriate level of
PPE
8.7.2 Hazard control zone perimeters
established
8.7.3 Changes in perimeters communicated to
all members on scene
8.7.4 Hazard control zones identified (colored
tape)
8.7.4.4 No-entry zones clearly taped and
enforced
8.7.5 The IC ensures that the designation of the
appropriate protective clothing and
equipment is commensurate with the
hazard zone the member is operating in
8.7.6 All officers and members using
appropriate PPE within that zone
8.7.7 The use of hazard control zones
continued until the hazard have been
mitigated
8.8 Rapid Intervention for Rescue of
Members
8.8.1 Personnel provided for the rescue of
members operating at incident
8.8.1.1 IRIC trained to NFPA 1407
8.8.2 Initial 2 in/2 out compliance
8.8.3 Dedicated RIC once staffing expanded
8.8.4 RIC a minimum of 2 members
8.8.5 RIC uses an Universal Air Connector
8.8.6 Composition and structure of the RIC
based on incident type and size
8.8.7 IC addresses risk and number of RICs
needed
8.8.8 IRIC role based on early stage
requirements
8.8.9 RIC personnel assignment shall not
jeopardize safety of others
8.8.10 During fire fighter rescues
crews/companies remain intact
8.8.11 Dedicated RIC standing by during
special ops or IDLH related to collapse or
equipment failure
8.9 Rehabilitation During Emergency
Operations
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8.9.1 Rehabilitation provided according to
NFPA 1584
8.9.1.1 Personnel limited to no more than two
SCBA cylinders before going to rehab
8.10 Scenes of Violence, Civil Unrest, or
Terrorism
8.10.1 No fire department involvement, at
ongoing violence, until law enforcement
has deemed the scene as secure
8.10.2. Fire Department personnel never used
for crowd control or dispersement
8.10.3 Unified SOPs with law enforcement on
roles/responsibilities
8.10.4 Interagency agreement to provide
protection fire department members at
violent scenes
8.10.5 Communication to indicate life-anddeath situations
8.10.6 Fire department to coordinate with law
enforcement
8.10.7 Fire department IC identifies and reacts
to violent situations
8.10.8 Fire department IC communicates with
law enforcement IC
8.10.9 Stage resources in a safe area until
scene secure
8.10.10 Secure law enforcement or withdraw
when violence occurs
8.10.11 Body armor used only by members
trained and qualified
8.10.12 Members supporting SWAT operations
trained and operating under SOPs
8.11 Post-Incident Analysis
8.11.1 SOPs for standardized post-incident
critique
8.11.2 Incident safety officer involved in critique
8.11.3 Review of conditions and actions on the
safety and health of members.
8.11.4 Identify needed action to improve
welfare of members
8.11.5 Analysis includes standard action plan
Chapter 9 Traffic Incident Management
9.2 Emergency Operations at Traffic
Incidents
9.2 SOP regarding emergency operations
involving traffic
9.2.1 Training on roadway hazards and safety
9.3 Placement of Apparatus and Warning
Devices
9.3 Safe work zones established with early
warning devices
9.4 Use of Apparatus as a Blocking Device
9.4 First arriving apparatus placed in a blocking
position
9.4.1 Placement of blocking apparatus based
on traffic conditions/hazards
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9.4.2 Once TIMA is established blocking
apparatus reduces warning lights
9.4.3 Additional responding vehicles placed
downstream with warning lights reduced
9.4.4 Ambulances placed for safe loading
9.4.5 Traffic cones and warning signs compliant
with MUTCD
9.4.6 Warning devices placed with visual
obstruction considerations
9.4.7 members and victims placed in a safe
location
9.4.8 Unneeded apparatus and private vehicles
placed downstream or off roadway
9.4.9 High-Visibility apparel compliant with
MUTCD worn day/night
9.4.10 Traffic control personnel trained to
NFPA1091
Chapter 10 Facility Safety
Chapter 10.1 Safety Standards
10.1.1 Comply with all appropriate codes
10.1.2 Facilities for disinfecting, cleaning, and
storage per NFPA 1581
10.1.3 All facilities comply with NFPA 101
10.1.3.1 All facilities have smoke detectors
10.1.3.4 All facilities have carbon monoxide
detectors
10.1.4 New buildings housing personnel are
fully sprinklered
10.1.5 Methods to prevent exhaust exposure
10.1.6 Contaminated PPE not in living and
sleeping areas
10.1.7 Smoke-free facilities
10.1.8 Pole holes secured
10.2 Inspections
10.2.1 Annual code inspection
10.2.2 Inspections documented
10.2.3 Monthly safety and health inspection
10.3 Maintenance and Repairs
10.3 System to maintain facilities and correct
safety or health hazards
Chapter 11 Medical and Physical
Requirements
11.1 Medical Requirements
11.1.1 Medical qualified before becoming a
member
11.1.2 Medical evaluation considers risks and
functions associated with duties
11.1.3 Candidates and members meet NFPA
1582
11.1.4 Aircraft pilots comply with FAA
regulations
11.1.5 Members under influence of drugs or
alcohol excluded from participation
11.2 Physical Performance Requirements
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11.2.1 Fire department develops physical
performance requirements
11.2.2 Candidates qualified in physical
performance prior to training
11.2.3 Members annually qualified in physical
performance
11.2.4 Members not qualified not involved in
emergency operations
11.2.5 Physical performance rehabilitation
program available
11.3 Health and Fitness
11.3.1 Health and fitness program meets NFPA
1583
11.3.2 Fitness levels determined by individual’s
assigned functions by dept. physician
11.3.3 Health and fitness coordinator
administers the program
11.3.4 Health and fitness coordinator is liaison
between fire dept. and dept. physician
11.4 Confidential Health Data Base
11.4.1 Confidential, permanent Individual
health file for each member
11.4.1.1 Health file separate from personnel file
and maintained to ADA, FMLA and 29
CFR 1910.1020 standards
11.4.2 Health file complete
11.4.3 Composite data base for analysis
11.4.4 Autopsy or medical data results in health
data base for members and former
members
11.5 Infection Control
11.5.1 Fire department limits or prevents
member’s exposure
11.5.2 Infection control program meets NFPA
1581
11.6 Fire Department Physician
11.6.1 Fire department licensed physician
officially designated
11.6.2 Provides medical guidance in
management of safety and health
program
11.6.4 Available on urgent basis
11.6.5 Health and safety officer and health
fitness coordinator liaison with physician
11.7 Fitness for Duty Evaluations
11.7.1 Process established to evaluate ability
to perform essential job functions
11.7.2 Process to evaluate a member
conducted by a qualified person and
confirmed by dept. physician
11.7.3 Member unable to meet the evaluation is
provided a method/assistance to meet
the standard
11.7.4 Dept. physician determines when the
member can return to duty
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Chapter 12 Behavioral Health and
Wellness Programs
12.1 Behavioral Health Program
12.1.1 Behavior health program available for
members and their immediate family
12.1.2 When clinically indicated, members and
family members will be referred to
evidence-based treatment.
12.1.2.1 thru 12.1.2.2.2 these sections met
regarding policies, record keeping, etc.
12.1.3 Program assist in creating resiliency to
stress and traumatic exposure
12.1.4 Program provided thru leadership
development and organizational group
dynamics evaluation and training
12.2 Wellness Program
11.2.1 Wellness program preventative goals
and strategies
11.2.2 Wellness program uses peer reviewed
and researched strategies supporting
safety and efficacy of program
11.2.2.1 Program on smoking/tobacco use
cessation
Chapter 13 Occupational Exposure to
Atypically Stressful Events
13.1.1 Dept. physician maintains oversight of
clinical aspects of the program
13.1.1.1 Fire Dept. maintains relationship with
certified behavioral health specialist
13.1.1.2 Behavioral health specialist has
knowledge of fire dept. culture and
traumatic exposure
13.1.2 Written policy outlining protocols to
address traumatic exposure
13.1.3 Outlined assistance and intervention
available
13.1.3.1 Participation in intervention is
voluntary
13.1.3.2 Specialty treatment by licensed and
certified specialist
Chapter 14 Exposure to Fireground Toxic
Contaminants (FTC)
14.1 Training
14.1 Training provided on the hazards
associated with fireground toxic contaminants
14.1.1 FTC Training includes: Awareness;
Prevention; Mitigation and Risk factors
14.2 Prevention and Mitigation
14.2 SOPs related to prevention and mitigation
of exposures
14.3 Cleaning and Maintenance
14.3.1 AHJ provides cleaning and maintenance
of PPE
14.3.2 Soiled or contaminated PPE removed
from service until properly cleaned-NFPA
1851
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14.4 Mitigation of Fireground Toxic
Contaminant Exposure
14.4.1 Appropriate PPE worn during all phases
of fireground operations
14.4.2 Respiratory protection during overhaul is
supplied-air respirator
14.4.2.1.1 An APR only permitted in listed
conditions
14.4.1.1.2 APR chemical cartridge is NIOSH
approved
14.4.1.1.3 APR filter changeout schedule
established
14.5 Post-Incident Fireground Toxic
Contaminant Exposure
14.5.1 Members trained on appropriate doffing
of contaminated PPE
14.5.1.1 Doffing training includes prevention of
cross contamination
14.5.2 SOP on decontamination of fire fighters
14.5.3 Provision of appropriate
decontamination facilities and equip.
14.5.3.1 Proper personal hygiene cleansing
after exposure
14.6 Exposure Reporting Requirements
14.6.1 Established possible exposure reporting
system for members
14.6.1.1 Exposure report records maintained
for at least 15 years following member
separation
14.6.1.2 Members have access to their
personal exposure recortds
14.6.2 All personnel potential exposed shall
complete an exposure report
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