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It’s just dust, and it doesn’t seem that it could be dangerous, let alone
explosive. But any combustible material (and some materials

normally considered noncombustible) can burn rapidly when in a
particulate or finely ground form. Fine particles of grain, fertilizer,
sugar, coal, and finely ground metals such as aluminum and
chromium are examples of combustible dusts.

If such a dust is suspended in air in the right concentration and in an
enclosed space, it can explode. The force from such an explosion can
cause employee deaths, injuries, and destruction of entire buildings.
Such incidents have killed scores of employees and injured hundreds
over the past few decades.

In addition to explosion hazards, dusts pose a range of other hazards.
Minor hazards may include reduced visibility and slippery surface
conditions. Some dusts, such as asbestos and silica, pose serious
respiratory hazards and long-term health effects, such as pneumoconiosis.

Dust explosion pentagon
In simple terms, a dust explosion is a very rapid combustion or
burning of the dust when it is suspended in air. In addition to the
familiar fire “triangle” of oxygen, heat, and fuel (the dust),
dispersion of dust particles in sufficient quantity and concentration
can cause rapid combustion known as a deflagration. If the event is
confined by an enclosure such as a building, room, vessel, or process
equipment, the resulting pressure rise may cause an explosion.

All of the following five factors create the “Dust Explosion Pentagon”:

� Oxygen

� Heat

� Fuel

� Dispersion

� Confinement

If one element of the pentagon is missing, an explosion cannot occur. 
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Removal of any one element
prevents explosion, 

but not necessarily a fire.
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Fire and explosion from combustible dust pose immediate and
deadly risks to health and safety. In fact, dust explosions are rou-
tinely catastrophic in nature, resulting in loss of lives and severe
structural damage, and are often devastating to the community. If
your company is potentially affected by these hazards, please take
action now to prevent tragic consequences.

Secondary explosions
Secondary explosions, which are relatively common after dust explo-
sions, make the hazards that much worse. The initial explosion dis-
lodges more accumulated dust into the air or damages a containment
system such as a duct, vessel, or collector, again releasing more dust.
As a result, if ignited, the additional dust dispersed into the air may
cause one or more secondary explosions.

These can be far more destructive than the primary explosion
because of the increased quantity and concentration of dispersed
combustible dust. Many deaths and extensive damage in past acci-
dents have been caused by secondary explosions.

In many dust explosions, employers and employees were unaware
that a hazard even existed. But now you know, so take the hazards of
combustible dust seriously.

Applicable regulations
The Occupational Safety and Health Administration (OSHA)
included combustible dust in its definition of a hazardous chemical
when it revised the hazard communication standard to include the
requirements of the Globally Harmonized System of Classification
and Labeling of Chemicals (GHS). Chemicals that are classified as
combustible dusts must have safety data sheets (SDSs) and GHS-
compliant labels. Employees who are exposed to combustible dust
must also be trained in accordance with the hazard communication
standard. Combustible dusts found in grain-handling facilities are
covered by 29 CFR 1910.272.

Also, OSHA has also issued citations in these areas:

29 CFR 1910.22 (housekeeping) or, where appropriate,
29 CFR 1910.176(c) (housekeeping in storage areas). These 
citations may be issued in situations where the facility being
inspected is not a grain-handling facility, but the lab results indicate
that the dust is combustible, and the combustible dust accumulations
not contained within dust control systems or other containers, such
as storage bins, are extensive enough to pose an explosion or other
fire hazard.
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Section 5(a)(1) of the Occupational Safety and Health Act 
(OSH Act). Under this section, usually called the General Duty
Clause, OSHA may issue citations for fire or explosion hazards.

The General Duty Clause requires an employer to furnish to its
employees “employment and a place of employment which are free
from recognized hazards that are causing or are likely to cause death
or serious physical harm to employees ….”

The General Duty Clause also requires employees to comply with
occupational safety and health standards and all rules, regulations,
and orders issued pursuant to the OSH Act that are applicable to
their own actions and conduct. Note: Twenty-five states, Puerto Rico,
and the U.S. Virgin Islands have OSHA-approved state plans and
have adopted their own standards and enforcement policies. For the
most part, these states adopt standards that are identical to federal
OSHA. However, some states have adopted different standards
applicable to this industry or may have stricter enforcement policies.

Other OSHA standards that may be related to combustible dust:

� 1910 Subpart D, Walking-working surfaces 

� 1910.38, Emergency action plans

� 1910.94, Ventilation 

� 1910.146, Permit-required confined spaces 

� 1910.269, Electric power generation, transmission, and 
distribution

� 1910.272, Grain-handling facilities

� 1910 Subpart S, Electrical 

� 1910.307, Hazardous (classified) locations

� 1910 Subpart Z, Toxic and hazardous substances

� 1910.1200, Hazard communication

In 2008, OSHA reissued its 2007 Combustible Dust National Emphasis
Program (NEP) outlining policies and procedures for inspecting work-
places that create or handle combustible dusts. As defined by OSHA,
“These dusts include, but are not limited to: metal dust such as alu-
minum and magnesium; wood dust; coal and other carbon dusts; 
plastic dust and additives; biosolids; other organic dust such as sugar,
flour, paper, soap, and dried blood; and certain textile materials.” The
revised NEP, which OSHA reissued on March 11, 2008, was designed
to ramp up inspections, focusing in particular on 64 industries with
more frequent and serious dust incidents. 
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According to an October 2011 update compiled by the law 
firm Epstein Becker Green (oshalawupdate.com) on OSHA’s 
Combustible Dust NEP, since the commencement of inspections
under the 2008 program, more than 2,600 inspections have occurred.
More than 12,000 violations were found during this time frame,
including more than 8,500 that are classified as serious. Federal
penalties and fines for these violations have totaled $22,738,909, 
with nearly another $1,600,000 in state fines.  

OSHA uncovered a variety of dust collection violations in these
inspections, including dust collectors that were not equipped with
proper explosion protection devices and systems that were not
vented to safe locations.

NFPA standards
In trying to sort through the list of combustible dust standards, a
good starting point for every plant engineer or manager is the
National Fire Protection Association (NFPA) 654, the Standard for 
the Prevention of Fire and Dust Explosions from the Manufacturing,
Processing, and Handling of Combustible Particulate Solids.

Simply stated, NFPA 654 is an all-encompassing standard on how to
design a safe dust collection system. It is regarded as the guiding
dust document and the most general on the topic, and it will lead
you to other relevant documents. 

Depending on the nature and severity of the hazard, NFPA 654 will
guide you to the appropriate standard(s) for explosion venting
and/or explosion prevention, as follows:

� NFPA 68—Standard on Explosion Protection by Deflagration
Venting: This document focuses on explosion venting—i.e., on
devices and systems that vent combustion gases and pressures
resulting from a deflagration within an enclosure, for the pur-
pose of minimizing structural and mechanical damage. The
current edition, published in 2007 and updated in 2013,
contains much more stringent requirements than past editions,
essentially elevating it from a guideline to a standard.

� NFPA 69—Standard on Explosion Prevention Systems: This
standard covers explosion protection of dust collectors when
venting is not possible. It covers the following methods for 
prevention of deflagration explosions: control of oxidant 
concentration, control of combustible concentration, explosion
suppression, deflagration pressure containment, and spark-
extinguishing systems.
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The general document (NFPA 654) also directs the reader to appropri-
ate standards for specific manufacturing industries.  The industry-
specific standards most commonly employed are: 

� NFPA 61—Standard for the Prevention of Fires and Dust 
Explosions in Agricultural and Food Processing Facilities

� NFPA 484—Standard for Combustible Metals

� NFPA 664—Standard for the Prevention of Fire and Explosions
in Wood Processing and Woodworking Facilities

Using Performance-Based Codes: In 1995, the NFPA created a Performance-
Based Support Team to assist NFPA Technical Committees with the
transition to performance-based documents. Since that time, the
NFPA has been incorporating performance-based options into its
updated standards. Using the newer performance-based codes, solu-
tions no longer have to follow NFPA standards to the letter if the
variance is backed by full-scale, real-world destructive test data.

Performance-based provisions state specific life safety objectives and
define approved methods to demonstrate that your design meets
these objectives. They give equipment manufacturers and plant engi-
neers greater flexibility by allowing methods to quantify equivalen-
cies to existing prescriptive-based codes or standards, as long as the
proposed solution demonstrates compliance.

Best practice: Good housekeeping 

A primary method for prevention of dust explosions is reducing or
eliminating the accumulation of dust with good housekeeping. Good
housekeeping in this context is essential for explosion prevention.

Dust removal can be accomplished by good ventilation, extraction
and removal systems, dust collection systems, and manual house-
keeping where automated collection systems cannot reach. In dusty
environments, vacuums and other electrical equipment will need to
be spark- and explosion-proof. Compressed air blowers should never
be used for the removal of dust.

Minor but steady leaks in any production system must be addressed,
as these can cause large amounts of dust to accumulate over a period
of time, especially if the process runs at a slightly elevated pressure.
Small amounts of dust can create large clouds. (Dust will always be
present in some processes.)
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The best way to avoid dust accumulation is to be constantly aware of
the surroundings. Respect for the hazard and a good housekeeping
program are essential in eliminating the explosion hazard.

Employers must adopt a comprehensive approach to preventing and
controlling combustible dust hazards. Some general rules include the
following:

� Never use compressed air, dry sweeping, or other cleaning
methods that can disperse combustible dust into the air (when
feasible).

� Pay attention to workforce training and education courses
regarding recognition and control of combustible dust hazards,
and follow the instructions given at the training sessions. 

� Limit and control potential ignition sources in dust accumula-
tion areas.

� Maintain an effective housekeeping program to prevent or
eliminate dust buildup on ledges, ductwork, building framing,
or other surfaces. (Even small accumulations of dust (as little 
as 1/32 of an inch) can create a dust explosion hazard if spread
over sufficient surface area.)

� Establish and maintain a preventive maintenance program to
preserve the integrity of process equipment and minimize the
release of fugitive dust particles.

� Ensure electrical service in combustible dust areas is appropri-
ate for hazardous (Class II) locations, as required by the
National Electrical Code.

� Follow NFPA Standard 654, Standard for the Prevention of Fire
and Dust Explosions from Manufacturing, Processing, and
Handling of Combustible Particulate Solids, and other NFPA
dust explosion prevention standards for specific industries, as
applicable.

� Ensure operations involving dusts have proper engineering
design and controls. 

When it comes to the dust collector, a simple but important house-
keeping requirement is to change filters when airflow through the
system reaches a differential pressure limit as prescribed by the man-
ufacturer or when the pressure drop across the collector is negatively
affecting the ability of the dust collection system to capture the dust,
thus allowing it to escape into the facility. Some long-life cartridge 
filters available today can operate for 2 years or even longer between
change-outs; but for heavy dust-loading applications, filter replace-
ment might be considerably more frequent. 
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A frequent housekeeping misstep is storing dust in the dust collec-
tor’s hopper. The hopper should be equipped with a device that 
discharges the dust into a separate drum or storage container after it
is pulsed off the filters during the cleaning process.  Equally impor-
tant, this storage container must be emptied regularly, or dust can
back up into the hopper.  Dust sitting in a hopper creates a potential
fire or explosion risk and may also affect performance of the dust 
collection system.  

What you and your company can do 
to recognize hazards 
A thorough hazard assessment is essential in identifying and elimi-
nating factors contributing to an explosion. A hazard assessment may
be a formal event, but it is just as important for every employee to be
doing an informal hazard assessment every day.

Always be on the lookout for accumulations of dust. And that
doesn’t mean just out in the open. Check above, below, behind, and
inside storage containers, ductwork, dropped ceilings, etc.

Check ignition sources. Only a couple of dust types spontaneously
ignite in air; the majority of them need another source of ignition.
Possible ignition sources include:

� Open flames (welding, cutting, matches, etc.)

� Hot surfaces (dryers, bearings, heaters, etc.) 

� Heat from mechanical impacts

� Electrical discharges (switch and outlet activation) 

� Electrostatic discharges 

� Smoldering or burning dust 

� Cigars, pipes, and cigarettes

Look for combustible dust hazards in your facility, and try to elimi-
nate them. Ask yourself questions such as the following as you go
through your workday:

� Is vacuuming used whenever possible rather than blowing or
sweeping combustible dust? 

� Do you have electrical installations in hazardous dust or vapor
areas? If so, do they meet the National Electrical Code (NEC)
Chapter 5 for hazardous locations?

� Are accumulations of combustible dust routinely removed from
elevated surfaces, including the overhead structure of buildings,
dropped ceilings, shelves, etc.? 
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� Is metallic or conductive dust prevented from entering or accu-
mulating on or around electrical enclosures or equipment? 

� Where may dust accumulate that we have not considered? 

� Wood dusts can decay and create their own heat as a possible
source of ignition. Has this possibility been addressed? 

Combustible dust is an innocent-looking disaster waiting to happen.
Every employee should be aware of this potential hazard and should
take every precaution to be sure that your workplace stays safe from
sudden explosions and the other hazards of combustible dust.

Regarding explosion protection, the first step in a hazard analysis is
determining whether your dust is explosive.  Many commercial test
laboratories offer a low-cost test to establish whether a dust sample is
combustible.  If the test is positive, then the explosive index (Kst) and
the maximum pressure rise (Pmax) of the dust should be determined
by ASTM E 1226-10, Standard Test Method for Explosibility of Dust
Clouds.

Your dust collection equipment supplier will need the Kst and Pmax
values in order to correctly size explosion venting or suppression
systems.  Failure to provide this information will increase your costs,
since the supplier will have to use worst-case estimates of the Kst
and Pmax values or may even refuse to provide the equipment. The
liability to the manufacturer and to the equipment purchaser is too
high to ignore the life safety objectives.   

The fact is, any dust above 0 Kst is now considered to be explosive, and the
majority of dusts fall into this category. If OSHA determines that even a
very low Kst dust is present in a facility with no explosion protection
in place, a citation will result.  This is one of the biggest changes to
occur with the reintroduction of the OSHA NEP in 2008.
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And More!

Shot Peening

Powder Coating

Abrasive Blasting

Food Processing DustPharmaceutical Dust

Paper Dust

Thermal Spraying

Laser & Plasma Cutting

Welding

The Camfil APC Farr Gold Series® is the most rugged, reliable, 
easy to maintain dust collector on the market—GUARANTEED!

Dust From Thermal Spraying

Gold Series Bag-In / Bag-Out

Weld Smoke Collector Laser Cutting SmokeAbrasive Blast Dust Collectors

Dust From Chop Saw Plasma Cutting Smoke Collector

Paper Scrap Handling Systems

Large Agriculture Installations

Foundry Installation

888-993-1067

Toll Free: 

Follow. Connect. Watch. Learn.

Looks Like a Safe Because It’s

TM

AIR POLLUTION CONTROL

The Farr Gold Series® modular design allows for virtually unlimited 
customization and our exclusive stocking program assures that your 
Farr Gold Series is delivered when you need it.

Call us about NFPA Explosive Dust Compliance Issues.

Virtual ride and fly 
through a Farr Gold Series

www.camfilapc.com
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