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HAZARD CRITERIA FOR SPRAY APPLICATION AREAS 

BACKGROUND 

Hughes Associates, Inc. prepared a Fire Hazard Analysis dated October 19, 2007 in support of an 

industry initiative to have OSHA recognize that compliance with NFPA 33 -2003/2007 for 

composite resin manufacturing spray application areas should be deemed compliance with 29 

CFR 1910.107. Resin spray vapor concentration tests were subsequently performed (report dated 

July 30, 2008) and the data provided to OSHA. An addendum to this report has also been 

submitted. 

The current OSHA requirements for spray application areas (29 CFR 1910.107) state that all 

spraying areas shall be provided with mechanical ventilation adequate to remove flammable 

vapors so that life is not endangered. Consistent with 29 CFR 1910.94 (Ventilation), this 

requirement has been consistently interpreted to mean that the spray area be maintained at or 

below 25% of the lower flammable limit (LFL). The resin testing has shown that the LFL of 

resin sprays is maintained below 25% of the LFL. One group within OSHA noted that OSHA’s 

Permit-Required Confined Spaces Standard 29 CFR 1910.146, defines a hazardous atmosphere 

as one in which the atmosphere in the permit-required confined space is 10% or more of the 

LFL.  Since 1910.146 was adopted after 1910.107, the question was raised as to whether a more 

appropriate control criterion for resin spray applications is 10 % of the LFL.  

For the reasons detailed below, the 25% criterion for the LFL established in the FHA is 

appropriate and should be retained.  In summary, those reasons are as follows: 

1. The current OSHA criterion for limiting hazardous conditions in spray application 

areas is 25% of the LFL per 29 CFR 1910.94(c) and there is no evidence to suggest 

that is not adequately protective; 

2.  The current NFPA criterion for limiting hazardous conditions in spray application 

areas is 25% of the LFL; 

3. The LFL criterion in OSHA and NFPA is based on applying a safety factor 

commensurate with the hazard represented by resin spray application areas. Historical 

data indicates that this is appropriate and adequate for situations which are inherently 

more hazardous.  The 25% criterion is conservative when applied to the resin spray 

application area; and,  

4. The 10% criterion has only been applied to permit-required confined spaces (PRCSs), 

per 29 CFR 1910.146, and that application is for a different purpose and is readily 

distinguished from the application of the 25% LFL criterion.   While the term 

“hazardous atmosphere” may be used in connection with both the 25% LFL and 10% 

LFL criteria, they serve completely different purposes.  If one exceeds 25% of the 

LFL under Section 1910.94, one has violated the standard.   Under Section, 1910.146, 

the fact that 10% of the LEL is or could be exceeded in a confined space does not 

violate the PRCS standard and does not prohibit an entry into the space; it merely 

causes the space to be classified as a PRCS and triggers the application of the 
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standard to the entry.  In other words, the 10% LFL trigger under 1910.146 simply 

triggers a comprehensive permit to work system; it does not prohibit the entry.  The 

requirement for a special permit to work system is sound for PRCS, but has no 

applicability to non-PRCS activities.  The special requirements for PRCS are a 

response to the inherent characteristics of PRCSs (limited egress, more limited 

ventilation, and more limited communication).  In that environment, the presence of 

an airborne flammable material present a greater hazard that is not representative of 

resin spray application areas.  Furthermore, the presence of an airborne flammable 

material is both expected and inherent to resin spray application areas.   

CURRENT OSHA CRITERIA 

29 CFR 1910.107(d) (and NFPA 33-1969) state: 

All spraying areas shall be provided with mechanical ventilation adequate to 

remove flammable vapors, mists, or powders to a safe location and to confine and 

control combustible residues so that life is not endangered. Mechanical ventilation 

must be kept in operation at all times while spraying operations are being 

conducted and for a sufficient time thereafter to allow vapors from drying coated 

articles and drying finishing material residue to be exhausted.   

Unlike the current edition of NFPA 33, Section 1910.107 and NFPA 33-1969 do not provide 

explicit performance criteria for limiting flammable vapors in spray areas.  It is explicitly 

addressed by 29 CFR 1910.94(c) (Ventilation—Spray Finishing Operations), which covers 

ventilation criteria and is enforceable for any spray application area subject to OSHA 

requirements. Subparagraph 1910.94(c)(6)(ii) states that “the total air volume exhausted through 

a spray booth shall be such as to dilute solvent vapor to at least [no more than] 25 percent of the 

LFL of the solvent being sprayed.”  

This 25% criterion requirement applies to all situations where spray applications involve 

flammable vapors.  In several letters of interpretation and guidance to their area directors, OSHA 

confirmed that the 25 percent of the LFL criterion is the acceptable threshold for determining the 

presence and extent of a potentially hazardous atmosphere.
1,2

 

The resin spray applications covered by the submitted test reports did not evolve vapors above 

25% of the LFL, and those results demonstrate that these materials do not evolve vapors above 

25% of the LFL.  Some paints and coatings evolve flammable vapors at or below room 

temperature, and are immediately hazardous (ignitable) when used in an open process.  They rely 

on mechanical ventilation to remove the hazard.  Since the resins do not evolve vapors above 

25% of the LFL, they are inherently less hazardous than typical coatings applied in 

industrial/manufacturing spray areas.    OSHA has not indentified a problem, and there is no 

problem posed by the use of the 25% criterion for the spray application of paints and other 

coatings that generate flammable vapors at or below room temperature.  Therefore, there is no 

reason to apply the more demanding 10% criterion to the reduced hazards posed by resin spray 

applications.     

                                                 
1
 September 10, 2002 letter to Mr. Darwin, M. Irish, FLEXcon Company, Inc. 

2
 November 4, 1976 letter to Area Directors on the subject of “Clarification Paint Spray Booth and Spray Areas” 
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SAFETY FACTOR FOR REDUCING HAZARDOUS EXPOSURE TO PERSONNEL 

Maintaining, or lowering, a flammable vapor/air mixture below the LFL is a standard method of 

preventing ignition of a flammable mixture.  By definition mixtures below the LFL are too lean 

to burn.  Diluting a mixture below the LFL provides a safety factor.  Most engineering 

disciplines use safety factors.  The establishment of a “safe” level below the LFL involves the 

use of engineering judgment and the application of an appropriate factor of safety. Traditionally, 

a safety factor of 4 has been used in many engineering disciplines for the flammable vapor 

scenario, which in this case would suggest diluting a mixture to 25 percent of the LFL. 

One reason for employing a safety factor is the recognition that pockets of gas may break off 

from the main body of gas and drift farther from the source while still being above the LFL.  The 

Center for Chemical Process Safety (CCPS) in their guideline book, Understanding Atmospheric 

Dispersion of Accidental Releases, states in section 9.2, “Flammable chemicals in air will ignite 

and burn only within mixture limits defined by the Lower Flammability Limit (LFL) and the 

Upper Flammability Limit (UFL).  Since flammability is governed by instantaneous 

concentration levels, evaluation criteria for flammability in accidental releases are often set at a 

fraction of the LFL, such as LFL/2 or LFL/4.” 

Many nationally and internationally recognized codes, standards, regulations, and industry 

practices apply a factor of safety for limitation of hazardous vapors in the workplace.  The 

following is a representative (but certainly not all-inclusive) list of standards that establish a safe 

and appropriate LFL for workplace conditions: 

1. In NFPA 30 2008 edition, Flammable and Combustible Liquids Code, §17.11.1 

requires that, “Enclosed processing areas handling or using Class I liquids, or Class 

II or Class III liquids heated to temperatures at or above their flash points, shall be 

ventilated at a rate sufficient to maintain the concentration of vapors within the area 

at or below 25 percent of the LFL.”  This requirement is repeated in section 24.10 

(ventilation for storage tank buildings).   

2. In their standard for classifying hazardous locations for electrical installations (NFPA 

497, 2008 edition), the NFPA defines adequate ventilation as “A ventilation rate that 

affords either 6 air changes per hour, or 1 cfm per square foot of floor area, or other 

similar criteria that prevent the accumulation of significant quantities of vapor-air 

concentrations from exceeding 25 percent of the lower flammable limit.” 

3. In NFPA 69, Standard on Explosion Prevention Systems, 2008 edition, the NFPA 

specifies that to prevent an explosion, the combustible concentration shall be 

maintained below 25 percent of the LFL (§8.3.1).  However, they do allow the 

combustible concentration to be maintained below 60 percent of the LFL when 

automatic instrumentation with safety interlocks is provided.  Likewise, NFPA 30, 

2008 edition Appendix F.1, in discussing adequate ventilation for the control of 

fugitive emissions, states that, “sufficient dilution air should be added to the space in 

question to ensure that the concentration of flammable vapor/gas is maintained below 
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25 percent of the lower flammable limit (LFL) for all but periods of process upset, 

abnormal operation, or equipment rupture, or breakdown.” 

4. The 1967 edition of the Factory Mutual Handbook of Industrial Loss Prevention, 

Chapter 52 (Spray Application of Flammable Materials) states, “Where flammable 

liquids are exposed during transfer between containers or where sprayed work is air-

dried within the spray room, provide sufficient additional mechanical ventilation from 

the floor level to insure that flammable-vapor concentrations never exceed 25 per cent 

of the lower explosive limit in any part of the room.” 

5. Chapter 51 (Dip Tanks) of the FM Handbook states, “Provide sufficient ventilation to 

confine all flammable vapor concentrations exceeding 25 per cent of the lower 

explosive limit to within 2 ft of the dip tank, drain board, and freshly coated work.” 

6. The International Building Code (IBC, 2006 edition) has numerous requirements for 

monitoring and/or diluting flammable gas concentrations.  The IBC varies in their 

requirements for various operations and occupancies but generally uses a safety factor 

of 4.   

a. In section 406, Motor Vehicle Related Occupancies, §406.6.6.1 (system design of 

gas detection in repair garages) the IBC states, “The flammable gas-detection 

system shall be calibrated to the types of fuels or gases used by vehicles to be 

repaired. The gas detection system shall be designed to activate when the level of 

flammable gas exceeds 25 percent of the lower explosive limit.”   

b. Under section 415, Hazardous (Groups H-1, H-2, H-3, H-4 and H-5) 

Occupancies, the IBC provides the following definition in §415.2, “Flammable 

Vapors or Fumes.  The concentration of flammable constituents in air that 

exceeds 25 percent of their lower flammable limit (LFL).”   

c. In section 420, Hydrogen Cutoff Rooms, §420.6.1 “The gas detection system 

shall be designed to activate when the level of flammable gas exceeds 25 percent 

of the lower flammability limit (LFL) for the gas or mixtures present at their 

anticipated temperature and pressure.”   

d. The IBC uses a safety factor of 5 to 1 in section 415.8.7.2 (applicable to Group  

H-5, semiconductor fabrication facilities), gas detection system operation, “For 

flammable gases, the monitoring detection threshold level shall be vapor 

concentrations in excess of 20 percent of the lower explosive limit (LEL).” 

e. Section 3403 (§3403.1.1), classification of locations handling flammable liquids 

for electrical installation purposes, specifies that, “The extent of the classified 

area is allowed to be reduced, or eliminated, where sufficient technical 

justification is provided to the fire code official that a concentration in the area in 

excess of 25 percent of the lower flammable limit (LFL) cannot be generated.” 

There is also a distinction between monitoring for a flammable atmosphere in a PRCS where 

there should not be any flammables present during entry, and monitoring for a flammable 
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atmosphere in an area where flammable materials are intentionally introduced by a spray 

application.    In a guidance document on the selection and use of flammable gas detectors, the 

Health & Safety Executive of the UK differentiates between monitoring for leaks (e.g., closed 

systems) and where a flammable atmosphere is expected.  In the former they recommend 2 levels 

of alarms.  The first, at 10% of the LFL, is for alerting purposes only.  The second, at no more 

than 25% of the LFL, is for any actions (e.g., shutdown) to be taken.  For circumstances where a 

flammable atmosphere is normally present, they suggest a higher alarm setting, up to 50% of the 

LFL. 

It is clear that when monitoring or diluting the atmosphere for personnel protection against the 

creation or presence of flammable gas and air mixtures, monitoring and/or diluting to 25 percent 

of the LFL is a standard and widely accepted safe practice. 

PERMIT REQUIRED CONFINED SPACE CRITERIA 

OSHA promulgated rules for permit required confined spaces in 29 CFR 1910.146.  OSHA uses 

the term "permit-required confined space" (permit space) to describe those spaces which both 

meet the definition of "confined space" and pose health or safety hazards that merit the use of 

special (permit to work) entry procedures. The formal definitions are as follows: 

1. “Confined space” means a space that:  

a. Is large enough and so configured that an employee can bodily enter and perform 

assigned work; and  

b. Has limited or restricted means for entry or exit (for example, tanks, vessels, silos, 

storage bins, hoppers, vaults, and pits are spaces that may have limited means of 

entry.); and 

c. Is not designed for continuous employee occupancy. 

2. Permit-required confined space (“permit space”) means a confined space that has one or 

more of the following characteristics:  

a. Contains or has a potential to contain a hazardous atmosphere;  

b. Contains a material that has the potential for engulfing an entrant;  

c. Has an internal configuration such that an entrant could be trapped or asphyxiated 

by inwardly converging walls or by a floor which slopes downward and tapers to 

a smaller cross-section; or  

d. Contains any other recognized serious safety or health hazard. 

3. “Hazardous atmosphere” means an atmosphere that may expose employees to the risk of 

death, incapacitation, impairment of ability to self-rescue (that is, escape unaided from a 

permit space), injury, or acute illness from one or more of the following causes:  

a. Flammable gas, vapor, or mist in excess of 10 percent of its lower flammable 

limit (LFL);  
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b. Airborne combustible dust at a concentration that meets or exceeds its LFL. 

There is a critical difference in the significance of (1) exceeding 10% of the LFL under 1910.146 

and (2) exceeding 25% of the LFL under 1910.94.  If one exceeds 25% of the LFL under 

1910.94, one has violated the standard.   Under 1910.146, the fact that 10% of the LEL is or 

could be exceeded in a confined space does not violate the PRCS standard and does not prohibit 

an entry into the space; it merely triggers the application of the standard (which imposes a 

comprehensive permit to work system) to the entry. This has been acknowledged by OSHA in its 

September 4, 1996 letter to Mr. Macon Jones, Blast Cleaning Products LTD, which states:  

 

Question 1. If an enclosed space is a “permit required confined space”  

(PRCS) and all of the proper procedures are implemented, can entry be made and 

work performed (or continued) if the measured lower flammable limit (LFL) is 

greater than 10%? 

 

Answer. Yes. The permit-required confined spaces standard (29CFR 1910.146) 

does not prohibit working in a permit-required space where the atmosphere is 

above 10% of the LFL.  Once the atmosphere is above 10% of the LFL, all of the 

requirements of the standard must be met. 

 

In this situation, for example, ventilation might be provided to mitigate the hazard. 

For two additional reasons, the permit to work procedures triggered by these special criteria 

apply only to permit required confined spaces. First, the 10% LFL limit (10:1 safety factor) is 

applied instead of the 25% LFL limit used in non-PRCS situations in recognition of the 

additional hazard posed by a confined space where ventilation, egress and communication are 

more limited.  The added level of safety applied to confined spaces is unnecessary for resin spray 

areas. Resin spray areas do not have the escape challenges, the vapor entrapment characteristics 

of confined spaces, or similar constraints on communication and ventilation. In fact, it is quite 

the opposite: resin spray areas, by their nature, are generally wide open areas.  Second, there is 

also a distinction between monitoring for a flammable atmosphere when entering a normally 

unoccupied permit required confined space where flammables should not be present during the 

entry, and monitoring for a flammable atmosphere in a spray area where flammables are 

intentionally being sprayed into the air.    It should be noted that, in the proposal before OSHA to 

adopt NFPA 33 2003/2007, resin spray areas must comply with general ventilation criteria to 

limit the buildup of flammable gases.  

SUMMARY 

Under 1910.94, the atmosphere in the spray area may not exceed 25% of the LFL.  OSHA 

currently uses that criterion to determine the presence and extent of a potentially hazardous 

atmosphere for areas involving spray applications.  This is supported by numerous references 

where this factor of safety is applied for situations as hazardous as or more hazardous than resin 

spray application areas.  Resin spray application has been demonstrated to be inherently less 

hazardous than other spray application processes.   
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Section 1910.146 does not specify any limit on the airborne concentration of a flammable 

material in a PRCS.  Rather, it provides that the permit to work regime of the standard is 

triggered if conditions exceed 10% of the LFL.  Assuming an employer followed the required 

entry procedures per 1910.146, there is nothing in 1910.146 that would preclude an entry where 

conditions exceed 10% of the LFL.  The application of the 10% of the LFL criterion to PRCS 

involves unique situations where egress to and from the space is limited, ventilation is more 

limited and communication is more limited. An extra level of safety (in the form of a 

comprehensive PRCS entry program) is appropriate at the 10% LFL level. For non-PRCS 

occupancies, the requirements of NFPA 33 and OSHA 1910.94 are adequate, and there is no 

need for a comprehensive PRCS-type program at 10% of the LFL.   
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