Are Your Workers Protected to Deaf?
An effective hearing conservation program includes the proper selection of hearing protectors.

As is demonstrated in the following two real world examples, merely providing hearing protectors does not guarantee effective noise exposure control.

Joe works at a noisy plant as a machine operator.  He knows that the noise is deafening,  that's why he wears his hearing protection faithfully.  Yet Joe is being exposed to noise levels above the U.S. Occupational Safety and Health Administration (OSHA) permissible exposure limit (PEL) on a daily basis.  

Kim works in a mill as a line finisher.  She puts on her hearing protectors on most shifts (when she can find a new pair or saves her last pair of disposable plugs).  Still Kim is exposed to noise levels above OSHA's action level and above the Threshold Limit Value (TLV) of the American Conference of Governmental Industrial Hygienists (ACGIH).  
“What’s Happening?” 

How are Joe and Kim (not their real names) being exposed to long-term deafening noise levels in spite of their wearing hearing protectors?  Inappropriate selection of hearing protectors.  

Joe’s problem is that the noise level (111 decibels) is way above the OSHA PEL of 90 decibels (dBA) on an 8-hour basis.  Joe’s hearing protectors actually only lessen this by 16 dBA meaning that Joe is exposed to at least 95 dBA over an 8-hour day.  This is actually twice the daily maximum exposure – OSHA’s time limit for 95 dBA being only 4 hours. A hearing protector with a higher noise reduction rating (NRR) and thus a higher field attenuation (a truer reflection of actual noise level abatement) should be used by Joe. (For a more detailed explanation, read on in the section titled “Numbers, Numbers, Numbers”).  

Kim’s problem is also due to choosing the wrong hearing protectors.  But it seems to be manifesting itself in how the plugs are being distributed to the workers.  The mill is using disposable plugs, yet Kim (and presumably others) can’t always find a new pair.  They are forced (or choose) to save their plugs and reuse them daily.  Instead of a single dispenser of plugs (that often runs out, thus creating hoarding of disposable foam plugs by workers, more running out, more hoarding,…well, you get the picture), perhaps corded or reusable flanged plugs, or neck-banded caps, or muffs for each worker would be a better option.  At the very least, additional dispensers conveniently located would be nice.  Of course this was how it used to be, but all of the plugs would “disappear” (i.e., be used – duh!).  So, it was decided to cut back to a single dispenser located closer to the offices for better tracking of worker usage (and thus farther away from the workers production areas).  A slightly more expensive type of hearing protector that lasted longer would be not only more effective, but also less costly in the long run, and result in a happier, more efficient, more productive, and better protected work force.  

What's Wrong with Most Hearing Conservation Programs 

Most hearing conservation programs (HCPs) begin and end with hearing protectors.  “Hello?  McFly?”  Remember that personal protective equipment (PPE) is supposed to be the last control to be implemented (after engineering and administrative controls).  Right?  Okay, granted many employers have attempted some level of  engineering controls, but usually they've only scratched the surface of possibilities; preventative maintenance, sound deadening panels, process enclosures, operator control booths, and alternative materials and connectors to name just a few.  As far as administrative controls go, employers don't go far enough.  Typically, some obviously (and obnoxiously) noisy areas are mandated as hearing protection required - and that's usually it.  None or little training is provided, no written program is developed, and maybe some audiograms are performed.  But this is supposed to be about hearing protectors, so let's move on.  


A well thought out and detailed job hazard assessment (JHA) is necessary for effective hearing protection.  There are several questions that should be answered prior to "doling out ear plugs" (or what type is actually most appropriate) as part of a JHA (which is required by OSHA in their Personal Protective Equipment Standards by the way).  The Top Ten should include: 

1. Exactly how loud are the noise sources?  (Determine NRRs).  

2. Do the workers remain at work stations or do they “roam”, being exposed to varied noise sources?  (For TWAs and protectors dedicated to work stations).  

3. What are the workers’ time-weighted averages (TWAs) for noise?  (NRRs again).    

4. Are workers hands and fingers likely to be clean or dirty?  (Critical for rolling up foam plugs and inserting certain other ones).  

5. Are there convenient hand-washing facilities and are the workers likely to be compliant?  

6. How faithful (and trainable) are the workers likely to be about proper (hearing protector) insertion techniques?  (Foan plugs again).  

7. How much money can you afford to spend annually (or have budgeted) for hearing protectors?  

8. How will worker compliance/usage be evaluated?  (It’s far easier to tell if workers are properly wearing muffs than caps than plugs).  

9. Have any workers already experienced documented hearing loss and do any workers wear hearing aids?  (Both of these will obviously affect your choice of hearing protectors).  

10. Last, but not least, which hearing protectors do the workers actually prefer?  (This is the single most important factor and clearest link in effective employee usage of hearing protectors).  

Deaf, Dumb, or Blind? 

Losing some of your hearing is not the same as having less than 20/20 vision.  When you lose some hearing, typically you are “dumb” (or blind) to it.  Hearing loss is insidious.  (A great word, according to the Random House Dictionary, it means “operating or proceeding inconspicuously but with grave effect” – think about it).   The initial stages of hearing loss usually go unnoticed.  You are gradually going deaf and by the time you realize it, you have lost a significant amount of your hearing ability.  While great advances have been made in hearing aid technology, hearing aid improvements have mostly been focused on miniaturization.  Hearing aids do not "correct" your hearing the way that glasses do, nor are they as widely used and accepted (though they should be).  [On a sidebar note, President Clinton’s wearing a hearing aid has done much for hearing aid sales, but let’s not get into a debate on how good or poor an example the President is].  

Both audiometric testing and education on the test results are vital to an effective HCP.  Assessment of the workers’ hearing and their understanding of it should be of obvious importance to anyone.  Additionally, training on the effects of noise on hearing is critical.  If workers aren’t aware and don’t have a complete understanding of noise induced hearing loss (NIHL) , then they are much less likely to be compliant about the (proper) wearing of hearing protectors.  Besides, it is an OSHA-requirement.  

“Tell me something I didn’t know.” 

There are many good trainer’s tricks, analogies, etc. regarding noise exposure.  There’s the 2-foot rule, whereby if you’re 2 feet from someone and have to shout to be heard, then it’s too loud and hearing protectors are needed.  Hearing protectors tend to cut out machine noise more than conversation, so you’re more likely to hear and be heard.  Temporary threshold shift (TTS) or short-term hearing loss due to stressing of the inner-ear “nerve hairs” is analogous to having a picnic in a field where afterwards the grass is all matted down, but springs back the next day after a night of rest.  Whereas permanent threshold shift (PTS) or long-term hearing loss is analogous to walking across the field day after day until the grass is dead, no longer able to “spring back”.  

Explaining to workers that if they have to turn up the volume on their car radio at the end of the workday in order to hear at the same level as before work, then they have suffered a TTS.  Conversely, if the next morning when starting their car (with the radio volume left as it had been on the ride home the night before) the radio is too loud, then they have recovered from the temporary hearing loss.  If this goes on every day, then sooner (rather than later) their inner-ear “nerve hairs” will be as dead as the grass on that foot path in the field.  Explaining the anatomy and physiology (A&P) of the human ear and the ability of an Occupational Hearing Conservationist (OHC) to tell NIHL from the V-like notch that manifests itself at 4000 to 6000 hertz (Hz) helps workers to value the importance of audiograms and hearing protectors.  

So many types, so many choices

A national health and safety supplier has approximately 55 different types of plugs, 15 types of caps (on bands), and 40 types of muffs, for a total of 110 types of hearing protectors for sale!  Overwhelming to say the least.  All you have to do is call up and order what you want.  But how do you know which type is best for you or your operation?  Aye, there's the rub (or plug as it were).  

Plugs vs. muffs vs. caps (semi-inserts).  Plugs offer “just a few” choices.  Foam roll-up types - open cell or closed cell; tapered or cylindrical or octagonal; or instead of foam plugs, how about capped ends or flanged types (what I call The Jetsons type)?  Do you want them loose or on a cord?  Also, being offered by certain manufacturers are different sizes (Can you just imagine; "Hey Joe, how big are your ear canals?  Come here and let me measure them.")


Caps come in a bunch of styles, too.  Some come on little handles (for easy insertion/removal) while most come on bands conveniently worn around the neck while not in use.  With the banded ones, there are the green flanged ones, the orange foam ones, the yellow conical ones, the blue "bullets", the ones on a cord, or any of the new colorful ones designed not to get dirty when laid on a flat surface.  


Muffs might seem to offer fewer choices of types, but there are actually even more manufacturers of different noise muffs.  Style choices are limited to a stand alone type, those that attach to a hard hat, those that come with built in glasses, those with built in radios, and electronic noise cancellation types.  Is that enough choices for you?  Also, what size muffs do you need (“Hey Joe, how big are your ears?”), and of course, what color or design do you prefer?  

Time Out! – OSHA vs. the ACGIH
No, not the noise-protection olympics, just a discussion on the fundamental differences between the two groups' limits.  As mentioned at the beginning of this article, OSHA’s PEL is 90 dBA as an 8-hour TWA.  The amount of time for the exposure is as important as the actual noise level.  As you can see from the following table, noise exposure limits vary greatly by the total time for the exposure, and it is not a linear relationship.  Rather, noise (and therefore sound pressure levels (SPLs)) is a convenient expression of an exponential or logarithmic relation.  But let’s not turn this into an Algebra 101 course.  Here’s all you need to know.  

Maximum Exposure Time
OSHA Limit


ACGIH Limit


8 hours

90 dBA


85 dBA


4 hours

95 dBA


88 dBA

 
2 hours

100 dBA


91 dBA


1 hour

105 dBA


94 dBA


30 minutes
110 dBA


97 dBA


15 minutes
115 dBA


100 dBA

There are several important points to make about the above table of noise exposure limits.  As you can see, OSHA’s noise limit goes up by 5 dBA as you cut the exposure time in half.  This reflects OSHA’s use of a 5 dB “exchange rate”.  This is sometimes referred to as a “doubling rate” or “halving rule”.  The ACGIH (being more conservative than OSHA, basing their recommendations on health and science, and not affected by political compromises) uses an exchange rate of 3 dB.  As this exchange rate is lower than OSHA’s, each has their own different limits for equal exposure times.  Since they each start at different points (90 dBA for OSHA vs. 85 dBA for the ACGIH) and each keeps adding different exchange rates (5 dB vs. 3 dB), the two columns diverge more and more, the louder the noise or the less the time limit gets.  As indicated at the bottom of the table, for 15 minutes of exposure time, OSHA limits noise exposure to 115 dBA, whereas the ACGIH limits it to 100 dBA.  This amount (100 dBA) is equal to OSHA’s 2-hour limit!  15 dB is a huge difference between mere compliance and a proactive HCP.  What’s my point in all this - just simply the following. For an effective HCP, it’s vital to fully understand the implications of different exposure times and noise levels.  Also, while compliance with the requirements of OSHA’s noise standard, better guidelines are available from the ACGIH.  Whichever set of limits you choose for protecting your workers – use the numbers correctly when choosing hearing protectors.  

Numbers, Numbers, Numbers

Speaking of numbers, one additional selection option involves the noise reduction rating (NRR) assigned to each and every different type of hearing protector.  The NRR is a number that is derived from laboratory testing of hearing protectors.  This usually involves both mannequins designed for the purpose, as well as trained subjects who repeatedly and properly insert their hearing protectors exactly how they are supposed to be inserted.  These are obviously ideal conditions that are not reproducible in the field under normal conditions.  Because of this, the “field attenuation (FA)” is used instead to determine the actual amount of noise exposure abated by the hearing protectors.  NRRs are good for comparative purposes between different types of hearing protectors.  

So, just how do you figure out the FA from the NRR?  Funny you should ask.  It’s easy.  In compliance with OSHA’s noise standard, all you do is subtract 7 dB from the NRR.  So, if the NRR is 23 dB, then the FA is actually only 16 dB.  (FA = NRR – 7 dB).  In other words, the worker’s actual protection would be 16 dB even though the laboratory-derived rating was 23 dB.  Remember Joe, this is what happened in his case.  

Industrial hygiene (IH) practices prefer a more conservative calculation than OSHA’s method for deriving an FA.  After subtracting 7 dB from the NRR, you then divide the result in half (a fifty percent safety factor).  So, going back to the above example, if the NRR is 23 dB, you subtract 7 dB and get 16 dB, right?  But we’re not yet done.  You then divide 16 dB in half to get an FA of only 8 dB.  {FA = (NRR – 7 dB)/2}.   So, the worker’s actual protection as determined by good IH practices is only 8 dB instead of the 23 dB NRR.  Thus if the noise level were 108 dB, OSHA would calculate the FA at 16 dB as described above for an exposure of 92 dB (108 dB – 16 dB = 92 dB); citable under the noise standard.  Furthermore an industrial hygienist would recommend going with an FA of only 8 dB resulting in an exposure of 100 dB – the limit for only 2 hours of exposure per OSHA and the limit for as little as 15 minutes according to the recommendations of the ACGIH!  A big difference from using the original NRR of 23 dB without adjusting for field use corrections.  


If you’re curious about trying to get double the protection by doubling up on hearing protectors (by using both plugs and muffs over them), forget it!  You actually only get another 5 dB of attenuation from another set of hearing protectors.  (FAtotal = FA1st + 5 dB).  Of course 5 dB is no little amount to be taken lightly.  It can easily mean the difference between compliance and, well, you know what the alternative is.  Just understand that it is only 5 dB of additional attenuation and not whatever the full FA would be for that second set of hearing protectors alone.  Why is that, you ask?  Good question.  It has to do with the fact that noise levels are not arithmetic, but rather logarithmic as was mentioned earlier.  That will have to suffice for an explanation.  Much beyond that would require that Algebra 101 course mentioned before and we just don’t want to go there, do we?  

Decisions, Decisions 

You make hundreds of decisions each day, so let’s simplify this one as much as possible.  Start by asking yourself the Top Ten Questions in a JHA as previously discussed.  Next examine the pros and cons of various types of hearing protectors listed below.  If you’re still unsure of which type would work best, try out the flow chart on the accompanying page.  Some people like flow charts and others don’t – if it works, great; if not, try using the process of elimination based on the above.  Either way, you’ll get there.  

Hearing Protector Types
Pros


vs.
Cons
Foam plugs (roll up types)
Inexpensive


Single use





Readily available

Requires clean fingers





Variety of styles

Proper insertion takes time/training

Open cell foam plugs

Tend to stay in better

Retain dirt easier

Smooth foam plugs

May be easier to insert

Tend to slip out





Dirt comes off easier

Cylindrical foam plugs

Insert well/stay in

May be uncomfortable

Tapered foam plugs

May be more comfortable
Can slip out

Flanged plugs


Easy to insert


Uncomfortable to some





No rolling required 

Can be reused too much





Clean fingers not required





May be cleaned/reused

Corded plugs


Convenient retainer

Slightly more expensive





Leads to repeat usage

Can be reused too much

Caps/Semi-inserts

Can be easy to insert

Lower NRRs typically

(general)


Various styles


Some uncomfortable





Clean fingers not required
Additional cost





Many repeat usages

Not always properly inserted

Neck band caps

Convenient for wearing

Higher per pair cost





Easy to observe on workers
Not always properly inserted

Muffs (in general)

Can be dedicated to area, etc.
Higher per pair cost





Last much longer

Can not be used with glasses





Easy to observe on workers
NRRs vary widely 





Can be fitted on hard hat





Can be radio-equipped

Very costly

“It’s as easy as 1, 2, 3…” 

An effective HCP requires several things including the proper selection of hearing protectors.  It can be reduced to the following three steps: 

1. Evaluate noise levels and personal exposures by noise level as well as by time.  

2. Perform a detailed JHA and use good qualifying criteria to select the most appropriate hearing protectors.  [Investigate engineering and administrative controls first].  

3. Evaluate overall program effectiveness by observations, worker feedback, and audiograms.  


Hearing is a terrible thing to waste; trust me, I know.  You see, my Mom is totally deaf without her hearing aid and barely communicates with it.  It has been a life-changing event both for her and for her friends and family.  So, create a truly effective HCP for your workers including the proper selection of hearing protectors – don’t protect them “to deaf”.  Remember, hearing loss is insidious (still a great word)!  

Jonathan Klane, M.S.Ed., CIH, CET is the founder of Klane's Education Information Training HubSM (KEITHSM – named for his Dad) based in Fairfield, Maine.  He has a Master's Degree in Adult Education, is a Certified Industrial Hygienist, a Certified Environmental Trainer, and a Certified Occupational Hearing Conservationist.  He may be reached at (207) 453-KEITH, by fax at (207) 453-5226, or by e-mail at keith@wtvl.net.  
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