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annual audiometric testing program. Frontier also performs noise sur­
veys throughout the year at different gates and locations. These noise 
surveys are perfonned on both types of aircraft used by Frontier. 

IV. ENVIRONMENTAL DESIGN ANO METHODS 

Fourteen personal TWA noise levels were taken using Metrosonic noise 
dosimeters which register on a memory cell the dose or noise level 
received during the exposure period. The data can then be displayed on 
a read-out (hard copy) for each minute at the end of the exposure 
period . The read-out describes the accumulated exposure. for each hour 
and is described as the average noise exposure for each hour evaluated . 

Various noise le9els and sound pressure levels were also evaluated 
around the work sites using a Bruel & Kjar (B&K) Precision Sound Level 
Meter equipped with an octave band analyzer . 

V. EVALUATION CRITERIA 

A. Environmental 

Exposure to high levels of noise may cause temporary and/or perman­
ent hearing loss . The extent of damage depends primarily upon the 
intensity of the noise and the duration of the exposure. There is 
abundant epidemiological and laboratory evideMe that protracted 
noise exposure above 90 decibels (dBA) causes hearing loss in a 
portion of the exposed population. 

OSHA's existing standard for occupational exposure to noise (29 CFR 
1910.95) specifies a maximum permissible noise exposure level of 90 
dBA for a duration of 8 hours, with higher levels allowed for 
shorter durations . NIOSH , in its Criteria for a Recommended Stan­
dard , proposed a limit of 5 dB less than the OSHA standard . 

Time-weighted noise limits as a function of exposure dura­
tion are shown below: 

Duration of Exposure 
(hours/day) 

16 
8 
4 
2 
1 

1/2 
1/4 
1/8 

Sound Level, dBA 
fllIOSH OSHA 
" 

80 
85 
90 
95 

100 
105 
110 
115* 

90 
95 

100 
105 
110 
115* 

140 dB** 

* No exposure to continuous noise above 115 dBA. 

** No exposure to impact or impulse noise above 140 dB peak sound 
pressure level (SPL). 
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When workers are exposed to sound levels exceeding the OSHA stan­
dard, feasible engineering or administrative controls must be 
implemented to reduce levels to permissible limits . OSHA has 
recent ly issued a hearing conservation amendment to its noise 
standard. For workers exposed at or above a TWA of 85 dB, the 
amendment will require noise exposure monitoring, employee educa­
tion, and audiometric testing. Review of audiograms have to be 
made by an audiologist or otolaryngologist or a qualified physi­
cian in their absence. Employees also must be notified of moni­
toring results with in 21 days. Employee records must be kept by 
the employer for up to five years after termination of employ­
ment. Finally, for th~se emp loyees exposed to noise l evels 
exceeding 90 dBA for eight hours and/or where audiometric testing 
results indjcate a hearing loss, ear protection must be worn. 

B. Toxicological 

Noise, commonly defined as unwanted sound, covers the range of 
sound which is implicated in harmful effects. Noise can be 
c l ass ifi ed into m-any different types, including wide-band noise, 
narrowband noise, and if11)ulse noise. To describe the spectrum of 
a noise the aud i ble frequency range is usually divided into eight 
frequency bands, each one-octave wide, and sound pressure leve 1 
(SPL) measurements are made in each band using a spec ial sound 
l eve l meter. A wide-band noi se is one where t he acoustical 
energy is distributed over a large range of frequencies. Exam­
ples of wide-band noise can be found in the weaving room of a 

_textile m.ill and in .jet ... aircr..aft.operations ~~-.· - . 

Exposure to intense noi se causes hearing losses which may be 
temporary, permanent, or a combination of the two. These impair­
ments are reflected by elevated thresholds of audibi li ty for 
discrete frequency sounds, with the increase in dB requi red to 
hear such sounds being used as a measure of the loss. Temporary 
hearing losses, als~ called auditory fatigue, represent threshold 
losses which are recoverable after a period of time away from the 
noise. Such losses may occur after only a few minutes of expo­
sure to intense noise. With prolonged , and repeated exposures 
(months or years) to the same noise le"'e l , there may be only 
partial recovery of the threshold losses, the residual loss being 
indicative of a developing permanent hearing impairment. 

Temporary heari ng i mpairment has been extensively stud ied in 
re l ation to various conditions of noise exposure. Typica l indus­
trial noise exposures produce the largest temporary hearing 
losses at test frequencies of 4,000 and 6,000 Hertz (Hz). 

The actual pattern of loss depends upon the spectrum of the noise 
itself. The greatest port ion of the loss occurs within the first 
two hours of exposure. Recovery from such losses i s greatest 
within one or two hours after exposure. 

The amount of telJl)orary hearing loss from a given amount of noise 
varies considerably from indi vidual to individual. For example, 
losses at a given frequency due to noi se intensities of 100 dBA 
may range from 0 to more than 30 dB. 
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Low frequency noise, below 300 Hz, must be considerably more 
intense than middle or high frequency noise to produce significant 
threshold losses. 

Considerably fewer temporary hearing losses result from intermit­
tent than from continuous noise exposure, even though the total 
amount of noise exposure is the same in both instances. 

Physiologic reactions to a noise of sudden onset represent a typ­
ical startle pattern. There is a rise in blood pressure, an 
increase in sweating, an increase in heart rate, changes in breath­
ing, and sharp contractions of the muscles over the whole body . 
These changes are often regarded as an emergency react ion of the 
body, increasing the effectiveness of any muscular exertion which 
may be required. However desirable in emergencies, these changes 
are not desirable for long periods since they could interfere with 
other necessary activities. Fortunately , these physiologic reac­
tions subside with repeated presentations of the noise. 

For performance on a task to remain unimpaired by noise, man must 
exert greater ef fart than would be necessary under qui et cond i­
t ions. When measures of energy expenditure--f or ex amp le, oxygen 
consumption and heart rate--are made during the early stages of 
work under noisy conditions they show variations which are indica­
tive of increased effort. Measurements in later stages under 
continued exposure, however, show responses return to their normal 
l eve 1. 

VI. ENVIRONMENTAL RESULTS AND DISCUSSION 

A total of fourteen personal noise samples (four mechanics, four 
agents, and six baggage handlers} and numerous area noise 1eve1 mea­
surements were taken during the survey period . Only one of the agents 
TWA noise levels exceed~ the NIOSH criteria of 85 dBA and this person 
was working at gate 14 during the survey period. Five of the six bag­
gage handlers evaluated during our survey had TWA noise levels which 
exceeded the NIOSH standard and four of the five who exceeded the cri­
teria were working at gates 14 or 34. Of the mechanics evaluated, 
again, all but one had TWA noise exposures ' exceeding the criteria; 
however, none of the ground crew employees were working at either gates 
14 or 34 (refer to Tab le 1 for the above results). 

The peak area noise level measurements taken ranged from 93 to 110 dBA 
and this was found at each of the gates where Convair 580 aircraft were 
located. Area noise levels for the Boeing 737 aircraft ranged from 
90-98 dBA at each of the locations evaluated for this aircraft. Based 
on this survey, the Convair 580 aircraft were consistently noisier at 
each location evaluated versus the Boeing 737. aircraft evaluated . 

VII . CONCLUSIONS 

A potential health hazard did exist at this work place during NIOSH's 
.evaluation . This conclusion is based on the excessive TWA no,ise levels 
found, as well as the noise data obtained from the dosimeter readings 
and the octave band evaluation. Ground crews were provided hearing 
protection which will reduce the actual exposure below that measured by 
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the personal noise measurements used in this study. It was also deter­
mined that Frontier does provide annual audiometric testing and that 
since 1975 when this program began only two percent of the employees 
screened per year have developed hearing loss. This 2% loss has been 
evaluated by Frontier, in each case, as non-occupat ional, e.g. presby­
cusis, non-occupational injuries. 

Finally, it was determined that the Convair 580 aircraft were consis­
tently noisier at each location evaluated versus the Boeing 737 air­
craft evaluated. 

It can be concluded, based on the data obtained during NIOSH's survey, 
that operations at gates 14 and 34 had greater noise exposures than the 
other operations :and/or gates surveyed. However, these consistently 
high noise levels were determined to be due to the excessive air traf­
fic in and around these gates . 

VIII. RECOMMENDATIONS 

In view of the findings of NIOSH's environmental study, as well as 
personal communications with individuals at Frontier Airlines' Denver 
operation, the following recommendations are made to provide a better 
work environment for the concerned employees: 

1. The hearing protection program should be continued and rigidly 
enforced. 

2. Audiometric testing shount be -performed year-ly. If the worker has 
any significant threshold shifts, the hearing protection program 
should be re-evaluated . 

3. Noise monitoring should be performed routinely to help supplement 
Frontier's hearing protection program. This information will then 
identify for management and the employees which work areas are the 
most hazardous. Also~ those areas which are considered high noise 
areas should be posted accordingly. 

4. To insure that full personal protection i-s being provided during 
those periods of exposure the Environment.a 1 Protect ion Agency's 
Noise Reduction Ratings (NRR) should be consu lted amd understood 
when selecting hearing protection in order to provide the most 
effective device. Each protective device (ear plugs or muffs) has 
a NRR rating which, for that particular type and model , describes 
what percent of noise attenuation may be obtained when using a 
particular device. However, these ratings can be misunderstood, 
i.e., suppose a muff (X) has good attenuation at all frequencies 
except at 4000 Hertz where it has excel lent attenuation and its 
overall NRR rating is 23. Another muff (Y) has great attenuation 
at all frequencies except 4000 where its attenuation is poor and 
its overall NRR rating is 26. Therefore, if one only knew that the 
higher the NRR the better the protection, it would be misleading if 
the greatest intensity noise in their workplace was at 4000 Hertz 
and they were using muff Y rather than muff X. 
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5. An educational program to instruct new employees on the hazards of 
noise exposures should be implemented, as well as an annual review 
of noise hazards for all concerned employees should also be imple­
mented if it has not been already. 
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Copies of this report have been sent to: 

1. Frontier Airl i nes, Inc. 
2. U.S. Department of Labor/OSHA - Region VIII . 
3. NIOSH - Region VIII . 
4. Colorado Department of Health. 
5. State Designated Agency. 

For the purpose of informing affected emp loyees, a copy of this report 
shall be posted in a prominent place accessi ble to the employees for a 
period of 30 calendar days. 
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TABLE 1 

NOISE DOSIMETER LEVELS 

Frontier Airlines, Inc. 
Denver, Colorado 

July 15, 1981 

Sample Sampling Time 
Job/Task Description 

Mechanic/Gate 6 
Mechanic/Gate 4 
Mechanic/Gate 4 
Mechanic/Gate 6 
Agent/Gate 14 
Agent/Gate 34 
Agent/Gate 16 
Agent/Gate 14-A 
Baggage/Gate 22-24 
Baggage/Gate 14A 
Baggage/Gate 22-24 
Baggage/Gage 34 
Baggage/Gate 14 
Baggage/Gate 16 

EVALUATION CRITERIA: 

~ 

Number 

56 
59 
63 
74 
73 
64 
81 
60 
80 
78 
82 
57 
55 
78 

{hours} 

6.5 
6. 5 
6. 5 
6.5 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7. 0 
7.0 

NIOSH , 8-hour TWA 
OSHA " 8-hour TWA 

Noise Level 
dBA 

82.5 
88.8 
87 .0 
85.0 
84.0 
83.0 
.84.0 -.-.: 
86.0 
85.0 
97.0 
84.0 
90.0 
88.0 
90.0 

85 dBA 
90 dBA 


