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ABSTRACT

Noise-dosimeter readings were taken under the earphones of a
number of Transport Canada radio operators working the high- and
medium-frequency bands (0.3 to 30 MHz), on each eight-hour shift
during seven- and ten-day periods in June and July 1981 at the
Gander Flight Service Station and the Vancouver Coast Guard
Radio Station.

In addition, copies of the most recent audiograms on file for
363 of the operators were collected from regional Health and
Welfare centers across Canada. In order to supplement these
data, a questionnaire was prepared and distributed through Tran-
sport Canada to as many radio operators as possible, requesting
information on non-occupational and pre-employment noise expo-
sures and any family history of hearing loss.

The equivalent-noise measurements carried out at Gander and Van-
couver during the study were not significantly different from
the results obtained at the same sites in late 1980. The mean
eight-hour values -of L(OSHA) (Occupational Safety and Health Act
equivalent levels) at the two sites ranged from 74.3 to 79.3
dBA, well within the 90-dBA 1limit specified in the Canada Labour
Code Regulations. The mean eight-hour equivalent energy levels
Leq ranged from 79.0 to 82.4 dBA.

However, because the spectrum of the noise to which the opera-
tors have been exposed contained one or more narrow-band peaks,
the average daily broad-band equivalent noise exposure (Leq)
over the years was estimated to have been about 90 dBA. The
corresponding L(OSHA) value would be one or two decibels lower
and marginally within the Canada Labour Code Regulation eight-
hour limit, and marginally over the 85-dBA eight-hour 1limit
being adopted by a number of Provincial jurisdictions.
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BACKGROUND

Radio transmissions in the frequency range from 0.3 to 30
MHz, the medium- and high-frequency .(MF and HF) bands, are
refracted back to earth by certain 1layers Jf the ionosphere,
permitting communications over extraordinarily long distances.
The quality of this type of communication is extremely variable,
however, since received signal strength is affected by the pres-
ence or absence of the refracting layers, by multiple propaga-
tion paths, and by variations in the usable frequencies, partic-
g]ar]y at sunrise and sunset and during ionospheric distur-

ances.

Because of this, a number of frequencies are allocated over
the frequency band to provide effective coverage for marine and
aircraft traffic. One frequency is used as a primary; the oth-
ers, normmally two or three in the absence of overly severe
interference, are employed as alternates whenever the primary
frequency becomes unreliable.

A radio operator responsible for transmissions from a group
of aircraft must therefore monitor a number of frequencies con-
tinuously (1). This task is made more difficult by the
interference that occurs when strong signals suddenly break
through weak signals, and by the masking produced by atmospheric
and equipment noise.

Relatively little is known about the long-term effects of.
exposure to these masking noises upon the hearing of radio
operators. During the period 1976 to 1978, however, several
operators received compensation for noise-induced hearing loss.
This prompted Transport Canada to request the Defence and Civil
Institute of Environmental Medicine (DCIEM) and the Civil Avia-
tion Medical Unit (CAMU) of Health and Welfare Canada, to deter-
mine the levels of noise to which radio operators are exposed,
and to study the long-term effects of such noise upon their
hearing.

As a result, DCIEM and CAMU designed and managed a Phase I
preliminary study, carried out under Transport Canada contract
by Barron and Associates of Vancouver, to measure the noise
exposures experienced by air traffic controllers and radio
operators at 12 communication sites on the east and west coasts.
It was concluded that headset sound pressure levels at very-
high-frequency (VHF) radio facilities did not represent a hazard
to hearing. However, the radio telegraphy (CW) and voice posi-
tions at marine- and air-radio facilities might be potentially
hazardous to hearing (2).

Accordingly, a Phase II study was undertaken by DCIEM and
CAMU, assisted by Barron and Associates under Transport Canada
contract, to study the noise exposures experienced by a sample
of normal-hearing radio operators over approximately 10 work
shifts, each of about eight-hours duration, at three Transport




Canada sites: Gander Flight Service Station, Halifax Coast Guard
Radio Station, and Vancouver Coast Guard Radio Station. A sum-
mary of the measurement procedures and the data obta1ned from
this study is given in Appendix A.

In addition, audiometric testing was performed on the radio
operators immediately before and after each work shift to detect
any temporary threshold shifts (TTS). In the majority of cases,
the observed TTSs were.not significant; that is, they were less
than 10 dB and positive or negative. The occurrence of TTSs
greater than 10 dB was 5.6 per cent at 8000 Hz and less than 3
per cent at all other test frequencies (3).

Analysis of the noise and audiometric data did not reveal
any significant correlation between TTS and the measured
equivalent-noise-exposure levels. It was noted, however, that
the sample of radio operators studied at the three sites may not
have been a true representation of the operator population as a
whole. The average age of the sample at Gander was 42, with 20
years radio-operator experience; at Halifax, 30 years of age
with seven years of experience; at Vancouver, 36 years with
eight years of experience. The group, then, had been exposed to
headset noise for a considerable number of years. Moreover,
because the operators had been screened for normal hearing (the
majority had permanent threshold shifts (PTS) of less than 20
dB), it was considered possible that the sample contained a
higher proportion of individuals who were less susceptible to
the effects of noise upon hearing than would otherwise be
observed in the general population.

Further, the majority of the headset noise levels were
below 90 dBA, perhaps due in part to what was considered by the
radio operators to be abnormally light-traffic and atmospheric-
noise conditions during the measurement period, thus precluding
a high incidence of significant TTS. At the same ‘time, it was
observed that a small percentage of the radio operators appeared
to be overexposed; high values eight-hour Leq ranged from 85.6
to 100.5 dBA (see Appendix A, Tables A-I to A-III).

As a result, Transport Canada requested that DCIEM under-
take an additional study. The purpose of the study was twofold:
(a) to carry out additional noise measurements at Gander and
Vancouver and compare them with the noise-exposure levels
observed at these sites in the Phase II study, and (b) since
previous estimates of PTS among Transport Canada radio operators
were based on very limited data, to determine the incidence and
severity of PTS among as large a sample as possible of HF and MF
radio operators. This report presents the results and conclu-
sions of this study.

Q@




METHOD

Noise-Exposure Measurements

Since the Phase II measurements had been taken during the
late fall when noise-exposure levels were thought to be lower
than normal by the Gander and Vancouver operators, measurements
during the present study were made only at these sites. The
measurement period was planned for early summer, mainly to coin-
cide with the generally busier period for marine-radio traffic
at Vancouver and air-radio traffic at Gander.

At Gander, noise-dosimeter readings were taken for four
radio operators on each shift during the ten-day period from 15
to 26 June 1981, for a total of 127 measurements covering 32
shifts. Equipment and measurement details are given in Appendix
B. Unlike the Phase II study, the same radio operators could
not always be used from day to day, and operators with normal
and moderate hearing losses took part in the study.

The noise-exposure levels at Vancouver were measured during
the week of 20 - 26 July 1981, giving a total of 47 measurements
covering 20 shifts. A1l shifts were sampled, but fewer measure-
ments were obtained here than at Gander due to a dosimeter mal-
function, because fewer operators worked on each shift, and
because not all operators agreed to participate in the study.

Hearing-Level Survey

Copies of the most recent audiograms on file for 363 Tran-
sport Canada HF and MF radio operators were collected from
regional Health and Welfare centers across Canada. The majority
of hearing tests had been administered within the previous two
years; however, some went back as far as four years. The fol-
lowing information was entered into a PDP-11/34 computer data
file for subsequent analysis: the date of the audiogram, date of
birth and years of service of the individual (if available), and

the hearing threshold levels in each ear from 250 to 8000 Hz
inclusive. ‘

In order to supplement these data, a questionnaire was
prepared and distributed through Transport Canada to as many HF
and MF radio operators as possible, with a request that com-
pleted surveys be returned to DCIEM (see Appendix D). A numeri-
cal scale was developed to rate the responses, thus permitting
their entry into the audiometric data file for statistical
analysis using a BMDP data analysis package (5).




RESULTS

Noise-Exposure Measurements

The noise-exposure measurements at Gander and Vancouver are
summarized in Tables I and II respectively. Comparison of these
data and the results obtained in 1980 (Appendix A, Tables A-I
and A-III) indicates no significant difference between the two;
the corresponding means for the sampled total equivalent and
exceedence values were within one decibel.

It was noted that during the Phase II study, the density of
the communication traffic at Gander was normal for the autumn
season (although lower than summer traffic), but the atmospheric
noise (stat1c? was noticeably lower than averdge (4). During
the present study, North-Atlantic flights, and hence the associ-
ated HF communications, were below normal due to a British con-
trollers' labour dispute. It is possible, therefore, that the
headset noise observed at this site during the two studies was
below normally encountered levels.

During the Phase II study at Vancouver, CW traffic was
about the same as in the summer months. However, voice-circuit
traffic and atmospheric noise were thought to be considerably
lower, In the present study, marine traffic was judged by the
radio operators to be normal. As noted previously, not all
operators agreed to participate in the study. Therefore, the
mean headset-noise equivalent and exceedence levels shown in
Table II do not include samples of the traffic received at the
two voice-circuit positions (Safety and Duplex) for the evening
shifts (1500-2300 hrs) on the two busiest days of the week
(Saturday and Sunday).

The weekend day-shift (0700-1500 hrs) energy equivalent
“levels (Leq) at the Safety Position were 86.1 and 81.3 dBA; the
Saturday day-shift energy equivalent level at the Duplex Pos1-
tion was 76.7 dBA. The Sunday day-shift noise at this position
could not be monitored. Although the day-shift Safety-Position
values of Leq are considerably higher than the mean-Leq shown in
Table II, the unsampled voice-circuit headset-noise levels would
probably not have increased the week-long equivalent and
exceedence levels significantly.

Hearing-Level Survey

The percentages of radio operators with hearing thresholds
exceeding 20 and 30 dB respectively are shown in Tables III and
IV as a function of audiometric test frequency and age group.

Operators who were younger than 22 years and older than 57 years
are not included because of their re]at1ve1y small numbers (13
and 9 respectively).

Among all the operators, 17.4 per cent had a profound PTS
(50 decibels or greater) at one or more of the test frequencies




between 3000 and 8000 Hz. Of these, 77.8 per cent were bilateral
losses; i.e., the threshold level in the better ear exceeded 30
decibels. ’

It is evident from Tables III and IV that about one half of
the sampled radio operators had elevated thresholds of 20 to 30
dB at 250 Hz. This is typical of the results observed where
hearing tests are conducted in areas not sufficiently quiet to
permit unmasked low-fregquency threshold determinations on per-
sons with normal hearing (7).

The frequency distributions of the hearing levels observed
in this study, compared to the 10th, 50th and 90th percentile
levels (the threshold levels that are not exceeded by 10, 50 and
90 per cent of a population) of otologically-normal males (6)
are shown in Figures 1 to 3 for the audiometric frequencies of
primary interest in population hearing-loss studies (3000, 4000,
and 6000 Hz). The 10th and 90th percentile levels, denoted by
the upper and lower horizontally sloping lines, diverge and the
population distributions become more skewed with increasing age.
This is attributed to individual differences in non-occupational
noise exposure and susceptibility to PTS (8).

The range of the observed radio-operator hearing levels in
each age group is represented by the vertical lines, upon which
frequency distributions (i.e., the number of occurrences at each
threshold level) are plotted in the z-axis. The mode of each
distribution has been normalized across age groups in order that
the less frequently observed hearing-level occurrences could be
shown. Hence the magnitudes of the frequency distributions can-
not be compared across age groups or audiometric frequencies.

Only 127 Noise Exposure Survey questionnaires were returned
from the 363 operators for whom audiometric data were available.
The three questions considered most pertinent to the study con-
cerned the possible effects of (a) non-occupational noise expo-
sure, (b) noise exposure prior to employment with Transport
Canada, and (c) any history of family deafness (thought perhaps
to be an indicator of inherited susceptibility to noise-induced
pegmanent threshold shift (NIPTS)) upon the observed levels of
PTS.

Responses to the first of these questions were rated from 0
to 15 depending on use of hearing protection, amount and sever-
ity of noise exposure, with high scores indicating greater expo-
sure. Response to the survey was low (35 per cent) and the
amount of non-occupational noise exposure admitted by the
respondents was moderate at most. Rating the second of these
questions was accomplished in a similar manner. Here, 61 per
cent of the respondents scored zero. Hence, correlation ana-
lyses between hearing loss and non-occupational and pre-
employment noise exposure respectively were not attempted.




Responses to the question of family deafness were assessed
using a five-point rating scale. Of the six operators who
scored two points or more on.this question, two (ages 26 and 31)
had threshold levels not greater than 20 dB; two (ages 31 and
32), unilateral levels of 30 dB at 4000 Hz and 25 dB at 3000 Hz
respectively; and two (ages 45 and 47), levels of 35 dB at 3000
and 4000 Hz, and 40 dB at 8000 Hz respectively.

DISCUSSION

Maximum NIPTS usually occurs at 4000 Hz "and to a lesser
extent at 3000 and 6000 Hz, and grows most rapidly in the early
years of noise exposure. PTS due to aging (presbycusis)
increases progressively with frequency and age (8). Because
sensorineural hearing impairment due to noise exposure, ‘aging
and other etiological factors occurs cumulatively, the incidence
of high-frequency PTS shown in Table IV can be attributed to the
combined effects of presbycusis and noise exposure. The effect
of the presbycusis component on the data can be observed; the
frequency of maximum PTS has shifted upwards from 4000 and 6000
Hz in the age group 28 to 32 years to 8000 Hz in the age group
53 to 57 years.

Values of the 90th percentile NIPTS for the . radio-operator
population were estimated as described in Appendix C, and are
shown in Table V. Assuming that linear addition of NIPTS and
presbycusis was predominant for the age ranges of the radio
operators, uncorrected 90th percentile values of NIPTS were
plotted against the values predicted by ISO Standard 1999 (9)
for 10 to 30 years of exposure to broad-band noise at equivalent
levels (Leq) of 85, 90 and 95 dBA (see Figure 4).

The general location of the points (Xs) suggests that the
NIPTS observed in the Transport Canada radio-operator population
could have been the result of continuing daily exposure to an
equivalent broad-spectrum noise at least 10 dB greater than the
Legs observed at Gander, Halifax and Vancouver (see Tables I and
IT and Appendix A, Tables A-I to A-III). The difference is even

greater after 20 to 30 years of noise exposure if non-linear

interaction is assumed between NIPTS and presbycusis.

In view of these relatively 1large differences, one is
immediately concerned with possible sources of error. A first
consideration is the reliability of the observed noise levels.
The overall accuracy of the noise dosimetry system used in this
study has been estimated to be plus or minus two decibels (see
Appendix B). The equivalent levels observed at the three Tran-
sport Canada sites during the Phase II and present studies may
be viewed, therefore, with reasonable confidence.

Between the time of the Phase I and II studies, peak-
clipping diodes were placed in the headset circuits at Gander,
thus 1limiting instantaneous peak levels to about 107 dB.




Although the peak limiters would reduce the 95th percentile or
greater exceedence levels, they probably have not affected sig-
nificantly the subsequent values of Leq or L(OSHA).

It is noted, however, that the observed equivalent 1levels
were measured mainly with radio operators having normal or
near-normal hearing levels. As the mid-frequency PTS of an
operator increases, one would expect him to increase the audio-
output level proportionally to his earphones to maintain an ade-
quate Toudness level, assuming that he has no loudness recruit-
ment (i.e., the threshold shift 1is not reduced at supra-
threshold levels). Further, sun-spot activity was in the max-
imum phase of its ll-year cycle during the period of the meas-
urements. It may be assumed, then, that average noise exposures
over the last 30 years may have been marginally higher than
reported herein, to the extent that the mid-frequency hearing
levels of radio operators exceeded those of the normal-hearing
subjects monitored in the Phase II and current studies, and to
the extent that atmospheric noise levels increased during
periods of low sun-spot activity.

Second, the data shown in Table C-I (Appendix C) and Figure
4 and Table V indicate that the 90th percentile values of PTS
and NIPTS in the 18 to 22 year length-of-service group dropped
by at 1least 10 dB relative to the preceding 5-year group, par-
ticularly at the 6000 Hz audiometric test frequency. This would
suggest a nonhomogene ity within the radio-operator population, a
not infrequent problem in longitudinal studies. Perhaps persons
developing significant PTS tend to quit the occupation, leaving
the remaining radio-operator population with a lower proportion
of individuals with moderate to high PTS, and possibly a higher
proportion who are less susceptible to the effects of noise upon
hearing.

It is true that individuals leave the radio-operator occu-
pation, approximately 10 per cent of the total radio-operator
population (100 persons) per year, mainly through promotion to
supervisory positions within Transport Canada (after at least 10
years experience as an operator) or transfer to other positions
within the Public Service. There is no evidence to suggest that
this occurs exclusively among persons who develop PTS; cer-
tainly, promotions are based to a large extent on demonstrated

supervisory ability (10).

[f a larger than normal number of operators had been leav-
ing the occupation consistently after about 15 years of service,
one would expect a noticeable reduction in the size of the 18 to
22 year and subsequent length-of-service groups. The data in
Table V show sizable reductions in the 13 to 17 and 28 to 32
year length-of -service groups, but not in the group in which the
10-dB drop in 90th percentile NIPTS was observed. However, the
possibility remains that the observed population nonhomogeneity
was caused by an extraordinary proportion of individuals leaving
the occupation at that time (at a normal attrition rate) with




large PTSs.

A third consideration is the audiometric data. From the
levels of the 250 Hz thresholds shown in Tables III and IV, it
is evident that many of the hearing-test rooms in which Tran-
sport Canada radio operators have been tested have not been suf-
ficiently quiet to permit unmasked threshold determinations
below 500 Hz and 30 dB (7). However, the excessive noise in
these areas does not appear to have affected threshold levels at
the higher test frequencies; only two per cent of the ears
tested in the 23 to 27 year age group exhibited threshold levels
exceeding 20 dB at 1000 and 2000 Hz (see Table III).

One realizes, of course, that clinical audiometry is rela-
tively imprecise, even under the best of testing conditions. The
standing waves beneath an audiometer earphone vary with its
exact position over the ear, for example, producing sizable
variations in the pressure levels produced at the tympanum with
changes in the position of the earphone, particularly at fre-
quencies above 2000 Hz. Further, the task of listening for
pure-tone signals at or near threshold requires some learning
and considerable attention. Hence, test-retest variability among
experienced and motivated subjects can produce standard devia-
tions of about 4 dB in the frequency range from 500 tu 4000 Hz,
and about 6 dB at 6000 Hz, even with careful well-conducted
audiometric testing in sufficiently quiet surroundings, using
?qT;pment maintained in a satisfactory state of calibration

11).

With naive and less motivated listeners, it is certain that
the variability will be even greater. It is possible, therefore,
to encounter differences of at least five decibels in threshold
levels at frequencies above 2000 Hz, from one clinical evalua-
tion to another and in addition to the effects that exposure to
noise may have upon the thresholds. However, since these varia-
tions are generally random, they probably have not influenced
significantly the central tendency of the data.

On the other hand, the judgements of a clinician making a
decision on a threshold from the responses of a listener to a
series of ascending- and descending-tone presentations from a
non-automatic audiometer, may introduce a bjas into the data
(12). = This source of error could have particular significance
when testing sensorineural-impaired patients with tinnitus. A
large number of false-positive responses (i.e., indications of
hearing a signal when none in fact is present) would tend to
influence the apparent threshold in a positive direction (i.e.,
underestimate a loss in hearing sensitivity).

A fourth factor to be considered is the spectrum of the
noise producing the observed PTSs. A-weighted sound pressure
levels are taken as reasonably good predictors of the potential
hazard to hearing of broad-spectrum industrial-type noises. The
prediction method contained in the draft revision of IS0

e




Standard 1999 is based primarily .on PTSs due to exposure to
noise of this type. However, the spectrum of the noise to which
the radio operators have been exposed contains one or more
narrow-band peaks (see Appendix A), a type of noise for which
A-weighted 1levels have been thought to underestimate the hazard
to hearing (13). Indeed, a note accompanying the draft revision
of Standard 1999 suggests that wusers may wish to consider a
noise that contains tone components or is narrow band to be wup
to 5 dB more hazardous than broad-band noise at the same level.

In summary, then, although the possibility of serious
discrepancies in the audiometric data cannot be discounted com-
pletely, especially at the extremes of the population-PTS dis-
tributions, the presence of systematic errors exceeding 10 d8
has not been demonstrated. Further, a longitudinal nonhomo-
geneity in the noise susceptibility of the radio-operator popu-
lation is a possibility. Nevertheless, it seems more 1likely
that the general trend of the radio-operator 90th percentile
NIPTSs to exceed predicted values by 10 dB or more, particularly
at 6000 Hz, was due to the fact that the radio-operator expo-
sures involved noise with one or more narrow-band peaks, whereas
the predicted values asssumed a broad-band noise.

CONCLUSIONS

1. The equivalent-noise measurements carried out at the Gander
Flight Service Station and the Vancouver Coast Guard Radio Sta-
tion during this study were not significantly different from the
results obtained at the same sites 1in late 1980. The mean
eight-hour values of L(OSHA) at the two sites ranged from 74.3
to 79.3 dBA, well within the 90-dBA limit specified in the
Canada Labour Code Regulations (14). The mean eight-hour values
of Leq ranged from 79.0 to 82.4 dBA.

2. However, because the spectrum of the noise to which Tran-
sport Canada HF and MF radio-operator population have been
exposed contained one or more narrow-band peaks, the average
daily broad-band equivalent noise exposure (Leq) over the years
is estimated to have been about 90 dBA. The corresponding
L(OSHA) value would be one or two decibels lower and marginally
within the Canada Labour Code Regulation eight-hour 1limit, and
marginally over the 85-dBA eight-hour limit being adopted by a
number of Provincial jurisdictions (15).
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OTOLOGICALLY NORMAL MALES
Frequency = 3000 Hz
(10 th, 50 th, 90 th Percentile)
and Relative Distributions of HF
and MF Radio Operators
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FIGURE 1. The 10th, 50th and 90th percentile hearing threshold

levels of otologically normal males at 3000 Hz (ref.
6), and the frequency distributions of Transport
Canada high- and medium-frequency radio operators, as
a function of age. Note that the mode of each distri-
bution has been normalized; hence, the magnitudes of
the frequency distributions cannot be compared across
age groups.
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OTOLOGICALLY NORMAL MALES
Frequency = 4000 Hz
(10 th, 50 th, 90 th Percentile)
and Relative Distributions of HF
and MF Radio Operators
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FIGURE 2. The 10th, 50th and 90th percentile hearing threshold
levels of otologically normal males at 4000 Hz (ref.
6), and the frequency distributions of Transport
Canada high- and medium-frequency radio operators, as
a function of age. Note that the mode of each distri-
bution has been normalized; hence, the magnitudes of
the frequency distributions cannot be compared across
age groups.
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OTOLOGICALLY NORMAL MALES
Frequency = 6000 Hz
(10 th, 50 th, 90 th Percentile)

and Relative Distributions of HF
and MF Radio Operators
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- FIGURE 3. The 10th, 50th and 90th percentile hearing threshold
levels of otologically normal males at 6000 Hz (ref.
6), and the frequency distributions of Transport
Canada high- and medium-frequency radio operators, as
a function of age. Note that the mode of each distri-
bution has been normalized; hence, the magnitudes of
the frequency distributions cannot be compared across
age groups.
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FIGURE 4. Predicted 90th percentile values of noise-induced per-

manent threshold shift (NIPTS), shown as the solid
curves, for given years of exposure to noise at
energy-equivalent levels (Leq) of 85, 90 and 95 dBA
(ref. 9); and estimated 90th percentile values of
NIPTS (shown as Xs), assuming linear NIPTS-presbycusis
interaction, observed in the Transport Canada high-
and medium-frequency radio-operator population sample.
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TABLE I
EQUIVALENT AND EXCEEDENCE NOISE LEVELS IN dBA, MEASURED

g AT THE EARS OF SAMPLED RADIO OPERATORS, DURING WORK B
SHIFTS AT THE GANDER FLIGHT SERVICE STATION FOR THE
PERIOD JUNE 15 - 26, 1981
Day Evening Midnight
Py ' Shift Shift Shift Total
' L (OSHA): |
- Mean 75.8 77.4 79.3 77.5
Standard Deviation 3.0 3.4 4.3 3.9
. Per Cent of L(OSHA)s 0
Exceeding 90 dBA
Leg:
~ Mean 79.0 80.4 8l.5 80.3
Standard Deviation 3.6 3.8 4.4 4.1
¢ Low Value 74.9  74.7 7.2 72.2
High Value 91.5 88.4 88.9 91.5
L(10): |
Mean 82.3 83.7 85.9 84.0
® Standard Deviation 3.4 3.9 4.4 4.2
L(01):
Mean 90.2 91.2 90.9 90.8
Standard Deviation 3.7 4.0 3.9 3.9
® Number of Samples: 39 44 44 127
Notes:

1. L(OSHA) is the equivalent A-weighted level in which
) five-decibel SPL increments/decrements result in a
doub11ng/ha1v1ng of permitted exposure times, as
specified in OSHA (Occupational Safety and Health Act)
and Canada Labour Code Regulations (14).

N

2. Leq 1is the equivalent A-weighted 1level 1in which
® ‘ three-decibel SPL increments/decrements result in a
doubling/halving of permitted exposure times, as
specified 1in standards of the International Standards
Organization.
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A TABLE II
EQUIVALENT AND EXCEEDENCE NOISE LEVELS IN dBA, MEASURED
AT THE EARS OF SAMPLED RADIQO OPERATORS, DURING WORK
SHIFTS AT THE VANCOUVER COAST GUARD RADIO STATION
FOR THE PERIOD JuLY 20 - 26, 1981
Day Evening Midnight
Shift Shift Shift Total
L(OSHA) : |
Mean 74.3 78.0 78.8 76.3
Standard Deviation 5.2 3.3 2.6 4,6
Per Cent of L(OSHA)s 0.0
Exceeding 90 dBA
Leg:
Mean 79.7 82.4 81.9 - 81.0
Standard Deviation 5.8 3.6 2.9 4.8
Low Value 69.5 74.9 77,7 69.5
High Value 92.5 87.2- 85.9 92.5
L(10):
Mean 79.4 84.0 85.2 - 82.0
Standard Deviation 6.7 3.7 2.6 5.8
L{o1):
Mean 90.9 93.7 95.7 92.7
Standard Deviation 7.1 3.9 1.4 5.7
Number of Samples: 22 16 9 47

Notes:

1. L(OSHA) is the equivalent A-weighted 1level in which

five-decibel SPL increments/decrements result in a
doubling/halving of permitted exposure times, as
specified in OSHA (Occupational Safety and Health Act)
and Canada Labour Code Regulations (14).

. Leg is the equivalent A-weighted Tlevel in which

three-decibel SPL increments result in a
doubling/halving of permitted exposure times, as

specified in standards of the International Standards
Organization. '
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TABLE III

PER CENT OF SAMPLED PQPULATION OF TRANSPORT CANADA
HF AND MF RADIO-OPERATOR EARS WITH THRESHOLD
LEVELS EXCEEDING 20 dB

Sample
Age Range Size Frequency (Hz)

250 500 1000 2000 3000 4000 6000 8000

23-27 yrs 120 53% 7% 24 2% 4% 5% 10% 7%
28-32 yrs 126 53% 6% 5% 6% 6% 16% 17% 17%
33-37 yrs 100 S54% 5% 1% 11% 20% 20% 21% 22%
P 38-42 yrs 110 53% 15% 8% 14% 20% 29% 41% 27%
43-47 yrs 102 55% 10% 7% 13% 21% 31% 39% 35%
48-52 yrs 52 63% 15% 17% 23% 35% 46% 63% 74%
53-57 yrs 42 68% 21% 26% 40% 62% 76% 76% 84%

e _ Notes:
1. The sample sizes for the seven age ranges at 250 Hz

are 86, 88, 68, 86, 82, 38 and 22 respectively, and at
8000 Hz are 112, 114, 94, 102, 94, 46 and 38 respec-
tively, due to unreported thresholds at these frequen-

e cies on a number of audiograms.

®

]

®

®

L

|
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TABLE 1V
PER CENT OF SAMPLED POPULATION OF TRANSPORT CANADA
HF AND MF RADIOQ-OPERATOR EARS WITH THRESHOLD
LEVELS EXCEEDING 30 dB
Sample -
Age Range Size Frequency (Hz)

250 500 1000 2000 3000 4000 6000 8000

23-27 yrs 120 2% 2% 0% 0% 0% 2% 2% 3%
28-32 yrs 126 5% 2% 1% 1% 2% 11% 10% 8%
33-37 yrs 100 0% 0% 0% 3% 12% 11% 13% 14%
38-42 yrs 110 1% 5% 3% 10% 11% 15% 20% 11%
43-47 yrs. 102 4% 3% 5% 8% 12% 15% 25% 23%
48-52 yrs 52 3% 8% 8% 12% 19% 29% 44% 37%
53-57 yrs 42 9% 10% 12% 33% 45% 60% 60% 68%

Notes:

1. The sample sizes for the seven age ranges at 250 Hz
are 86, 88, 68, 86, 82, 38 and 22 respectively, and at
8000 Hz are 112, 114, 94, 102, 94, 46 and 38 respec-
tively, due to unreported thresholds at these frequen-
cies on a number of audiograms.

'

®




TABLE V

ESTIMATED 90th PERCENTILE NIPTS VALUES IN dB
OF TRANSPORT CANADA HF AND MF RADIO-OPERATOR
EARS, AS A FUNCTION OF LENGTH OF SERVICE

Audiometric Test
Frequency in Hz

Length of Service 3000 4000 6000

Values of NIPTS in parentheses are corrected
(see Note 1)

1-2ys (n=28) ns (ns) 6 (7) 8 (9)
3- 7yrs (n=152) 6 (7) 11 (13) 16 (19)
8-12 yrs (n = 76) 6 (7) 19 (22) 25 (30)
13-17 yrs (n = 58) 26 (30) 23 (28) 27 (33)
18-22 yrs  (n=104) 7 ( 9) 13 (17) ns (ns)
23-27 yrs (n = 100) 15 (19) 14 (19) 16 (23)
28-32 yrs (n = 24) 15 (28) 17 (28) 28 (46)
Notes:

1. The estimated permanent threshold shift (PTS) of a
noise-exposed population is given in the draft revi-
sion of ISO Standard 1999 (9) by the formula:

PTS = ARTL + NIPTS - 1/120(ARTL)(NIPTS)
where ‘
PTS  is the estimated permanent thresh-
old shift; .
ARTL is the age-related (presbycusis)
threshold shift; and
NIPTS is the potential noise-induced
' permanent threshold shift.

Without the third term on the right-hand side of the
equation, it s assumed that there is a simple addi-
tive relationship between NIPTS and presbycusis. The
values of NIPTS shown above, without parentheses, were
calculated without this correction. W3ith the correc-
tion (the values within parentheses), a secondary bio-
logical interaction between NIPTS and presbycusis is
assumed.

2. Percentile designates the per cent of people in a
population whose hearing threshold level does not
exceed the stated level.

3. Not significant (ns) signifies a NIPTS of less than 5
dB.
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