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In support of the main documeni, "'A Basis for Limiting Noise Exposure for Hearing
Congervation," this report compares the relationship of noise exposure to Noise
Induced Permanent Threshold Shift (NIPTS) as predicted by the currently available
works of Passchier-Vermeer, Robinscn, Baughn and Kryter, and the yet unpublished
work of the National Institute of Occupational Safety and Health. The works of
Passchier~Vermeer, Robinson, and Baughn are selected since these are the only works
that complately predict the relationship between NIPTS and nouise exposure for
various audlometric frequencies, sound pressure levels and population percentiles.
Tne predictions of these three methodologies are averaged in order to provide one
single relationship between continuous noise exposure and NIPTS. This relationship
is presented in varfous ways so that the effect of noise exposure on hearing can be
viewed in more than one way. Discussion concerning the type of frequency weighting,
the equal energy rule, and long duration exposures [s also provided.
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PREFACE

The Biodynamics and Bionics Division of the Aerospace Medical Re-
search Laboratory was givan the responsibility under an Interagency Agrece-
ment with the Environmental Protection Agency, to develop a document which
would serve as a basis for limiting noise for purposes of hearing conserva-
tion, The preparation of this document was accomplished by the University
of Dayton Research Institute (UDRI) under Contract F33615-72-C-1402.

The Aerospace Medical Resea¥ch Lahoratory efforts in support of this pro-
ject were included under Project 7231-03-16, "Auditory Responses to Acous-
tical Energy Experienced in Air Force Activities, "

In order to resolve certain issues that developed during preparaticr. of
the primary document, the material of this supporting document was develcp-
ed. This document does not cover all facets of the relations between hear-
ing and noise exposure, and should be used only in conjuncticn with the
primary document "A Basis for Limiting Noise Exposure for Hearing Con-
servation' (AMRL-TR=~73-90) (EPA-550/9-73-001-A).

Acknowledgement is made of the assistance p'rovided by Dr. H. E. von
Gierke, Dr. . W. Nixon and Capt. David Krantz of the Biodynamics and
Bionics Division,
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PREDICTION OF NIPTS DUE TO CONTINUOUS NOISE EXPOSURL

I. INTRODUCTION

This report was written to support certain parts of the criteria document,
"A Basis for Limiting Noise Exposure for Hearing Conservation'. Specifically,
several Aiffcrent predictive methods are presented that estimate the effects
of noise on hearing. The predictive results will then be manipulated PENES
they are reduced to a format that allows a basis for administratively proposing
a specifi¢ noise limit; - .

This report relies on the main decument (AMRL-TR=-73-90) for defini-
tion of terms, arguments concerning impulsive noise, relationships betwee:
Temporary Threshold Shifts (TTS) and Noise Induced Permanent Thresi:old
Shift (NIPTS), etc.

Method of Attack. With respect to NIPTS, the duration, spectrum ana
intensity of the noise exposure, the sensitivity of the individual, and the 1ife-
time noise exposure history of the individual are all important parameters.
With this many parameters, it is predictable that there are varied opinions
as to how NIPTS will develop in a group of people exposed to noise. If one
adds to the problem various interpretations of what constitutes a significant
hearing loss, then it is not surprising that a resulting jumble of noise 1imit-
ing criteria will develop. The intent of this supplement is not to be inter-
pret what constitutes a significant hearing loss until such interpretations are
required in order to suggest a recommended limit. Therefore, major cru-
phasis will be placed on the relationship of NIPTS to noise for various popu-
lation percentiles,

II. RELATION OF NOISE TO HEARING LOSS

A. Relation of Noise to Hearing Loss for Constant SPL for & Hour
Working Day

1. Exposure Situation of Data Base. This situation is the basie
of much of the human data with respect to actual hearing loss. Therefore it
is this situation that by necessity anchors any criterion which will relat«
hearing loss to noise. Once this point is selected, exposure duration is then
handled such that shorter or longer exposures are expected to be as noxious
as the 8 hour exposure. The 8 hour permissible exposure point, thercfore,
must be set with great care., Since this is the heart of the report, a congid-
erable amount of detail will be presented that will hopefully allow selection
of prrmissible noise exposure for an 8 hour day.




2. Selection of Data Base. Various researchers have made an
attempt to develop a predictive relationship between noise exposure in the
8 hour working day and the resulting hearing losses. The relationships were
investigated and either accepted or rejected based on whether or not they
{(a) allowed calculation of NIPTS at various percentile points and (b) consider-
ed at least speech frequencies (.5, 1 and 2 kHz) and the audiometric frequency
of 4 kHz. The methods of Passchier-Vermeer, Robinson and Baughn satisfy
these restrictions,

Pasgschier-Vermeer!s method is attractive in that it correlates
the data of many different reports. Inclusion of her method thus provides a
rather broad data base (Bee Table 1 for a summary of her sources). A weak-
ness of her method i3 that for much of her data base only the 25, median,
and 75 percentile levels of the population were provided.

Robinson's method provides one mathematical relationship (the
hyperbolic tangent) which is adjusted for the audiometric frequencies con-
sidered and the percentile levels used. The method's strength is that it allows
calculation of predicted NIPTS for a wide variety of conditions. A criticism of
the method might be that it uses only one careful study of an otologically
screened population of British subjects. Such a population may not be typical
of average US population. It is also diff.cult to visualize how the hyperbolic
tangent could be a best approximation to NIPTS for all frequencies and condi-
tions. Nevertheless, Robinson's meth-dology is well conceived and provides
an additional data base.

Baughn's data provides superior insight into how NIPTS develops
at various percentile points, not just the median. It has also been used as
the basis for the ISO standard. Its weakness, as typical with many industrial
studiesg, is that some residual TTS will have been measured since an occasion
only 20 rninutes recovery was allowed before audiometric testing was performed.
Lack of recovery would tend to make the predicted NIPTS too high. A second
problem is that the control (or non-noise exposed group) must be considered
to have been exposed to 78 dBA or less. Therefore from Baughn's data
alone, it would be impossible to show that the 78 dBA exposure was not in
itself causing a significant NIPTS.

In summary, all three methods have both strengths and weak-
nesses and it would be hard to say which of the three methods (Robinson's,
Passchier-Vermeer's or Baughn) gives the best estimates of the true situ-
ation, Therefore, the predicted NIPTS values were tabulated for each method
and compared, The results, as seen in Table 2, speak for themselves. In
gzeneral, there arc not large (greater than 10 dB) differences between the
threer methods, Most differences are less than 5 dB. For this reason, all
threr methods were used to derive predicted values of NIPT3. The final
prediction is the average of the NIPTS of cach method; and, as a consequence,
should give a final reygult that is not unduly influenced by the weakness of any

Sngle method,
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TARLE 2a

Predicted NIPTS for 75 dBA
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TARBLE 2b
Predicted NIPTS for 80 dBA
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TABLE 2c
Predicted NIPTS for 85 dBA
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TABLE 2d

Predicted NIP"I‘S for 90 JdBA
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TABLE 2¢

Predicted NIPTS for 95 dBA
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TABLE 2f

‘Predicted NIPTS for 90 dBA
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3. Other Methods. The National Institute of Occupational Health
and Safety (NIOSH) also presented data which have not been smoothed. Table
2f has some of these same data incorporated for comparison. This data base
was not used because (1) it only predicts NIPTS for 90 dBA, (2) the sample
size was very small (22 workers for some of the age groups), and {3) some
type of smoothing of the data would be required in order to make it a pre-
dictive method. The data is presented in T able 2f in order to show (1) that
raw data requires treatment (such as provided by Robinson, Passchier-
Vermeer or Baughn) before it is useful, and (2) the NIOSH data is not out of
line with the predictive methods used in this report. There is, however,
one method in the literature which differs greatly with other methodolcgies,
This is Kryter's latest work published in the Journal of the Acoustica: Society
of Ametrica, 1973. '

Figure 1 shows a plot of predicted NIPTS values for each of the
three selected methods as well as Kryter's predicted values., Of all the studles
compared, only Kryter does not seem to be in general agreement with the
three methods selected. Therefore, a special discussion of his method is
included. At this point, however, attention will focus oniy on the methods of
Passchier-Vermeer, Robinson, and Baughn.

4. Simplification of Data. Now that three different methods have
been selected, the question remains as to how to use the data. The data are
simplified to three curves (representing different philosophies of what and
whose hearing should be protected) for three audiometric frequencies. Two
curves are the expected NIPTS (maximum and a 10 year exposure point) of
of the sensitive ears on the 90 percentile points with respect to SPL. The
other curve is the average NIPTS expected during 40 years of exposure as
averaged over all the population percentiles. This third curve is approximated
closely by the median NIPTS level after 20 years of exposure. The three
audiometric frequencies presented were speech (average of 0.5, 1, and 2 kHz),
speech (average of 0.5, 1, and 4 kHz) and 4 kHz. Table relating percent
of population with more than a 5 dB NIPTS at 4000 Hz versus exposure is also
developed. The data are presented in the sequence in which reduced go that
a user may, at his discretion, stop and use as a basis of his decision the data
onns or more steps before the manipulation that provides the final curves
discussed above.

5. Details of Selected Methodologies,

a) Passchicr-Vermeer (1971)

Pagschicr-Vermeer results are in graph form (see Figure 2),

Tables 3 and 4 are then used to caleculate the effects of age and the correction
necessary for considering differrnt percentile levels. The details of the
calecuintions of the values in Table 2 are as follows:
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TABLE 3

(from Passchier-Vermeer)
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Reterence: "Hearing L.oss Due to Fxposure to Steady-State Broadband Noise, '

1Y Converted NURL into dBA by adding formula dBA = N.R. + 4.

{2V Procedure used was outlined in payes 23-25,

{2} Notse tnduced ahift of hearing level (Dx), not approximation of noise
toduead Yeareing Tosws (D'%) was caleulated,

P4l (0 vatues were obtalned from Flgure R35-A and Tables A and B,

EAY R e TN -.'.v‘x-'\, the curves of R35-A were extended slightly by straight lines.

S e b hearing loss was obtained from averaging Dx for 500, 1000, and
Jtves Yy rregaenciens, - .
P b e po o miethod was sugpgested in her original report for estimating the
¢t 0 perceentile levels, the corrections used to estimate the 25 or
percentite levels were doubled in order to approximate the 10 or 90
pevoentiie fevels, The error of this approximation will be less than
it peroent for 2 normal distribution. This is in agreement with
Viassoider-Vermeer's supplement (1969) to the main report.
e 20 paper "Occupational Hearing Losgs', Passchier-Vermeer
cnopr i HIPTS values for the 10 year exposure point., These values
cuTmese wiibno the spprovimation used in this supplement,

HhY Robinson

Peringon provides a formula and a set of Tables (see
conies caned b wbich can be used to calculate NIPTS. A rnomogram is also
presented which.allows calculation of hearing levels of noise-exposed popu-

Hlers sinee the preshycusig correction is included. Details of the calcu-

Clnre sed tooobtain the values of Table 2 are as follows:

Reference: "T'he Relationships Between Hearing Loss and Noise Exposure, "

f1y Tlaed TLA - ABA,L
O Twes procedure outlined on page 18 except that the formula:
LA+ 10 LOG T/TO + Un -)\11

R A I+ TANH 15

was aseqd inglead of the nomogram.

ey e A{nage 6 of reference) was used to find \i for TO = 1 year,

T ebie b fpage T oof reference) was used to find Un, which relates H to a
perve ettt Gf the population,

b e of exposure in years and H = noise induced hearing loss.

T e weaving logs was calcalated from averaging H for 500, 1000 and

e

ooty frequencies,

Pt opregents a get of Tables (see Tables 7 and 8) that

o et eseds of Bodifferent age groups for 9 percentile levels
e crvaaare somlitions. Consldering the 78 dBA group as non-
: e cadoabations are as follows:



TABLE 5

Frequency parameter )\ in H-function

- (from Robinson)
Audiometric B
frequency X (dB)
(k¥ z) To = 1 year

0.5 130.0

1 126, 5

2 120.0

3 114, 5

4 112.5

6 115, 5




TABLE 6

Percentile parameter u in H-function

(from Robinson)

Percentlle n u
"Sensltive ears"

i 13.8
2 12.1
3 11.1
5 9.8
7 8.7
Deoile 10 7.6
15 6.0
20 5.0
Quartile 25 4.0
50 31
40 15

Median 50 0
60 - 1.5
70 - 3.1
‘Quartile 75 - 4.0
80 ~ 5.0
85 - 6.0
Deoile 90 - 7.6
95 - 8.7
95 - 9.8
98 ~11 o1
99 * ~12.1
"Ropistant ears" -13.8

¢ Extrapolated.
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(1) Use Table 7 (ba of reference) and Table 8 (9 of reference) from Daughn's
data.

(2) NIPTS for specch was considered as the difference in hearing of a certain
percentile of people, who are exposed to a noise level greater than 80 dBA
minus the hearing level of that same percentile of people who are exposed
to only 80 dBA.

(3) Percentile levels were given in units of 10 percent only, The ¢ and 75
percentile points were obtained by averaging 20 and 30, and 70 anc} 80 per-
centile values, respectively.

(4) The data was given by age groups with 6 year differences. Linear inter-
polation was used where necessary to obtain exposures for 10, 20 and
40 years.

(5) HL values for 4000 Kz at 80, 85 and 90 dBA calculated from Baughn's
data by linear interpolation between the 78 and 86 dBA data points or the
86 and 92 dBA data points, Values at 95 dBA were obtained by linear
extrapolation from the 86 and 92 dBA points. NIPTS due to some exposure
level, e.g., 85 dBA, was calculated as the HL at 85 dBA minus the HL
at 78 dBA for the same percentile and age group.

6. Manipulation of Data. These values were manipulated and
simplified as follows: Tables 9, 10 and 11 were constructed by averaging
the NIPTS values of Table 2 over a 40 year lifetime (age 20 to age 60).
After the NIPTS values were averaged over time for various population
percentiles, the results were averaged over the total population. A graphic
method was used to calculate '""Average NIHL during 40 Years Exposure'.
The 0, 10, 20 and 40 year data points were plotted on graph paper. The area
under the curve drawn through these points was measured and then divided
by 40 to obtain the "average NIHL during 40 Years' Exposure.' A graphic
method in which the .9, .75, .5, .25, and .1 percentile points were plotted
was used to calculate '""Average Loss of Total Population During 40 Years of
Noise Exposure'. The area under the resultant curve was measured and
aormalized to obtain the desired value.

From this average, Table 12 was developed. 'Tables 13 and
14 come directly from the data of Table 2. Table 13 provides the expected
NIPTS after 10 years of noise exposure that will not be exceeded by 90 per-
cent of the population (.9 Percentile level). Table 14 depicts the maximum
NIPTS that will be encountered during a typical 40 year exposure which starts
at age 20. Normally this occurs at 60 years of age, but for 4000 Hz,
Passgchier-Vermeer's method shows that this occurs after both 10 and 40 vears
of rxposure time, while Baughn's data indicates that this occurs at the 10
year erxposure point,

The regulting NIPTS values of Tables 12, 13 and 14 are now
averaged over the three methods, This grand averape is presented in Fig-
ures 3 - 8. Figures 3, 4 and 5 compare the 3 different ways (Max NIPTS,
.9 percentile; NIPTS after 10 year exposure, .9 percentile; and average
NIPTS of total population during 40 years) of considering the data at three
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dBA

80

85

90

95

TABLE 9

Average NIPTS during 40 Years Exposure
1/3(.5, 1, 2 kHz)

Passchier-Vermcer
Robinson

Bauahn

Passchier-Vermeer
Robinson

Baughin

Passchier—-Verneer
Robinson

Baughn

Passchier-Verimeer
Robinson

Baughn

Population Percentiles ‘J/_X,Zi:affe’rotal
+9 - 75 .5 - 25 ) Population
0 0 0 0 0 N
2.0 1.3 .8 .4 o2 .9
0 0 0 0 0 0
.9 5 .2 o2 .1 .4
3.6 2.4 1.4 .8 «5 1.6
2.8 2.0 1.3 1.1 .9 1.6
3.0 2.3 1.6 1.4 1.2 1.9
5.5 3.2 2.1 1.2 .S 2.5
6.0 4.3 3.0 2.3 1.9 3.5
9.2 6.3 5.5 4.4 3.5 5.8
11.0 7.5 4.4 2.1 2.1 5.2
10.2 7.2 5.0 3.8 3.4 5.7




TABLE 10

Average NIPTS during 40 Years Exposu:c
1/4 (.5, 1, 2, 4 kHz)

N\

Population Percentiles Average
Loss ot Total
dBA .9 .75 .5 .25 .1 Population
Passchier-Vermeer 3.4 2.5 1.5 .2 0 1.4
80 "Robinson 3.6 2.3 1.5 .8 .6 1.7
Baughn .8 .7 .7 .6 .6 .7
Passchicr-Vermeer 5.1 4.0 2.9 1.6 .3 2.9
85 Robinson 6.3 4.2 2.7 1.6 1.0 3.2
Baughn 5.1 4.0 3.5 3.0 2.7 3.7

Passchier-Vermeer 8.1 6.9 5.7 4.3 3.0 5.7
90 Robinson 9.3 6.4 4.3 2.7 1.9 4.9

Baughn 8.8 7.2 6.0 4.9 4.3 6.3

Passchier-Vermeer 14.7 12.1 11.1 9.4 7.9 11.1
95 Robinson 15.8 11.7 7.7 5.3 3.6 8.5

Baughn 13.3 10.7 8.5 6.9 6.4 9.0




dBA

80

85

90

95

Average NIPTS during 40 Years Fxposure

Passchier-Vermeer
Robinson

Baughn

Passchier-vVermeer |

Robinson

Baughn

Passchiecr~-Vermeer
Robinson

Baughn

Passchier-Vermeer
Robinson

Baughn

TABLE 11

4000 H=z

Population Percentiles Averape
, Loss of Total
O .75 .5 .25 «1__ Population

13.8 9.9 6.0 1.0 0 5.5

8.7 5.6 3.5 2.2 1.4 4.2

3.4 3.0 2.9 2.5 2.4 3.0
17.8 14.4 11.0 6.0 1.0 10.6
14.2 9.6 6.4 4.0 2.9 7.4
11.9 10.2 10.1 8.9 8.2 10.0
23.6 20.8 18.0 13.2 8.4 17.0
21.6 16.2 11.1 7.3 4.8 12.0
17.3 15.9 14.9 12.9 11.6 14.7
31.4 29.7 28.0 24.5 21.0 26.9
30.4 24.2 27.6 12.1 8.3 18.3
22.8 21.2 19.1 16.4 15.3 19.0




TABLE 12

Average Loss of Total Population
during 40 Years of Exposure

Passchier-Vermeer
Robinson
Baughn

Average

Passchier-Vermeer
Robinson
Baughn

Average

Passchier-Verneer
Robinson
Baughn

Average

22

1/3 (.5, 1, 2 kHz)
75 80 §5 90 95
- 0 .4 1.9 5.8
- .9 1.6 2.5 5.2
- 0 1.6 3.5 5.7
.3 1.3 2.6 5.5

1/4 (.5, 1, 2, 4 kHz)
75 80 85 30 95
- 1.4 2.9 5.7 11.1
- 1.7 3.2 4.9 8.5
- i 3.7 6.3 9.0
1.2 3.2 5.6 9.5

4000 Ez.

75 80 85 90 95
- 5.5 10.6 17.0 26.9
- 4.2 7.4 12.0 16.3
- 3.0 10.0 14.7 19.0
4.2 9.3 14.6 21.6



Passchier-Vermeex
Robinson
Baughn

Average

Passchier-Vermeer
Robinson
Baughn

Average

Passchier-Vermeer
Robinson
Baurhn

Average

TABLE 13

Noise Induced Hearing Loss
90 Percentile Level - 10 Years

1/3 (.5, 1, 2 KkHz)
75 80 85 90 ‘95
0 0 .9 2.4 5.6
.8 1.5 2.8 4.2 8.1
0 0 2.5 5.5 9.6
.3 .5 2.1 4.0 7.8
1/4 (.5, 1, 2 & 4 kHz)

75 80 85 90 95
2.5 3.5 5.2 7.3 12.1
1.5 2.7 5.0 7.8 13.0
0 1.3 6.5 11.6 17.6
1.3 2.5 5.6 8.9 14.2
4000 Hz

75 80 85 90 95
10.0  13.8 17.8 23.6 31.4
3.6 6.6 11.6 18.8 27.7
0 5.3 18.6 30.1 41.2
4.5 8.6 16.0 24.0 33.4

24



TABLE 14
Maximum Hearing Loss from Noise .9 Percentile

1/3 (.5, 1, 2 kHz)

75 80 85 90 95
Passchier-Vermeer 0 0 1.1 4.5 11.6
Robinson 1.6 3.2 5.8 8.6 15.1
Bauaghn 0 0 3.9 7.3 15.9
Average ¢S 1.1 3.6 6.8 13.2
Worst Case Use Robinson's Data

1/4 (.5, 1, 2 & 4 kHz)

75 80 85 90 95
Passchier-Vermeer 1.9 3.5 5.2 9.5 15.3
Robinson - 3.0 5.6 9.5 13.8 19.6
Baughn 0 1.3 6.5 11.6 17.6
Average 1.6 3.5 7.1 11.6 17.5
Worst Case Use Robinson's Data

4000 Hz

75 80 85 80 95
Passchier-Vermeer 10.0* 13.8% 17.8* 23.6* 31.4%
Robinson 7.5 12.9 20.5 29.5 38.1
Baughn 0 5.3% 18.6% 30.1* 41.2*
Average 5.8 10.7 19.0 27.7 36.9
Worst Case 10.0 . 13.8 20.5 30.1 41.2

*This maximum value is for 10 years. (Otherwise the
maximum occurs at 40 years).
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selected audiometric frequencies, It is these sets of figures, along with a
set of Hearing Risk tables and one other table to be discussed later, that are
considered sufficient to select the permissible A-weighted SPL for the 8 hour
noise exposure. Before such a selection is made, however, certain other
observations should be considered in detail.

7. Considerations.

a) NIPTS at 4000 Hz may decline with exposure for the very
sensitive ears, while increasing for resistant ears. Figures 9, 10, 11 are
a plot of the Hearing Levels of Baughn's data for .9, .5, and .1 percentile
levels., Figure 12 is a plot of the difference between 85 dBA exposed groups
and 78 dBA exposed groups. As expected, during the firsl years of exposure
the sensitive ears (.9 percentile) show a large increase in NIPTS while che
resistant ears (. 1 percentile ) show little increase. After 40 years of ex-
posure, the situation is completely reversed. If only the effect on the sen-
gsitive ears is considered, the NIPTS for the noise resistant ears could be
improperly neglected.

It was for this reason that the ""average NIPTS during 40 years"
was calculated. For instance, using the results for Table 11 for 85 dBA,
Baughn's method gives approximately 12 dB average NIPTS for the sensitive
(.9) ears and approximately 8 dB average NIPTS for the resistant (. 1) ears.
Apparently the entire population, not just some super-sensitive individuals,
are significantly affected by noise during some part of their lifetime at the
4000 Hz audiometric frequency. Essentially, Table 11 was prepared to
show this effect.

One of the obvious ireasons for the decline of NIPTS is seen
from Figure 11. As the total loss of hearing increases, regardless of the
reason, the influence of noise diminishes as there is only so much hearing
to be lost. The unanswerable question that remains is ""'what causes such a
large hearing loss as evidenced by Baughnis (78 dRA) supposedly ncn-noise
exposed group? ' Is it aging, pathological conditions, non-occupational noise
exposure greater than 80 dBA, the fuct that 78 4BA may still be capable of
causing a veryv significant loss in sensitive ears, or some combination of
these factors? Figure 13 is a plot of Baughn's 78 dBA (. 9) population versus
the 1960-62 Public Health Survey (PHS) data. For the most part, Baughn's
78 dBA (.9) & ~up shows less hearing loss than the PHS group, until age 50,
at which point the two groups become equal. One can conclude that Baughn's
78 dBA (. 9) group does not differ significantly from the general populaticn,
Baughn did not screen for pathological conditions, so one would definitely
expect that such conditions would be an influence in both groups. The effect
of aging cannot be neglected. The rate of hearing loss for hoth the 78 dBA
ggroup and the PHS (. 9) group is approximately 1.5 dB/yr. Such a steep
increase does not occur fnr median hearing levels for 4000 Hz once a certain
age ig reached (such as 50-70 years), It may not, therefore, be so unlikelr
that for this sensitive 10 percent of the population, aging alone causes a very

w
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significant change even in the early years, These arguments are not brought
forth to prove that the rapid loas of hearing at 4000 Hz for this segment of the
population {8 not larrely Aur tc nolse exposure, but rather to emphasize the
converse; over-prote'ct'lng the population against noise exposure to prevent the
rapid rise in hearing loss at 4 Hz for 10 percent of the population may be
entirely futile, Such over-protection could easily come about if one made

the assumption that the 78 dBA is the niain cause of the large hearing losses
in the sensitive 10 percentile.

b) Selection of a standard deviation fcr sensitivity to hearing
loss. Figures 12 and 13 demonstrate the difficulty of coneidering only mean
aata at some exposure time and from these data estimating various percentile
levels by assuming a standard deviation. In order to predict Baughn's data,
the standard deviation must be constantly changed for increasing exposure
time, This emphasizes the care that must be taken if a noise limitation is
selected to protect 90 percent of the populatior instead of the median. The
90 percentile points can be srriously misestimated.

-8. Risk of Noise Relative to Hearing Level Exceeding a Predeter-

mined Level or Fence. Up to this point discussion of hearing
risk, as it relates to an increase of the numbers of individuals who show a
hearing loss greater than some fence value, has not been undertaken, The
use of hearing risk as it relates to fences has been used for some time.
One of the major drawbacks to the use of fences, however, is that a single
fence only considers or protects hearing of individuals whose hearing is al-
ready near the fence values. Since fences have customarily been set relative-
ly high with respect to the median hearing level, the hearing of the majority
of the population is not considered.

Simply stated, the object of the fence i8 not to protect the
excellent hearing from becoming just good, but the fair hearing from becom-
ing bad. The argument that the excellent hearing will automatically be pro-
tected if the fair hearing is protected may not be true. Figure 15 is such a
counter example. Thus the use of hearing risk should not be the only basis
for selecting a noise limit for hearing conservation. Nevertheless hearing
risk 18 one way to give meaning to NIPTS values and for this reason Tables
15 and 16 were prepared. Table 15 shows the hearing risk in percentage
as calculated by Robinson. The 87, 92 and 97 dBA values were taken direct-
ly from Robinson and the 80 dBA values were calculated using his method.
Table 16 shows the same data as calculated from Baughn's curves. A typical
curve from Baughn's data is shown in Figure 16. The data agree well only
if a 10 dB is added to each of Robinson's fence values. This, as proposed
by Robinson, will account for the fact that Robinson's data have been care-~
fully screened for pathological hearing losses while Baughn's data have not,.
Baughn's data, in this regard, will certainly be more typical of the normal
pupulation exposed to non-occupational noigse. Therefore, the 10 dB correc-
tion will be added to Robinson's fence values in this report,
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Robinnon's Method ST

Noise risx for populialion atl various ages £or expesure :
at constant NOLSC level cormencing at age 30, =

Fenee Noise RisK (t) at age
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(130) 22 25 35 40 S50 60 :
80 20 2 2 4 6 9 10 o
67 O 3 5 & 14 17 18
92 6 10 15 22 28 28
80 25 1 2 2 3 € 9 =
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9. Percent of the Population with more than a 5 dR NIPTS at
4000 Hz Versus ¥ Hour Noise Fxjosure J.evel. Since in general
the audivmetric frequency at 4000 Hz {s the most sensitive indicator of hear-
ing changes, a special table was derived to indicate the percentage of the
population expected to exceed a measurahle NIPTS (greater than 5 dB) for a
daily 5 hour nolse exposure of more than 40 years., The expecte« NIPTS

for each of the Sound Pressure levels was calvuiated or obtained graphically.
The NIPTS values of the three methodologies (Passchier-Vermeer, Baughn,
and Rubinson) were averaged for the various percentile points. These points
were plotted on probability paper and a line was drawn through them with a
French curve., The intersect point with the 5 dB NIPTS line gives the per-
cent of the population that will exceed a measgurable hearing change at that
expasure level, Table 1718 a summary of such data.

It must be emphasized that this method {8 approximate only
anc is very sensitive to errors in the basic data, To emphasize this vari-
ability Table 18 was constructed in the same way as Tavie 17 except each
individual methodology was used alone,

10. Selection of Limit for the ¥ Hour Day. Data have been presented
that should allow the setting of a maximum allowabie noise exposure (8 hour)
based on several congiderations, The considerations einphasized in this
report have Leen: (a) average NIPTS of total populationr during 40 vears,

(b) NTPTS not exceeaed by 90 percent of the population a! any time during

thelr exposure history, () jercent of the populatior wita a measurable hear-
ing change at 4000 Hz, (d) hearing risk as determined by a permissible hear-
ing loss or fence, If desired, other considerations can be developed from
the data. It is sugpested that any recommended noise exposure be accept-
able with respect to all selected considerations,

11. Criticism of Kryter's Method.

a) From Figure | it is obvious that there {3 a very large dis-
pariiy between the predictions of Kryter and that of other researcheras,
While Kryter may make some valid points, it is helieved that there are
enough basic errors or ircunsistencies in his methodology to make his re-
sulting predictions invalld., Therefore his NIPTS predictions were not con-
gidered in this document,

L) Faults and Incensistencies of Kryter's Method

(1) Kryter arrives at the conclusion that a non-noise ex-
posed population is that population that has not been cxposed to a continuous
& hour noise of 55 dBA. This is based on extrapolation from Baughn's Data
and the Public Health Survey of 1962, The faults of this method are:

{«) Baupghn's data are for 92, &6, and 78 dBA. From
just these 3 pointe which spar a range of 14 dB ounly It ia very questionable
that it is justifiable to extrapolate another 23 dB downward to determine
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Derivation of % of Population with pgreater than

TABLE 17

5dB NIPTS after 40 years exposare,
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Py 75 2.2 3.6 6,5 8.4 11,
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TABLY 18

Precent of Population with more than 5dB NIPTS versus L
¢

Individual Methods

I 72 75 S50 82 85
eq

@, > 5 dB NIPTS Y
4000 11x 4 15 44 9 92

Averayed
NIPTS nf
3 Methods

Passchier-Vermeer,

Unmuodified 14 28 50 ) 78
Uj
,(2 Passchier=-Verincer
o Straight Repression 0 1 21 50 15 I
- l.ine
E b
1:: Bu\lj_.l.d N/A N/A N/A 34 77
P
T
" Robinson 12 17 54 66 83
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where the threghold 8PL tha! causes NIPTS is located, Furtliermore, mont

of the three poiids do not even wlivn in a stranghl e, thus requiring the

extrapoiation he made by a sderies of complex curves {sec Figure 17),

(h) Kriyter uses two different reports, which proebably
have ditferent biases, to deterniae the "NIPTS Threshold. " Jn fact Baughn
adinits that Le had a svstenaiic error of o' least 5 dBBA and perhaps more in
hia absolute tiiresholds.  For ingltance TTS was o problem as Baughn had to
test people during working hours, The problems do not unduly jfeopardize

3
=

the validity of Bauchn's data when compared with itaelf uy at leas! some of the
biases will Le expected to cancel, But wien Baugin's dutc are campared to
other data, such differences will no! tend to canvel and must be fuliv con-

's T8 dBsa curves vessus age,
(Ficure 18}, 1t Can Le notea that tuey Jook very similar ex ept Baughn's

didered. l.ooking ai the DHS curves and Baughn

T& dBA curve is displaced upward by 10 dB AL Krvter woule attribule this
upward shift te the fact that the Th d3A exposure was still causing a sub-
stantial hearing loss, Bul plotted alsou in Figure I~ 18 tne mediar of baugh'.'s

pre-exposare audivpgrams of new 18 vear old emplovess, Note that even {or

this group, there is 8till an h dB variatton in te Publi '}ie-dh‘l. Survey data

n' Baughn's, This variation shows that there were indceed svstematic -
differences helween the studies, These diffrrences may have come from
audiometric techniques, differencesd in the nosualation of thiw midwent sran -
versus the naticen as a whole, or some othier suntle hias; however, it is ciear
tha: the Tk dR expasurce 8 not, a briori, tne causc of the 16 dB discrepancy

between Baughn's data ané the Public Healtt: Survey data.

(¢) Inorder todemonsirate tne sensitivity of Krvter's
method tc sysiematiic error belween the two sets >f data, consider that the
v 10 dR too high.
respect to Krvter's NITTS
threshold prediction, Sec Fi_ure 17 for a typioal correcticn if Baughn's data
are reduced by 10 dB. Su:h a 10 dB redut i now brings the "NIPTS Thresg-

hearing levels of Baupghn's subiects were svston:
This 10 dB error has sivnificant implcations o

hold’  up to 75-80 dBA with far less exirapolation. This puts Krvter more in
line withi other regcarchers, 1t sthouid also be appavent tiimt the yain i "W S
Threshold ' was 20-¢5 dB for a chanpe of onny 10 3B in Baught's raw catla.
This indicates that with an arbitrary fence of so many diB, the regults ovblainec
are very scensitive to the absolute thresholds of the data used. One on'v hag

to look at the literatyre tu see bow often a 10 dB or vreater difference hing
occurred belween reseiar. ters as toe wiat i8 the median th reshold level. "The
10 dB difference between tiie 1951 ANSI standara and the 1909y ANS] standard

for the speecl irequencics §s an obhvions example It should be noted that

even if the gystematic diftrrence 10 Bauch:'s data was as small as 5 dB. wiich
is the minimum amount of error predicted hy Baughi, Vorvter's methoduliop
would stil! predict tha! the threshold of the effect is at 65-70 dBA. no! 35 dBA.
Therefore, even if one would agree with Foryvter that Lis miethodolopy is adequate,
one must correct his threghoid value of 55 dBA by at least 10-15 dRA and
vrobably niuch more,
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() O Fizure 1Y, Krvter's reconnuiended presbhyacusis

curves are plotted aoong with Robinson'ts Nate that Robingon's values are
Letow Kryvter's  Ye! Robisson has tound 0ol NIPTE fur speech (005, 1 and
2 kllz) eszenitally disappears for fess than 75 dB3A erpusure,. This does

)
rot G with Krevier's assunaption thel! 75 0RA 18 vausing a very significant
81140 i Pearin,

(3) Another ;nooosistency of Kryvter's NIP1 S predictions
can be geen if these values are cempared to the actuul hearing levels of

Bausin's worae vs Pigare 19 s yu i o con parison.  Scnehow Krvter has
ta e Baucss's data and moanipulazed Uie dota goch that the predicted NPT S

is the sane an e Letal eaadn: toss of these individuale.  Since hearing
loss consists of Lot's NIPT S and aging, the only way to predict such a large
value of NIDTS, as3 ] ses 30 ds teo e ot vt bearing will 1ol change with
ave, Phisds clearty wrong, of vourse, et oven Keyvter no i ts 17 AR loss

from presbyvacusia al wpe 63

12, D-Virsus A-Weicntin
of 2 D-weivhiting scale instead of an A-weiplting
D"‘W(‘i__‘

muore iikely to cause NIPTS at thc super-sensitive 4000 Hz audicamelric

of Freguency, AU first plance, the use
- ——— ————

v
-

AN

Niphit seen: attractive The

vin, added apprusimataoly a e db peneliv o the frequercies that are

frequency. If une's goal 3s to protect thie 3, 4 and o kliz {requencies equally
with the lawer irequencios of 0,5, U and & vlie, ihern periaps the Dawerghting
would be desgireble, However, D-weighting aiso en.pi:asizes the frequencies
above 600 Hz by 6-9 dB, and thus would tend to give these high frequencies
more influence than they pruperly deserve, ‘The very iow frequencies are

t
1 ard 2 FHz i1s slightly deemphasized. Qualitatively, the argument reduces

'3

to this: if one desires that the risi of earing loss should be equal for the

aiso emptlasgized more. Thus protectiorn of the spec i frequencies of 0, 5

speech fr crcies 0of 0.5, 1 and 2 kl{z ard for the frequency of 4 kliz, then
the D-scar  av b~ a siighdiy better approximatior. If one lg willing to
allow 5 dls more loss at 4 khz than at the speech frequercies (0.5, 1 and 2)

e dILA g tha liattawe

Rt e o
O Lnpovkan

R
Taviol

. T hie peelal {eviing armmong mMost

atars te that the frequescies of 005, 1 and 2 are sonewhatl niord
egsential; thevaipre it i recommenced that the A-scale be used for purpuses
of hearing cunservation. The D-scale can be used to predict the effects of
noige on hearing, but the proper adiustinents must be made to provide the
same gafety to the lownr speech frequencies,

13, Daurativn: of Lhe Expusure.

{1} Less than 8 hours. The relationships betweer. NIPTS and
SPI. discussed up "o this peint nave bheern bhaged on an ¥ hour working day ex-
posure,  The auditury system can tolerate higher SPPLs proviged that the
expusurc time is ghorter (b). Tt is not entirely ¢lear, but it {3 suspecied

that the SPI, should be reduced if the car 15 exposed to nolse for durationa

grrater than 3 hours,
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1he decision as how to relate SPL to durdation in order to
entain eguaily noniods noise exposure depends upon how the auditory damage
progresses with time,  Three popular theories are equal energy (ISO stand-

ard o exarsple), equal pressure (Kryvier for example) or & compromise
between equal encrpy ana equal pressure (NJOSH for examiple}, The equal
enerey rule prediots an equal hazard if the SPILLis reduced 3 dB for cach
doubling of duratnion (SPIL varies inversely as 10 log t), The equal pressure B
rule dictates that thie SIPLL must he reauced o dB3 for each doubling of time
(SPIl. varies inverselv as 20 loe t). ‘1he NIOSH compromise suggests that the
SP i, should be reduced by & ¢l for each doubling of time (SPI. varies inverse-

i

)

Iv o as e v 1o ) The selection of une rule over another i8 not a trivial
queslion. For instance, congiacering the ¥ heour exposure as the basgeline,

1

equal pressure cllows the permissible SPL for a cne-mninute expnsure to be =

27 dB histver than that aliowed for equal energy,

There ts a lack of unequivoca NIPTS data that would sug-
gest which rule to use, Jherefore, equal I'TS has been the only miethod for
assessing equal hazard, This is why a conaiderable effort was given in the
main criteria document to the relationship of TTS (via animal and human
studies) to NIPTS.

Experimental results have not yet comnpleiely clarified the
prouiem.  Spieth and ] rittipoe (7) indicate that the equal pressure rule pro-
vides vqual TT3 fur hiel: level, short duranon exposures. Ward (6) has
found that equal e¢nergy Lest predicted an equal amiount of TTS for chinchilla

during 4 exposure ( onditions.

Some gsense can be made out of the apparent contradictions
if the CHARA curves are studied. Fiupure 20 is a replot of the CHABA
curves that relate equal TTS at various Sound Pressure levels (SPJ.), dura-
tions an¢ audivmetric {requencies. All curvee, only for thepurposes of com-
parison, were related to the same SPI. value for the & hour duration. Vari-
ous achemes for relating SPL to duration are ihen plotted. The results show
two main points, These are, (1) No simple function of loz t best matches
thie CHADBA values fur ali time durations and (£) the selection of the function
usei varics with the audiomietric frequency that is to be protected. At this
time, 10 is not sugpested that a function other than the log t be used since it
wouid effectively eliminate the ability to provide dosimeters and perhaps
unduly complicate the gituation, The use of equal! noxious TTS values is not
that firmly secure to warrant such refinements. Spieth and Trittipoe results
can be explained, however, since the durations with which they were con-
cerned were short. For exposures of 16 minutes and less, TTS at 4 kHsu
adqoeg start to follow the equal pressure law,

Uning Figure 20 ag a basis, the decision as to which rule
te use reduces to which audiometric frequencies vrill he protected. If 4000
11z i6 to he protected, ther: the equal enerpy rule will be the beat approxima-
tion. If unly the speech frequencies of 0.5, 1 and 2 kHz are to be protected,
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tihe NIOSH ruie of & dD  hanpe in SPIL for each doubling of time i8 a very

puod compronse. Fither rule will averprotect for short timne durations

and as such will add an additional safety factor into any standard for hearing
corservation. It 3bouid he noted that piven an exposure level and duration,
Ficure 29 varn e used toodirectly predict the relation between such a condi-
tion and the d33A SPLL of & Lours duration that will cause the same amount of
TTYS (or therefore NIPTS), The usefulness of such a figure is limited, how-
ever, as tyvpicalle o total daily neise exposure does not occur in such a simple
marner, Therefore, some approvimation schieme such as equal energy rmuat
bLe wused, Correcto o taitore for such variables as the 1ntermittency of the

nerse are el requred,
{2} Duralicna more than S tourys., lioere 18 a roticeable lack
CUoactuas NI

s rnowsn s based upon TS data.

S data o Za nour exnonure situations, therefore miost of what

Sttt el al. (9) expueed prouus of men for 25 hours to a
t B }
70 1z tone or 4 300 Huz tane at 113 di3 SPI.. In penrneral 1 TS ranged {rom
0 to 20 dB. Yusanoy e al. {(16) simulated a 249 Lour npace mission with an
|4

-

ambient noise of about 75 ¢B {(not ennugi detalls are given to convert to dBA
but o rough estimate would be 80 dBA) and found a 1 TS of 10 to 20 dB with
recs cerye i bed onongrs Miiis (11) exnesed nimselfl to a 33 40 STL s‘.gnal
for g 30 hours and measured 25-27 R T'18S whict. required 2-4 days for
totad recovery. Melnick (12) exposed 2 jeces 1or 16 hours to the 300-600
Hz octave band 2t 9% D SPI and feund the rnaximium TTS to be 15-20 4B.
Recovery was complete within 20 hours past exposure. The Environmental
Protection Agency (EPA) ie currentiv gponscring research at the Aerospace
Medival Regearch Laboeratory {AMRIL) to further investigate this question
with human anbilectg, At Uns thine, howvever, there is no evidence that the

il o) L i

effrc” of continuous notse is more noxious that what wovld be predicted by
uge of the lovarithim of e, In fact, several investigators (Mills, Melnick)
have soovegted tha! TT8 rea: hes Hinaiting value that may occur between 16-

4% hours., Studies accomplistea on animals (Mills and Talo (13); Melnick
(12); and Carder and M:iler, (14) all predict that TTS will reach an asymptote
or a limiting veine, Fxposures have been for as lonp a8 three weeks to three
monthg, with the JTS reaching its Himit within the {ivst day (Carder and
Miltler {14) ¢:ii Mitls (0 Press)). What is not so clear is the question,

Doues lLearing damaze stob when guch o imiting value that is8 independent of

duratren is reached” Bused on Carder and Miller's animal findings that
ginilar recoverirg curves nocurred once the asyrnptotic values were reached,

the angwer appears to bhe a gualified ves if the TUS is less than 20~30 dB.
Recent worry net vt publiahed (Mills (I Press)) indicates that for greater TTS

thar 36 aid, s b recovery may chrange with, exposure time, Since TTS will
nocmaily be less thar 30 JB only for exposures less than 85 dBA, this 1imit
will he conadered valid only for exposures less than 85 dRA. ‘T'he signifi- 5
cance u! 8uch a {tmit 18 that tnere may ve ittle difference between a con- '

tinuous lifetinne exposure {24 hours exposure dally with no quiet prriods) or
aovarec, U tonew, the

Te St v T sty b bt o alh el

thea oo ely to ean either case, We
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wili continue to use {t in *his contexl for exccaures less than 85 dBA with
the iustification that the asymptotic behavior of TTS allows such an approxl-
mation to be made.

The equal energy rule would predict that the 24 hour ex-
pusure should be 5 aB less tiian the b hour exposure. The NIOSH rule
would predict an 8 dR difference. The animal resuits of Carder and M. ler
show better correlation with the NIOSH rule. The results of Melnick (1972)
on humans show that the equal energy hypothesis gives a better correlation
(it is even sliphtly conservative).

Preliminary results at AMRIL have nol shown the necessity
of deviating frum the equal enerpy concept., Therefore a © dB reduaction in
dBA is considercd the Lest approximation at this time for extrapolating
b hour data to 24 hours.

If the SFI. is bhelow the value whicl causes measurable
TTS at 8 hours, then there is no eviden: ¢ that there will be measurable

TTS a: 24 hours.

14, Estimation of the Accuracy in Delating NI1PTS to Noise Fxposure,

a) Underes!imation Errcrs.
(1) Werst case of three methods,

Averaging the NIP1S predictions over the three methods
will provide in some cases lower NIPTS predictions than one method by {tself.
In order to estimate the worst conceivable situation, *he worst case values
are included in Table 14. This table already consists of the muximum NIPTS
expected for the .9 percentile level duriny some part of a 20 year exposure
lifetime. Therefore selecting cthe hiphest pledicted NIPTS value of the three
methods should set an approxiimnate upper bound on the possible estimarion
of NIPTS. That such an upper bound varies at the maximum by only 4 dBR
from the average prcvides additional contidence that any prediction erroue
in the average data presented are not lirel, to underestimate the risk of
noige by moure than 4 a.

(2) Percentile cstimates,

The estimation of NIPTS for some percentile has been
accomplished by subtracting the Learinp level of that percentile of the non-
noise exposed group from the hearing level of the respective percentile of the
noise exposged group. The .9 percentile group is thus that group whose
hearing level is worse than 90 percent of the population. If the .9 percentile
point moves 10 dB because of noise exposure, then it is considered that the
.2 per : cup had NIPTS of 10 dB. However, thia 10 dR shift could

ed by some of the exposed ears 3hifting from a . 1 percentile
hearing level to the . 9 percentile hearing levels hefore the noise exposure,
then these exposed ears would have received a true NIPTS of 30 dB. Un-
doubiably there are a few individuals wino have this occur., There 18 no way



to accoun! for such tnd:vidual suscentability and it must be emphasized that
all estimates are tor statistival groups of the ponduiation, nct individuals.
Changes in tie .9 percentile hearing level is still considered the best indica-
tor of the true NIPTS not exceeded by 90 percent of the population, however,
for two reasons.  Pirst, the (9 percentile in a nois v situation nermally

dues exhibit the greatest shift when exposed to noise. Apparently the people
that make up this preup ace thoge most sensitive to the noise exposure.
Second, changes in the (9 percentile hearing level ghould be considered
more sipnificant in that the hearing of this ¢ roup is already worsz than 9C
percent of the population. A ghift in this percentiie point i8 thus liable to

Lave more significance than a shift in the | 1 percentile point.

It can be noted that the average NIPTS over 40 years
¢f exposure (ircumvyents this problem. The errors introduced in saying that
93 percent of the poupulation will have less NIPTS than some value X when
tins NIPTS value was ¢blained by cianges in the . @ percentile hearing level
arc éifficult to estimate, If the chanpes in the , 9 percentile hearing level

are small, then one can reasonably expect that the error will be gmall,
But as gtated earlier, a belter way to look at this problem is to consider -
that the 9 percentile hearine level changes are the most important measure.
, we will net unduly worry about this error,

st ol s

b) Overestimation Errors,
(1) ""Leas! effect'" of three methods.

Averaging over the three methods will also provide
higher NIPTS predictions than some one method alone. Similiar to the
worst case discussed previously, the maximum difference between a single
method and the average is small. In fact this difference is < 2 dB for the
speech frequrncies (either 1/3 (6.5, 1, 2 kHz) or 1/4 (0.5, 1, 2, 4 kHz)
and < 6 dB for 4000 liz.

(2) Bias iatroduced in manipulation cf the basic data.

Figure 21 shows how Passchier-Vermeer used the
data available to her for NIPTS at 4000 Hz. On this figure a curved line is
used to connect the data points represented, One criticism of her work is
that a linear least squares regreseion line could have been used just as well,
As can be seen in Figure 2], a linear regression line will predict that the
median NIPTS thresheld is at 80 dBA, not 7 or & dB lower as would be ex-
pevted by extrapolating Passchier-Vermeer's existing curve. It can only
be left up to individual judgement as to which approach is correct. Using
a lincar regression line, the NIPTS (.9 percentile) would be expected to be
0 dB for 75 dBA (% hour) exposurce and % ¢B for an 80 dBA (8 hour)exposure.
This compares to a NIPTS (. 9) of 10 dB for 75 dBA and 13, & for 80 dBA.

At B8 dRA eithor approach predicta the eama amount of NIPTE Therefore

..... jo3e - e * -

the greatest possibility of error at the 4009 Hz audiomelric frequency is :
below 85 dBA, The avernge of che three jnetheds pruduced 6 ¢B for 75 dBA, o

56 -




MEDIAN AND MEAN HEARING LOSS CAUSED BY EXPOSURE TO NOISE
FOR AT LEAST 10 YEARS, AS A FUNCT/\ON OF SCUND LEVEL.
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g0 the masimuin error ab oo dBA s ¢ db. tdbhewise, U cat be whow: that at
PO dHA tUns possible error iy 3 dR. Note that the magiitude of tlese errors
{s the game as was oblained by looking at the "lcast effect” of the three

e Do s

¢) Tnosummiary, the 4 kilz and 09 percentile) data presented
it. Tanle 17 can reasonanhie he considered acvurate within a range of 444 dB
ard -6 dB (or muore simply ¢+ 5 dB) of the values wiven as long as the I,e
rauge under consideration is between 70 and 90 dBA,

id. Requireiment for "Quict”

Recent wors hy Ward (15) has shown that the culet intervals bet-
ween hiph intensity noige~burs!s must he helow €0 dB SPIL for the octave
band centered at 4090 Hz if rec wvery from Temporar.s 7 hreshold Shift (T18)
produced is (o be independent of the quict period SPJI.. Ward suppests
55 4 SPIL as the puint where the Veffe: tive gquiet” niiphit beo Assuming thes
that (1) TTS recovere from o Q0 dRA 18 hour) ocoupational exposere alsce
reguires this same level of ifective quiet for some part of the It hours
between the expusure tne following: dav, and (2) total TTS recovery is impor-
tant 1n order to prevent 718 from Hhecomine NIPTS, noise exposure shou'ld
be controlied in order to reasconabiy insure an effective quiet of 55 dBR SPI.
at the - 000 Hz oitave band (approximateiy 62-65 dBA). The population
oxp
will he guaranteed by such control the availability of a quiet period of leds

P
=

ged 1o TTS produding soury «5 {(Luth ullupativial and nun-vecupational)
than n0 ¢I3A.  Thatl suchi a quiet period s reaily requircd {s not ansorutely
proven, of cutrse, bul there is enount evidence to sugeest at this time that

this approach 18 advisdabile,

IIl. SUMMARY

Selecuion of a permigeibic 24 hour exposure will Le 5 dI3 below the
permissible % hour exposure $P1. it equal en.rpy 18 to be used. Table 1?
Jummarizes ne cflects, as baseo o . the reu: exposure, &Y expofures of
either 5 or 24 hours for differe:nt SPl.s. The expected absolute error is
eatimated to be well within 5 dB for the NIPTS values predicted. For Hear-
ing Risk, a fence of 25 dB (1964 ISO) is used. Baughi's and Robinson's
Hearing Risk values are averaged. For the 85 and 930 dBA (> hour) exposure
cenditions, the resulting average {8 within 4 3 percentape points of Hear-
ing Risk predicted by ecither methiod, For an &0 dDBA . ondition, Robinson's

-

estimate (10 percent) and B uphn's estimate (U pereent) were averaged to
obtain 5 percent, While theee values mignt seem rather diverven., it is
noteworthy that NIOS!] predicted 3 percent ‘or this level. The Hearing Risk
at 60 years of age wayg used. Hearing Risks at younger ages are less than
these values {(see Tables 15 and 1h).

)
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Mde 17 Summor v of offocts oxpected o continuous nolse
exposere of 8 hours to the levels stated.

-
i

75 dBA (70 dBA for_gd hrs)

Specch (.5, 1, 2) Specch (.5, 1, 2, 4) 4K

Max NIPTS (.9) 1 dB 2 dB 6 dB

NIFTS at 19 vr (.9) 0 1 S
Averaqe L1PTS 0 0 b
Max Hcaring Rish* N/A N/A N/A

80 dBA (75 dBA for 24 hrs)

Spcech (.5, 1, 2) Specech (.S, 1, 2, 4) 4K
Max NWIPTS (.9) 1l dB 4 4B 11 dB
NIFTS at 10 vr (.9) 1 3 9
Averane NIPTE 0 1 4
Max Hcaring Risk 5% N/A N/A

Speech (.5, 1. 2) Speech (.5, 1, 2, 4) 1K
{ax NIPTS (.9) 4 dB 7 dB 19 4B
NIPTS at 10 yr (.9) 2 6 16
Averade WIPTS 1 3 S
Max Hearino RiIgk* 124 N/A N/A
90 dBA (85 dBA for 74 hrs)
Spqcch (.5, 1, 2) Spcech (.5, 1, 2, 4) 4K

tax LIPS {.9) 7 dB 12 4B 28 dam
NIPTS ot 19 vy (L9) 4 9 24
Averagns NIPTO 3 6 15
Max Hearing Rishk®* 22.3% N/A N/A

* 25 dbs 150 Foenco

59
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PN CONCILUSIONS
The matin purposer for preparing this report were twofald,

{i1) The first purpose was to resolve the question of what and/or whose
cata should be used (v depict the relationship betweern loss of hearing sensi-
tivity and noise. The question was resolved by using three leading predictive
miethodologies and averaging thic results. This averaying has been criticixed
by some as unscientific. The argument ig that cne should pick the most
ecientifically sound method and use it alone, But the problem then remains
of how to selec! thie single best n:ethod. Averaping the three methods avoids
such a selection. Bu: >ven more {mportant, averaginy the three methods
prevents the possibility of selectiny the worst methiod. Therefore, the

averaging technique was vonsidered aa the best way to handie the problem
of data selection.

(2) The second purpose of thls suppienment wue to discuss the method-
ology of Kryter (lb6). Criticism of Krvter's paper ig provided by several
reviewers in the same {ssue of the Juurnal of the Acoustical Socletv of
America. At this lime there are 100 many baslic incongistenclies in Kryter's
method for his results to be included in this report.
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