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PREFACE

The Biodynamics and Bionicc Division of the Aerospace Medical Re-
cearch Laboratory was given the responsibilityunder an Interagency Agree-
ment wlth the Environmental Protection Agency, to develop a document which

would serve as a basic for limiting noise for purposes of hearing conserva-

tion. The preparation of thic document was accomplished by the University
of Dayton Research Institute(UDRI) under Contract F33615-72-C-140Z.

The Aerospace Medical Research Laboratory effortsin s_*pportof this pro-
ject were included under Project 7231-03-I6, "Auditory Responses to Acous-

ticalEnergy Experienced in Air Force Activities."

In order to resolve certain issues that developed during preparation of

the primary document, the material of this cupport4ng document was dev_.lop-
ed. This document does not cover all facets ofthe relations between hear-

ing and noise exposurej and should be used only in conjunction with the

primary document "A Basic for Limiting Noise Exposure for Hear|ng Con-
servation" (AMRL-TR-73-90) (EPA-550/9-73-001-A).

Acknowledgement is made of the assistance provided by Dr. H.E. yon

Gierke, D_. C. %_r.Nixon and Capt. David Krantz of the Biodynarnlcs and
Bionics Division.
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PREDICTION OF NIPTS DUE TO CONTINUOUS NOISE EXPOSURE

3[. INTRODUCTION

Th_s report was written to support certain parts of the criteria document,

"A Basis for Limiting Noise Exposure for Hearing Conservation". Specifically,

several differentpredictive methods are presented that estimate the effects

of noise on hearing. The predictive results will then be manipulated until

they are reduced to a format that allows a basle for administratively proposing
a specific noise limit.

This report relies on the main document (AMRL-TR-73-90) for defini-
tion of terms, arguments concerning impulsive noise, relationships between
Temporary Threshold Shifts (TTS) and Noise Induced Permanent Threshold
S'hlft(NIPTS), etc.

Method of Attack. With respect to NLPTS, the duration, spectrum and

intensityof the noise exposure, the sensitivityof the individual, and the ]Ife-

time noise exposure history of the Indlvidual are all important parameters.

With this many parameters, itispredictable 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 itis not surprising that a resulting jumble of noise limit-

ing criteria will develop. The intentof this supplement is not to be inter-

pret what constitutes a significanthearing loss untilsuch interpretations are

required in order to suggest a recommended limlt. Therefore, major em-

phasis will be placed on the relationship of NqPTS to noise for various popu-

lationpercentiles.

II. RELATION OF NOISE TO HEARING LOSS

A. Relation of Noise to Hearin_ Lo_s for Constant SImL for 8 Hour
Working Day

1. Exposure SituationofData Base. This situationis the basis
of much of the human data with respect to actual hearing loss. Therefore it

is this situationthat by necessity anchors any criterion which will relate
hearing loss to noise. Once thispoint is selected, exposure duration is then

handled such that shorter or longer exposures are expected tobe as noxious

as the 8 hour exposure. ?.'he 8 hour permissible exposure point, therefore,
must be set wlth great care. Since this is the heart of the report, a con,id-

stable amount of detallwill be presented thatwill hopefully allow eelection

of permisslble noise exposure for an 8 hour day.

1



2. Selection of Data Base. Various researchers have made an

attempt to develop a predlctlve relationship between noise exposure in the

8 hour working day and the resulting hearing losses. The relatlonshlps were

investigated and elti_er 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, l and 2 kHz) and the audlometric frequency
of 4 kHz. The methods of Passchler-Vermeer, Robinson and Baughn satisfy
these restrictions,

Passchier-Vermeer's method is attractive in that it correlates

the data nf many different reports. Inclusion of her method thus provides a
rather broad data base {see Table 1 for a summary of her sources). A weak-
ness of her method is that for much of her data base only the 2,5, median,
and 75 percentile levels of the population were provided.

Robinsonls method provides one mathematical relationship {the
hyperbolic tangent) which is adjusted for the audiometric frequencies con-
sidered and the percentile levels used. The methodls strsngth 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 difficult to visualize how the hyperbolic
tangent could be a best approximation to NIPTS for all frequencies and condi-
tions. Nevertheless, Robinson's methodology 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. At has also been used as

the basis for the ISO standard. Its weakness, as typical with many industrial
studies, is that some residual TTS will have been measured since an occasion

only 20 minutes 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 78dBA 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 (Robtnsonts,
Passchier-Verrneer'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 g, speak for themselves. In
general, there are not large {greater than )0 dB) differences between the

three methods. Most differences are less than 5 dB. For this reason, all
three methods were used to derive predicted values of NIPTS. The final
prediction is the average of the NIPTS of each method; and, as a consequence,

should give a final result that is not unduly influenced by the weakness of any
Mingle method.
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LEGISLATIVE HISTORY

Pursuantq:o_e_tion 5(a)(I), EPA developed and published oll July 27, 1973, criteria
reflecting:

•. ,tile scientific knowledge most useftll in indicating the kind and extent
of all identifiable effects on tile public health or welfare which may be
expected from differing quantities and qualities of noise.

Under Section 5(a)( I ), EPA was required to provide scientific data that, in its judgement,

was most appropriate to characterize noise effects.

The present "levels information" document is required by Section 5(a)(2). which calls
for EPA to publish,

•..information on the levels of environmental noise the attainment and
maintenance of which in defined areas under various conditions are requi-
site to protect the public health and welfare with an adequate margin of
safety.

The present document, and its approach to identifying noise levels based on cumu-
lative noise exposure is in response to the expressed intent of the Congress that the Agency
develop sucl_,a methodology. The EPA Report to tile President and Congress, under Title
IV, PL 91-604, contained considerable material on the various schemes for measuring and

evaluating community noise response, and it contained a recommendation that the Federal
government should make an assessment of the large number of varying systems, with a goal
of "standardization, simplification, and interchangeabdity of data",

The need for such action was the subject of considerable Congressional interest in the
hearings on tile various noise control hills, which finally resulted in enactment of the Noise
Control Act of 1972. The concept underlying this present document can be better apprec-

iated from the following pertinent elements of the legislative history of the Act,

In the course of tile hearings before the Subcommittee on Public Health and Environ-
ment of the Committee on Interstate _nd Foreign Commerce, House of Representatives

("Noise Control" HR Serial 92-30), the subject of the relation of physical noise measure-
ments to human response was given considerable attention, The Committee, in reporting

the bill (House of Representatives Report No. 92-842, Noise Control Act of 1972), stated
the following on this matter:

The Committee notes that most of the information relating to noise
-- exposures was concerned with specific sources, rather than typical

m_



[['ABLE 1

Work Inclnded In Passchier=Vermeerls (1968) Analysis

W. Burns, R. Hinchcliffe, T.S. Littler,

An exploratory study of hearing loss and noise exposure in textile
workers.

The Ann. of Occ. Hyg. 7 (1964) 323-333,

R. Gallo, A. Glorig,

P.T.S. changes produced by noise exposure and aging

Am. Ind. Hyg, Ass. Journal 2__5(1964) 237-245.

The relations of hearing loss to noise exposure

A Report b),subcommittee Z 2-I-x-2 (1954) 34.

N. E. Rosemvinkel, U.C. Stewart,

The relationship of Hearing Loss to Steady-State Nolsc Exposure
Am. Ind. Hyg. Ass. Quart. I_8, (1957) 227-230,

J. Nixon, A, Glorig,
Noise Induced P.T.S. at 2000 and 4000 Hz.

J.A.S.A. 3.,/3(i96l) 904-913.

W. Taylor, $. Pearson, A. Mair, W. Burns,

Study on noise and hearing in Jute weaving

J.A.S.A. 3_/7(1964) 113-120.

B. Kylin,

T. T.S. and auditory trauma following exposure to steady-state noise

! Acta Oto-Laryng. Suppl. 152 (1960),

F.v. Laar_

Results of audiornetrie research at some hundreds ofpersons, working
in differentDutch factories

Publication: A.G./S.A. C 23 ofN. I.P.G.- TNO,

A. Spoor,

Presbyacusis values in relation to noise-induced hearing loss
Int. Aud. 6 (1967)48-57,

C._V. Kosten and G. 3_.van Os,

Commltnlty reaction criteria for external noises
I The Control of Noise, NPL-Symposion no. 12, P. 373-382, HMSO

1962.
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TABLE 2c

Predicted NqPTS for 85 dBA

10 year 20 Year 40 Year
3.9

._N 90 ,9 2,8 2.5 1,0 4,1 3,3 1.1 5.8

_ 75 .5 1.8 1.8 .6 2,5 2,3 ,7 5,8 2.7
_'.'_ 50 .1 1.1 1. Z .2 1.0 1.5 .3 2.3 1,9

" 25 ,1 .6 .9 .2 .9 1.3 .3 1.4 1.5
10 0.0 .d .8 .1 .6 1.0 .2 .8 1.2

90 5.2 5,0 6.5 5.1 7.0 6.1 5,2 9.5 3.7
75 4,0 3,3 4.7 4.0 4,7 5,1 4°1 6,5 3,3

_o_ Z, 9 2,9 4,4 3,0 4,2 3.3
_..: 5o 2.8 2.0 3.625 1.5 1.2 2.7 1,6 1,8 3.7 1,7 2.6 3,5

"_ 10 .2 .8 1.9 .3 1.1 2.9 .4 1.6 3.6

90 2.7 4.9 3.0 7.0 3.4 9.9
75 1.5 3i 1.o 4.6 2.2 6.6
50 .3 1.9 .6 z.8 1.0 4.0

_l z5 .z 1.1 ,5 1.7 ._ .,.4
10 .1 ,7 .4 1.0 .8 1.5

90 17.5 11.6 18.6 1:/.8 15.7 14.5 17,8 20.5 3.2
75 14.4 7.8 13.5 14,4 10.9 13.7 14.4 14.8 5.3
50 11,0 4.9 I0,8 11.0 6.9 13.1 11o0 9.8 7.6

_1 25 6.0 2.9 8.0 6.0 4.3 10.8 6.0 6.2 9.7
10 1.,0 1,9 5.2 1,0 2.7 8,7 100 4.0 10,7

90, 10,5 8.4 10.5 11.6 10,2 15,7
75 9.2 5.5 9,2 7,8 8,9 10,9

_J 50 7.9 3.4 7.9 4.9 7,6 6.925 4.1 2.0 4.1 2.9 3,8 4.3
10 ,3 1.3 ,3 1.9 0,0 2,7

90 3.9 3.9 3.9 - -
75 2.7 2.7 2,5 -

_1 50 1.5 1.5 1.5
....... : 25 1.5 i.5 1,3

10 1:5 1.5 1.3

6
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TABLE 2f

Predicted NIPTS for 90 dBA

• _ ,n _ -_ O _
_ 2 _ ° ° _

40 year
10 year 20 year

•_ 90 2.4 4.2 1.0 3.2 5.1 10.6 4.5 8.6 13.3
¢u 75 1.6 2.4 4.3 2.4 3.1 8.0 3.8 5.4 13.0

5.0 3. " 3.5 6.3
50 .8 1.5 4.3 1.6 2.0

25 .6 1.0 5.3 1.4 I.I 2.0 2.8 Z. 1 2.6< 10 .5 .8 1.3 1.2 .8 1.0 2,5 1.4 1.3

90 7.3 7.8 8.3 9.8 9.5 13.8

_u 75 6.4 5.1 - 7.0 6.0 - 8.2 9.8
50 5.1 3.3 5.7 4.8 6.9 b.7

_'_ 25 3.7 2.1 4.3 2.8 5.5 4.3

I0 2.5 1.5 2.9 1.9 4.1 2.7

90 6.8 8.8 -I.0 9.2 18.2 14.0 13.4 16.4 3n:0
75 4.6 5.8 4.0 7.0 8.3 16.0 11.2 11.5 27.0

so z.4 5.6 4.0 4.8 5.2 9.0 9.0 7.4 12.0
_I zs 1.6 2.1 3.0 4.0 3.1 8.0 8.2 4.6 4.0

10 .8 1.4 0 3.2 2.0 2.0 7.4 2.9 5.0

90 23.6 18.8 5.0 23.6 24.0 26.0 23.6 29.5 -I0.0

70 20.8 13.4 11,0 20.8 17.8 24.0 Zl. 3 22.9 14.0
50 18.0 8.7 g,o 18.0 12.1 zo.o 18.8 16.3 zo.o

_l 25 13.2 5,5 3.0 13.2 7.8 15.0 13.7 10.9 7.0

10 8.4 3.5 1.0 8.4 5.1 13.0 8.4 7.3 5.0

90 18.3 14.2 -8.0 10.3 18.8 10.0 J8.3 24.0 -3.0

75 15.6 9.8 2,0 15.6 13.4 19.0 15.6 17.8 12.0

_1 50 12.9 6.2 3.0 12.9 8.7 18.0 12.9 12.0 22.0
25 6.7 3.8 4.0 6.7 5.5 12.0 6.7 7.8 9.0

I0 _5 2.4 7.0 .5 3.5 6.0 .5 5.1 I0.0

90 8.9 8.9 8.9
b 75 6.7 6.7 6.5

i _1 5o 4.s 4.5 - 4.5zs 4.5 4.5 - 4.5
10 4.5 4.5 - 4.5

9



3. Other Methods. The National Instituteof Occupational Health
and Safety(NIOSH) also presented data which have not been smoothed. Table

2f has some ofthese same data incorporated for comparison. This data base
was not used because (1)itonly predicts NIPTS for 90 dBA, (2)the sample

size was very small (g2 workers for some of the age groups), and (3) some
type of smoothln_ ofthe data would be required in order to make ita pre-
dictivemethod. The data is presented in Table 2fln order to show (I)that

raw data requires treatment (such as provided by Robinson, Passchier-
Vermeer or Baughn) before it is useful, and (2) the NIOStt data is not out of
ltnewith the predictive methods used in this report. There is, however,
one method in the literature which differs greatly with other methodologies.
This isKryter's latestwork published in the Journal ofthe Acoustical Society
of America, 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 studies
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 only on the methods of
Passchier-Vermeer, Robinson, and Baughn.

4. Simplificationof Data. Now that three differentmethods have
been selected, the question remains as tohow touse the data. The data are

simplifiedtothree curves (representing differentphilosophies of what and
whose hearing should be protected) for three audlometric frequencies. Two
curves are the expected NIPTS (maximum and a 10 year exposure point) of
of the sensitiveears on the 80 percentilepoints with respect to SPL. The

other curve isthe average NIPTS expected during 40 years of exposure as
averaged over allthe populationpercentiles. This thirdcurve is approximated

closely by the median _PTS level after 20 years of exposure. The three
audiometrtc frequencies presented were speech (average of 0.5, 1, and 2 kHz),
speech (average of 0.5, 1, and 4 kHz) and 4 kHz. A Table relating percent
of poptdationwith more than a 5 dB NIPTS at4000 Hz versus exposure is also
developed. The data are presented inthe sequence in which reduced so that

a user may, athis discretion, stop and use as a basis ofhis decision the data
one or more steps before the manipulation thatprovides the finalcurves
discussed above.

5, Details of Selected Methodologies.

a) Passchier-Vermeer (1971)

Passchler-Vermeer resultsare in graph form (see Figure 2).
Tables 3 and 4 are then used to calculatethe effectsof age and the correction
necessary for considering differentpercentilelevels. The detailsof the

1 calculationsofthe values in Table 2 are as follows:

I0
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TABLE 3

(from passchler-Vermeer)

F

i Frequency Incrcasu of D_0__ in relation to DS0% (T = i0) i
J.;

for oxpo_uru "_zmuso£ at least i0 years l
!

! 500 I:_ e. % per yoar I
I000" 2,5 J
2000" I0 j

3000" I J
I

4000 o ]
6000 " 0. NR 5 92 J

o.28 (NR-92) N,___92 i
8000 " 0 NR 5 92 I

0.37 (NR-92) NR >-92 j

TABLE 4

(_rom passchler -Vermeer)

HRfor_O NueborofdeclbolsiobeaddedtoO_. inorder cocuo e 070_

1o 2000Hz _0 Hz 1000IIz 2000}lz 3060 Ifz _OOOIIz 5000Hz 8000Hz

J 75 o o o o 4 o o
8o o o i o 3.5 I i
85 0 0 2 2.5 3 2.5 2
90 0 0 3 4.5 2 ,.3.5 3
94 0 0 4.5 4.5 0.5 4 3
98 0 0..5 ? 4.5 0 5 3

IIRfor _0 Numberof decibels '_obesubstrociodfro= D53_ ;In order to calculate D25_
to 2000Hz

500Ifz 1000Hz 2009Hz 3(IOGHz _00 Hz 6000Hz j SOCOICz

75 o o o l 5 63z.5 ' o
80 o 0 0 I 5 o
85 o o 0.5 2.5 5 o
90 0 o 3 3.5 4 7 I o
94 0.5 0.5 4 3.5 2 7.5 I o
98 z.5 z.5 5 3.5 z 8 o

13



Reference: "Hearing Lose Due to Exposure to Steady-State Broadband Noise. 11

(I) Converted N.R. into dBA by adding formula dBA = N.R. + 4.
(Z) Procedure used was outlined in pages 23-25.
(3) Noise-induced shift of hearing level (Dx), not approximation of noise

induced bearing loss (Dlx) was calculated.

(4) (Dx) values were obtained from Figure R35-A and Tables A and B.
(5) For 75 dBA, the curves of R35-A were extended slightly by straight lines.

(6) Speech hearing loss was obtained from averaging Dx for 500, iO0O, and

Z000 Hz frequencies.

(7) Since no method was suggested in her original report for estimating the

10 and 90 percenttlelevels, the corrections used to estimate the Z5 or
75 percentile levels were doubled Jn order to approximate the i0 or 90

percentile levels. The error of this approximation will be leB_ than
I0 percent for a normal distribution. This is in agreement with

Passchler-Vermeerts supplement (1969) to the main report.

In her 1971 paper "Occupational Hearing Loss rl,Passchier-Vermeer

does provide NIPTS values for the 1O year exposure point. These values

agree w_.th the approximation used in this supplement.

b) Robinson

Robinson provides a formula and a set of Tables (see

Tables 5 and 6) which can be used to calculate NrPTS. A nomogram is also

presented which allows calculation of hearing levels of nolse-exposed popu-

lations since the presbycusln correction is included. Details of the calcu-
lations used to obtain the values of Table 2 are as follows:

Reference: "The Relationships Between Hearing Loss and Noise Exposure. "

(1) Used LA = dBA.

{2) Used procedure outlined on page 18 except that the formula:

|I + TAN'H LA + lO LOG T/TO + Un- kl]H 27. 5
t 15 J

was used instead of the nomogram,

(3) Table 5 (page 6 Of reference) was used to _Ind kl for TO = 1 year.

(4) Table 6 (page 7 of reference) was used to find Us, which relates lq to a

percentile of the population.

(5) T = time of exposure in years and H = noise induced hearing loss.

(6) Speech hearing loss was calculated from averaging H for 500, i000 and

2000 Hz frequencies.

c) Baughn

Baughn presents a set of Tables (see Tables 7 and 8) that

give the actual hearing level_ of 8 dlffersnt age groups for 9 percentile levels

under three exposure conditions. Considering the 78 dBA group ae non-

exposed groups, the calculations are as follows:

14



TABLE 5

Frequengy parameter k in H-functlon

(from Robinson)

Audiomet ric

£requency
(kHz) T = I year

O

O. 5 130. O

I 126.5

2 120.0

3 114.5

4 IIZ. 5

6 115,5

i

i_ -'_ i..... !

%



TABLE 6

Percentile p_rgrngter , u, in.HTfunct._,on

(from Robinson)

Pomcontile n u

"Sonsitivo o_ro"

1 * 13,0
2 t2.1
3 t1.1

5 9.8

7 8.7
10 7.6

15 6.0

20 5.0
25 /_.0

30 3.1

4o 1.5
50 0

60 - 1.5
70 - 5.1

75 - 4.0
80 - 5.0

85 - 6.0

90 -7.6

93 - 8.7
95 - 9.8
98 -11,1

99 " -12.1

,i

]b¢'krApoI.e,toa.

16



TABLE 7 Ifrom Baughn)

INTERPOLATED AND EXTRAPOLATED FROM FIELD

(Speech(.5, I,Z kHz)

2nt. AGE 18 - 23 :}Z]!24 - 29 AGE 30 - 35 AGE 36 - 42
Dec. 5];/% 5F/3 31;/_ bJ:/_
Points 80 SS 90 95 EO _ 90 95 50 _ 90 95 80 ._'" 90

1 ".8 -.4 -.I .4 .2 1.0 1.7 2,7 .6 ].4 2.5 3.9 1.0 2,0 3,1

2 .$5 1,1 1.4 1.2 1.7 2.6 3.4 4°6 2.2 3.1 4.3 6.0 2.6 3,S 5,I

3 2.S 2.1 2.4 3.0 2.8 3.8 4.6 ._,0 3.3 4.3 S.6 7.5 5.8 5.0 6,5

4 2.S 3.1 5.5 4.1 3.8 4.9 S,fl 7.3 4.4 S.5 6.9 0.9 4.9 6.3 7,8

5 8.7 4.4 4.8 5.5 5.2 6.4 7.4 9.0 5.8 7.0 0.6 10.S 6.4 7.0 9,6

6 4.3 5.I 5.6 6.4 0.0 7.4 8.6 10.4 0.7 8.I 10.0 12.5 7.4 9.2 11.I

7 5.0 5.9 6,5 7.4 7.0 8.6 10.0 ]2,2 7.8 0.5 ]I.6 14.6 0.6 ]0,7 13,0

8 6.0 7,1 7.7 8,9 8.4 ]0.3 11,9 24.5 9.3 ]1.3. 13.8 17,4 10.3 12.7 15,5

9 7,8 9,2 10.1 ]1,6 I0,) ]3,4 ]5.S 18,0 12.2 14,7 18,1 22,7 13,4 10,6 20.2

AGE 42 - 47 :%_(._48- 53 AGE 54 - $9 AGE 00 - 65

] 1,6 2,7 3.9 5.3 2.1 3.7 4.9 6.7 4.1 S.3 6.8 5.4 6.8 8.0 9,2

2 3.3 4.6 5.9 7.6 4.} 5.7 7.2 9.2 6.2 7.6 9.3 11.2 9.3 10.7 12.1

$ 4,5" 5.9 7.4 0.2 5.9 7.1 8.7 10.9 7.7 9.2 11.0 13.1 11.0 12.6 14,I

4 5.7 7.2 8.8 10.8 7.._ 8.6 10.3 12.7 9.2 10.8 12.8 IS.0 12,5 ]4.S 16.1

5 7. 3 8.9 /0,7 12.9 8.9 1D.4 12.3 14,9 11.1 12,9 15,0 17.5 15,0 16.9 18.7

6 8.$ 10.3 22.4 15.0 /0.,I 12.1 14.3 17.3 12.9 15.0 17,4 20.5 17.4 19.6 21.7

7 9.9 12.0 /4.4 17.4 12,1) 14.0 16.0 20.1 IS.0 17.4 20.3 23,6 20.3 22.8 25.2

8 11.8 14.3 ]7,2 20.0 14.3 16.'7 19.8 24.0 ]7.9 20.8 24.2 28.2 24.2 27.2 50.1

9 15.3 ]8.7 22,5 27.1 _8.:_ 21.8 25,8 31.3 23.3 27.1 31.5 30.8 51.5 35.5 $9.3



TABLE 8 (from Baughn)
4000 Hz

Int. AGE 1H ,- 23 AGE 24 - 20 AGE 30 - 35 AGE 36 - 41
['_¢. 4 H
Points 78 _ 92 78 "--_'6 02 78 "--"__ 92 78 hO 92

1 .37 3.09 2,8 1.37 5.7 7,67 3.0 9.77 12.0 5.2 14.7 17.9

2 1.44 4.09 5.74 5.46 9.88 13.15 6.15 15.6 18,9 9.6 20,9 24.4

3 2.34 5.65 ,q.40 5.45 12.9 17,54 9.18 20.09 23.8 13.4 25,8 29.5

4 3.28 7.13 11.48 7.45 15,06 23,01 11.87 23.00 30.5 15.8 30,4 35,7

S 4.1 8.7 14.0 9.1 19.0 27.4 14.3 27.9 35.0 20.0 34,9 40.6

6 8.08 I0.6 17.5 11.10 22.4 32.61 17.12 32.09 39.9 23.6 39,1 45.5

7 6,85 13.05 21.8 14.2 26.6 38,91 21.31 37.11 45.9 28.6 43.2 50.3

8 7.05 16.18 26.6 16.8 28.5 45,03 25.17 43,52 52.5 33.4 81,0 56.0

9 10.7 23.65 57.2 22.2 45.03 61,38 32.6 53,01 64.8 42.4 60,0 64.1

AGE 42 - 47 AGE 48 - 53 AGE 54 - 59 AGE 60 - 65

1 8.32 10.3 23.9 12.1 24.1 50.5 17.2 30.3 37.3 24.0 35,8 44.0

2 13.5 26.7 30.3 18.7 31.6 37,1 24.5 38.2 43.4 32.3 43,6 50.4

3 18.2 31.6 35,9 23.9 37.1 41.7 30.9 43.4 47.2 39.2 48.1 53.3

4 22.1 36.1 41.4 28.S 41.8 45.7 36.3 48.1 $1.6 44.1 52,0 55.3

5 26.0 41.0 46.0 32.8 '46.4 50.8 40.1 52.3 $4.9 49.0 55,9 $8.6

6 30,2 45.1 50.1 37.4 50.6 54,4 44.9 56.5 58.2 53.9 59 3 62.1

7 35.6 50.0 $4.3 42.6 54.8 58.4 49.7 60.1 62.6 57.8 63,7 66,2

8 41.3 56.2 59.8 48.9 60.3 63.0 56.1 64.9 65.9 63.7 66.S 69.7

9 50.4 6,1.8 66.2 58.4 67.7 60,1 65.0 71.7 71.4 70,6 72.7 75.0



(i) Use Table 7 (6a of reference) and Table 8 (9 of reference) from Baughnls
data,

(2) NIPTS for speech was considered as thedtfference in hearing of a certain

percentile of people, who are exposed to anotse lvvel greater than 80 dBA
minus thebearing level of that same percentile of people who are exposed
to only 80 dBA.

(3) Percentile levels were given in units of i0 percent only. The 25 and 75

percentile points were obtained by averaging Z0 and 30_ and 70 and 80 per-

centile value% respectively.
(4) Tile data was given by age groups wlth 6 year dlfferences. Llnear Inter-

polatlon was used where necessary to obtain exposures for 10, 20 and

40 years.

(5) HL values for 4000 Hz at 80, 85 and 90 dBA calculated from Baughnls

data by linear interpolation between the 78 and 86 dBA data points or the

86 and 9Z dBA data points. Values at 95 dBA were obtalned by linear

extrapolation from the 86 and 92 dBA polnts. NIPTSdue to some exposure

level, e.g., 85 dBA, was calculated as the HL at 85 dBA mlnus the HL

at 78 dBA for the same percentile and age group.

6. Manipulation of Data. These values were manipulated and
-14 ¢; _.,slmp ....d as follows: Tables 9, 10 and II 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 wad 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
normalized to obtain the desired value.

From this average, Table 12 was developed. Tables 13 and

14 come dtrectly from the data of Table g. Table 13 provides the expected

NIPTS after I0 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,

Passchier-Vermeer's method shows that this occurs after both I0 and 40 years

of exposure time, while Baughn's data indicates that this occurs at the 10

year exposure point.

The resulting NIPTS values of Tables lZ, 13 and 14 are now

b averaged over the three methods. This grand average 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

19



TABLE 9

Average NIPTS during 40 Years Exposure

1/3(.5, 1, Zk_z)

Population Percentiles Average
Loss of To_al

dBA .9 .75 ,5 .Z5 .I
Population

Passchier-Vermeer 0 0 0 0 0 0

80 Robinson 2.0 1.3 .8 ,4 .2 .9

Baughn 0 0 0 0 0 0

Passchier-Vermeer .9 ,5 .2 .2 .i .4

85 Robinson 3.6 2.4 1.4 .8 .5 1.6

Baughn 2.8 2.0 1.3 I.i .9 1.6

Pass chier-Vermeer 3.0 2.3 1.6 1.4 1.2 1.9

90 Robinson 5.5 3.2 2.1 1.2 .9 2,5

Baughn 6,0 4.3 3.0 2.3 1.9 3.5

Pass chier-Vormeer 9.2 6.3 5.5 4.4 3.5 5.8

95 Robinson ii.0 7.5 4.4 3.1 2,1 5.2

Baughn 10.2 7.2 5.0 3.8 3,4 5.7
,, , ,,

4.

i .....

J

I 20
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TABLE 10

Average NIPTSdurin_ 40 Years Exposure

1/4{.5, 1, 2, 4kHz)

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

Passchier-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

Passohier-Vermeer 8.1 6.8 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 ll.l 9.4 7.9 ll.1

95 Robinson 15.8 i1.7 7.7 5.3 3.6 8.5

Baughn 13.3 10.7 8.5 6.9 6.4 9.0

21



TABLE 11

Average NIPTS during 40 Yesrs Exposure

4000 Hz

Population Percentiles Average
Los_ of Total

dBA -- .9 .75 .5 .25 .i PoD_ati,:a

Passchier-Ve:meer 13.8 9.9 6.0 1.0 0 5.5

80 Robinson 8.7 5.6 3.5 2.2 1.4 4.2

Baughn 3.4 3.0 2.9 2.5 2.4 3.0

Passchier-Vermesr 17.8 14.4 ii.0 6.0 l.O 10.6

85 Robinson 14.2 9.8 6.4 4.0 2.5 7.4

Baughn ii.9 10.2 i0.I 8.9 8.2 i0.0
J-

. . ,L........

Passchler-Vo_eer 23.6 20.8 18.0 13.2 8.4 17.0

90 Robinson 21.6 16.2 ii.i 7.3 4.8 12.0

Baughn 17.3 15.9 14.9 12.9 11.6 14.7

Passchier-Vermeer 31.4 29.7 28.0 24.5 21.0 26.9

95 Robinson 30.4 24.2 27.6 12_i 8.3 18.3

Baughn 22.8 21.2 19.1 18.4 15.3 19.0

|

t
b

I .... : ......... 2
1
b

I i

! / aa
L
[

I1



TABLE 1 2

Average Loss of Total Population
during 40 Years of Exposure

1/3 {.5, I, 2 kHz)

75 80 85 90 95

Passchier-Vermeer 0 .4 1.9 5.8

Robinson .9 1.6 2.5 5.2

Baughn 0 1.6 3.5 5.7

Average .3 1.3 2.6 5.5

1/4 (.5, I, 2_ 4 kHz)

75 80 85 90 95

Pas schier-Vermeer - 1.4 2.9 5.7 ll.1

Robinson - 1.7 3.2 4.9 8.5

Baughn - .7 3.7 6.3 9.0

Average i. 2 3.2 5.6 9.5

4000 Rz.

i 75 80 85 9O 95
[

I Passohier-Vormeer 5.5 10.6 17.0 26.9

I Robinson 4.2 7.4 12.0 18.3

Baughn - 3.0 I0.0 14.7 19.0

Average 4.2 9.3 14.6 21.6

Z3



TABLE 13

Noise Induced Hearin_ Loss
90 Percentile Level - 10 Years

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

75 80 85 90 95

Passehier-Vermeer 0 0 .9 2.4 5.6

Robinson .8 1.5 2.8 4.2 8.1

Baughn 0 0 2.5 5.5 9.6

Average .3 .5 2.1 4.0 7.8

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

75 80 85 90 95

Passehier-Vermeer 2.5 3.5 5.2 7.3 12.1

Robinson 1..5 2.7 5.0 7.8 13.0

Baughn 0 1.3 6.5 11.6 17.6

Average 1.3 2.5 5.6 8.9 14.2

4000 Hz

75 80 85 90 95

Passchier-Vermeer 10.0 13,8 17.8 23.6 31.4

Robinson 3.6 6.6 I1.6 18.8 27.7

Baughn 0 5.3 10.6 30.1 41.2

Average 4.5 8.6 16.0 24.0 33.4

24



TABLE 14

Maxin_u_n Hearing Loss from Noise .9 Percentile

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

75 80 85 90 95

Passchier-Vermeer 0 0 i.i 4.5 11.6

Robinson 1.6 3.2 5.8 8.6 15.1

Baughn 0 0 3.9 7.3 12.9

Average .5 i.i 3.6 6.8 1312

Worst Case Use Robinson's Data

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

75 80 85 90 95

Pa sschier-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 90 95

Passchier-Vermeer i0.0" 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"

i ] Average 5.8 I0.7 19.0 27.7 36.9

.......... _ Wo_&t Cms_ i0.0 .13.8 20.5 30.1 41.2

*This maximum value is for i0 years. (0therwise 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 ether table to be discussed later, that are

considered sufficient to select the permissible A-weighted SPL for the g hour

noise exposure. Before such a selection is made, however, certain other

observations should be conside_'ed in detail,

7, Considerations.

a) NIPTS at 4000 Hz may decline wlth exposure for the very

sensitive ears, while increasing for resistant ears. Flgures 9, I0, 11 are

a plot of the Hearing Levels of Baughn's data for .9, .5, and .1 percentile

levels. Figure 12is a plot of the difference between 85 dBA exposed groups

and 78 dBA exposed groups. As expected, during the first years of exposure

the sensitive ears (. 9 percentile) show a large increase in NIPTS while the

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-
sitive 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 yearn"
was calculated. For instance, using the results for Table 1] for 85 dBA,

Baughnls method gives approximately 12 dB average NIPTS for the sensitive
(.9) ears and approximately g dB averag_ NIPTS for the resistant (.]) ears.

Apparently the entlre population, not just some super-sensitlve indlviduals,

are significantly affected by noise during some part o[ their lifetime at the

4000 Hz audiometrtc frequency. Essentially, Table ll was prepared to
show this effect.

One of the obvious reasons for the decline of NIPTS is seen

from Figure II. 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 Baughnla (78 dBA) supposedly non-noise
exposed group7 " Is it aging, pathological conditions, non-occupational noise

exposure greater than 80 dBA, the fact that 78 dBA may still be capable of

causing a very significant loss in sensitive ear., or some combination of
these factors7 Figure 13 is aplot 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) group shows less hearing loss than thePHS group, until age 50,

at which point the two groups become equal, One can conclude that Baughnls
78 dBA (, 9) group does not differ significantly from the general populatl,sn.

Baughn did not screen for pathological conditions, so one would definitely
expect that ouch conditlonB would be an influence in both groups. The effect

of aging cannot be neglected. The rate of hearing loss for both the 78 dBA

group and the PHS (,9) group ls approximately I. 5 dB/yr. Such a steep
increase does not occur for median hearing levels for 4000 Hz once a certain

age is reached (such as 50-70 years). It may not, therefore, be so unlikely

that for this sensitive i0 percent of the population, aging alone causes a very
i
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significant change even in the early years. These argun_ents are not brought
forth to prove that the rapid loss of hearing at 4000 Hz for this segment of the
population is not largely due to noise exposure, but rather to emphasize the
converses over-protecting the population against noise exposure to prevent the
rapid rise in ]_earing loss at 4 Hz for l0 percent of the population may be
entirely futile. Such over-protection could easily come about tf one made
the assumption that the 78 dBA is the main cause of the large hearing lessee
in the sensitive 10 percentile.

b) Selection of a standard deviation for sensitivity to hearing
loss. Figures 12 and 13 demonstrate the difficulty of considering only mean
data at some exposure time and from tlle_e 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 tf a noise limitation in
selected to protect 90 percent of the population instead of the median. The
90 percentile points can be seriously mtsestimated.

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 con.iders 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
ofthe populationisnot considered.

Simply stated,the object of the fence isnot toprotectthe
excellenthearing from becoming Just good, but the fairhearing from becom-
ing bad. The argument thatthe excellenthearing willautomaticallyhe pro-

tected ifthe fair hearing isprotected may not be true. Flgt_re15 is such a
counter example. Thus the use of hearing risk should not be the only t,a_,i.
for selectinga noise limitfor hearing conservation. Nevertheless heart,ill

ri,k is one w_y to give meaning toNIPTS values and for thisreason Tables
]5 and 16 were prepared. Table 15 shows the hearing risk in percentage
as calculatedby Robinson. The 87, 92 and 97 dBA values were taken direct-
ly from Robinson and the 80 dBA values were calculatedusing his method.

Table 16 shows the same data as calculatedfrom BaughnWs curves, A typical
curve from Baughn'B data is shown inFigure 16. The data agree well only

ifa 10 dB isadded to each ofRobineonls fence values. This, as proposed
-_ by Robinson, will account for the fact thatRobinson's data have been care-

fullyscreened for pathologicalhearing losses while Baughnls data have not.
Baughnte data, in thisregard, willcertainlybe more typicalofthe normal

populationexposed tonon-occupational noise. Therefore, the l0 dB correc-
tionwill be added toRobinsonls fence values in thisreport.
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TABLE ]5

Robinson's Method

Noise risk for population at various ages for exposure
at constant noise level commencing at age 30.

Fence Noise Risk (%) at age
Height

(ISO) 22 25 30 40 50 60

80 20 2 2 4 6 9 10

87 10* 3 5 8 14 17 18

92 6 i0 15 22 28 28

80 25 1 2 2 3 6 9

87 15" 2 2 4 7 13 19

92 3 5 8 15 23 31

80 30 0 0 1 1 3 6

87 20* 0 1 2 4 7 13

92 1 2 4 8 14 24

80 35 0 0 0 0 1 2

87 25* 0 0 0 1 3 7

92 0 1 2 4 8 14

*Use these fence values for non-pathological
population.
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TABLE ]6

Hearing Risk

Baughn's Data

;i

Noise Fence

Level Height
dBA (ISO) 22 25 30 40 50 60 70

85 15 i0 10 l0 ii i0

90 14 14 18 21 15

95 22 25 30 30

85 20 4 9 13 14 12 8

90 7 !3 22 26 22 17

95 13 26 37 38 36 24

85 25 1 3 5 7 9 II

90 4 8 13 17 19 20

95 6 13 21 29 32 29

85 35 0 0 1 2 3 6

90 0 1 2 3 6 13

95 1 3 5 8 12 22

_._ u.
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9. Percent of the Population with more than a 5 dB ITLPTS at

4000 Hz Versus 8 Hour Noise Exposure Level. Since in general
the audiometric frequency at 4000 Hz is the most sensitive indicator of hear-
ing changes, a special table was derived to indicate the percentage of the
poptdation expected to exceed a measurable NIPTS (greater than 5 dB) for a
daily 8 hour noise exposure of more than 40 years. The expected NIPTS

for each of the Sound Pressure levels was calculated or obtained graphically.
The NIPTS values of the three methodologies (Passchier-Vermeer, Baughn,
and Robinson) 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 measurable hearing change at that
exposure level. Table 17 is a summary of such data.

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

10. Selection of Limit for the 8 Hour Day. Data have been presented
that should allow the setting of a maximum allowable noise exposure (g hour)
based on several considerations. The considerations emphasized in this

report have been: (a) average NIPTS of total population during 40 years,
(b) NIPTS not exceeded by 90 percent of the population at any time during
their exposure history, (c)percent of the population with a measurable hear-

ing change at 4000 Hz, (d)hearing risk as determined by a permlsslble hear-

ing los. or fence. Ifdesired, other considerations can be developed from

the data. It is suggested that any recommended noise exposure be accept-
able with respect to all selected considerations.

II. Criticism of KryterWs Method.

a) From Figure I it is obvious that there is a very large dla-
parity between the predictions ofKryter and that of other researchers.

While Kryter may make some valid points, it is believed that there are
enough basic errors or inconsistencies in his methodology to make hle re-
sulting predictions invalid. Therefore his NIPTS predictions were not con-
sidered in this document.

b) Faults and Inconsistencies ofKryter's Method

(l) Kryter arrives atthe conclusion that a non-nolse ex-

posed population is that population thathas not been exposed to a continuous

8 hour noise of 55 dBA. This is based on extrapolation from Baughnls Data

and the Public Health Survey of 1962. The faults of this method are:

(a) Baughnls data are for 92, 86, and 78 dBA. From
Just these 3 points which span a range of 14 dB only it is very questionable
that it is justifiable to extrapolate another 23 dB downward to determine

44
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TABL_ 17

Derivation of % of Population with greater than
5dB NIPTS after 40 years exposure.

L 72 75 80 82 85
eq

W

v o .9 3.8 5.8 9.2 11 13.5

_ aJ__ .75 2.2 3.6 6.5 8.4 11.5

< _ _ .5 .7 ].7 4.4 6.4 9.8
m_, u

_ _,12_ .25 .4 .6 2.2 4.2 7.8
l 0 .4 1.7 3.1 5.2O

Toof Population with more

than 5 dB NIPTS 4 15 44 66 92
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TABLE 18

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

Individual Methods

L 72 75 80 8Z 85
eq

_ o o
_ _ _0> 5 dB NIPTS_,

i _ _ _ 4000 Hz 4. 15 44 66 92

i

Passchier-Vermeer,

Unmodified 14 28 50 66 78

o Passchier-Verme_r

0 1 21 50 75Straight Regression
Line

BauEhn N/A N/A N/A 34 77,m
,,4

Robinson ]Z 17 54 66 83

i
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where the threshold SPL that causes NIPTSis located. Furthermore, most
of the three points do noL even align In a straightline, thus requlrlng the

extrapolation be made by a series ofcomplex curves (see Figure ]7).

(b) Kryter uses two differentreports, which probably

have differentbiases, to determine the "NqPTS Threshold." In fact Baughn

admits that he had a systematic error of at least 5 dBA and perhaps more in
his absolute thresholds. For instance TTS was a problem as Baughn had to
test people during working hours. The problems do not unduly Jeopardize
the validity of Baughn's data when compared with itself as at least some of the
biases will be expected to cancel. But when Baughn Is data are compared to
other data, such differences wtllnot tend to cancel and must be fully con-
sidered. Looking at the PHS curves and Baughn's 78 dBA curves ve_'sus age,
(Figure 18), it can be noted that ti_ey look very similar except Baughn's
78 dBA curve is displaced upward by 10 dBA. Krytar would attribute this
upward shift to the fact that the 78 dBA expostzre was still causing a sub-
stantial hearing loss. But plotted also in Figure 18 is thernedtan of Baughn_s
pre_exposure audi_grams of new 18 year old employees. Note that even for
this group, there is still an 8 dB variation in the Public Health Survey data
and Baughn's. This variation shows that there were indeed systematic
differences between the studies. These differences may have come from
audiometric techniques, differences in the population of this midwest area
versus the nation as a whole, or some other subtle bias; however, it is clear

that the 78 dB exposure is not, apriori, the cause of the l0 dB discrepancy
between Baughn's data and the Public Health Survey data.

(c) In order to demonstrate the sensitivity of Kryter's
method to systematic error between the two sets of data, consider that the

hearing levels of Baughn's subjects were systematically 10 dB too high.

This l0 dB error has significantimplications with respect toKryter's NIPTS

threshold prediction. See Figure 17 for a typicalcorrection ifBaughn's data
are reduced by 10 dB. Such a I0 dB reduction now brings the "NIPTS Thres-

hold" up to 75-80 dBA with far less extrapolation. This puts Kryter more in

line with other researchers. It should also be apparent that the gain in "NIPTS
Threshold" was 20-25 dB for a change of only l0 dB in Baughn's rave data.
This indicates that with an arbitrary fence of so many dB, the results obtained
are very sensitive to the absolute thresholds of the data used. One only has

to look at the literatureto see how often a I0 dB or greater difference has
occurred between researchers as towhat is the median threshold level. The

i0 dB difference between the 1951 ANSI standard and the 1969 ANSI standard

for the speech frequencies is an obvious example. Itshould be noted that

ever. if the systematic difference in Baughn's data was as small as 5 dB, which
is the minimum amount of error predicted by Baughn, Hryter's methodology
would stillpredict that the threshold of the effectis at 65-70 dBA, not 55 dBA.

Therefore, even ifone would agree with Kryter that his methodology le adequate,

one must correct his threshold value of 55 dBA by at least I0-15 dBA and
probably much more.
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(Z) On Figure lg, Kryterls recommended presbyacusis

curves are plotted along with Robinson's. Note that Robinson's values are

belowKryter's. Yet Rabtnson has found that NIPTS for speech (0.5, 1 and

2 kHz) essentially disappears for less than 75 dBA exposure. This does

not fit with Hryter's assumption that 75 dBA is causing a very significant
shift in hearing.

(3) Another inconsistency of KryterTs NlPTSpredtctions

can be seen if these values are compared to the actual hearing levels of

Baughnls workers. Figure 19 is such a comparison. SomehowKryter has

taken ]_aughn_s data and manipulated the data such that the predicted NIPTS
is the same as the total hearing loss of these individuals. Since hearing

loss consists of both NIPTS and aging, the onlyway to predict suchalarge
value of NIPTS, as I see it, is to predict that hearing will not change with

age, This is clearly wrong, of course, and even Hryter predicts 15 dB loss
from preebyacusis at age 65,

12. D-Versus A-Weightin_ of Frequency. At first glance, the use
of a D-weighting scale instead of an A-weighting might seem attractive. The

D-weighting added approximately a 10 dB penalty to the frequencies that are

more likely to cause NIpTS at the super-sensitive 4000 Hz audlometric

frequency, If one's goal is to protect the 3, 4 and 5 kHz frequencies equally

with the lower frequencies of 0.5, 1 and 2 kHz, then perhaps the D-weighting

would be desirable. However, D-weighting also emphasizes the frequencies
above 5500 Hz by 5-9 dB, and thus would tend to give these high frequenciem

more influence than they properly deserve. The very low frequencies are

also emphasized more. Thus protection of the speech frequencies of 0.5,

i and 2 kHz is slightly deemphasized. Qualitatively, the argument reduces

to this: if one desires that the risk of hearing loss should be equal for the

speech frequencies of 0.5, 1 and g kHz and for the frequency of 4 kHz, then

the D-scale may be a slightly better approximation. If one is willing to
allow 5dB more loss at 4 kHz than at the speech frequencies (0. 5, l and Z)
then the dBA is the better approximation. The general feeling among most

investigators is that the frequencies of 0.5, 1 and 2 are _omewhat more

essenttal_ therefore it is recommended that the A-scale he used for purposes

o£ hearing conservation. The D-scale can be used to predict the effects of

noise on hearing, but the proper adjustments must be made to provide the

same safety to the lower speech frequencies.

13. Duration of the Exposure.

(1) Less than 8 hours. The relationships between NIPTS and

SPL discussed up to this point have been based on an 8 hour working day ex-

po.ure. The auditory system can tolerate higher SPLs provided thai the
exposure time is shorter (5). It is not entirely clear, but it iB suspected

that the SPL should be reduced; if the ear is exposed to noise for duration.

greater than 8 hours.

5O



70

6(3 SPEECH-_(.5,_,?--KHz)
7',5PERCENTILE

8hr. DALLYEXPOSURE
FOR 40 YEARS

5O

_4C HEARINGLEVEL OF
THEEMPLOYEESOF
BAUGHN'S STUDY

_' (RE 1964 rSO.USE
SCALEAT LEFT AS

_- HEARINGLEVEL)3el .
8
r_

KRYTER C- - 0
PASSCHIER _ _ A
VERMEER
BAUGHN O . £3
ROBINSON it .... tl

50 60 70 80 90 tO0 HO
SPL (dBA)

•_ KRYTERCONSIDERSTHISHEARING LEVEL (FROMTABLEIll
EKRYTER(16}]}

]?i_ure ] 9

I

51



The decision ae how to relate SPL to duration in order to

obtain equally noxious noise exposure depends upon how the auditory damage
progresses with time. Three popular theories are equal energy {ISO stand-
ard for example), equal pressure (Kryter for example} or a compromise
between equal energy and equal pressure (N/OSH for example}. The equal
energy rule predicts an equal hazard if the SPL is reduced 3 dB for each
doubling of duration (SPLvaries inversely as 10 log t), The equaIpresaure
rule dictates that the SPL must be reduced 6 dB for each doubling of time
(SPLvaries inversely as Z0 log t), The N_OSH compromise suggests that the
SPL should be reduced by 5 dB for cecil doubling of time (SPL varies inverse-
ly as 16.6 log t). The selection of one rule over another is not a trivial
question, For instance, considering the 8 hour exposure as the baseline,
equal pressure allows the permissible SPL for a one-minute exposure to be
27 dB higher than that allowed for equal energy.

There is a lack of unequivocai N'IPTS data that would sug-
gest •which rule to use. Therefore, equal TTShas been the only method for
assessing equal hazard. This Is wi_y a considerable effort was given in the
main criteria document to the relationship of TTS {via animal and human
studies}to N_PTS.

Experimental results have not yet completely clarified the
problem. Sptethand Trittipoe (7) indicate that the equal pressure rule pro-
vides equal TTS for high level, short duration exposures, Ward (g) has
found that equal energy best prcdictsd an equal amount of TTS for chinchilla
during 4 exposure conditions.

Some sense can be made out of the apparent contradiction,
if the CHABA curves are studied. Figure 20 is a replot of the CHABA
curves that relate equaITTS at various Sound Pressure Levels (SPL), dura-

tionsand audiometric frequencies. All curves, only for thepurposes ofcorn-
parison, were relatedto the same SPLvalue for the 8 hour duration. Vari-
ous schemes for relating SPL to duration are then plotted. The results show
two main points. These are, (l)No simple functionof log t best matches
the CHABA values for all time durations and (2) the selection of the function
used varies with the audiometrlc frequency thatis to be protected. At this

time, itis not suggested thata functionother than the log t be used since it
would effectivelyeliminate the abilityto provide dosimeters and perhaps

unduly complicate the situation. The use of equal noxious TTS values is not
thatfirmly secure towarrant 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 4RHz
does start to follow the equal pressure law.

Using Figure 20 as a basis, the decision as towhich rule
to use reduces to which audtometrtc frequencies will be protected. If 4000
Hz is to be protected, then the ,_q_lalenerg),rule _._,IIbe the bvut approxim_t-
tion. Ifonly the speech frequencies of 0.5, I and 2 kHz are to bcprotected,
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the NIOSH rule of 5 dB change in SPL for each doubling of time is n very

good compromise. Either rule will overprotect for short time durations

and as such will add an additional safety factor into any standard for hearing

conservation. It should be noted that givelx an exposure level and duration,

Figure Z0 can be used to directly predict the relation between such R condi-
tion and the dBA SPL of 8 hours duration that will cruse the same amount of

TTS (or tberefore NIPTS). The usefulness of such a figure is limited, how-

ever, as typically a totaldaily noise exposure does not occur in such a simple

manner. Therefore, some approxlmatlon scheme such as equal energy must

he used. Correction factors for such variables as the intermittency of the

noise are then required.

(2) Durations more than 8 hours, There is anoticeable lack

of actual NIPTSdata on 24 hour exposure situations, therefore most of what

is known is based upon TTS data.

Smith etal. (9) exposed _roups of men for _6 hours to a

70 Hz tone or a 309 Hz Lone at 113 dB SPL, In general TTS ranged from

0 to Z0 dB. Yuganov etal. (I0) simulated a Zdhour space mission with an

ambient noise of about 75 dB (not enougl_ details are given to convert to dBA

but a rough estimate would be 80 dBA) and found aTTSof l0 to 20 dB with

recovery in l-2hours. Mills (ll) exposed himself to a 93 dB SPL signal

for about 30 hours and measured 25-27 dB TTS which required 2-4 days for

total recovery. )vIelnickllZ) expused subjects for 16 hours to the 300-600
Hz octave band at 95 dB SPL and found the maximum TTS to be ]5-20 dB,

Recovery was complete within 20 hours past exposure. The Enviromnental

Protection Agency (El=A) is cu_:rently spQnsorlng research at the Aerospace

Medical Research Laboratory (AMRL) to further investigate this question

with human subjects. At tillstime, however, there is no evidence that the

effect of continuous noise is more noxious that what would be predicted by

use of the logarithm of time. In fact, saveral investigators (Iv£11ls,]V£elnlck)

have suggested that TTS reaches limiting value that may occur between 16-

48 hours. Studies accomplished on animals (Mills and Tale (13)I Melnlck

(IZ); and Ca_der and Mlller, (14) all predict that TTS will reach an as)_rnptote

or a limiting value, Exposures have been for as long as three weeks to three

months, with the TTS reaching Its limit within the first day (Carder and

Miller (14) and Mills (in Press)). What is not so clear is the question,

Does hearing damage stop when such a limiting value that is independent of

duration is _eached?" Based on Carder and Miller's animal findings that

slmila_ recovering curves occurred once the asymptotic values were reached,

the answer appears to be a qualified yes if the TTS is less than Z0-30 dB.

Recent work not yet published (Mills (in Press)) indicates that for greater TTS

than 30 dB, such recovery may change with exposure tltne. Since TTS will

normally be less than 30 dB only for exposures less than 85 dBA, this limit

will be CnnsldeTed valid only for exposures less than 85 dBA. The slgnlfl-

canes Df such 8 limit is that there may be little'difference between _ _on _

tlnuous ILfetinleexposure (Zd hours exposure daily with no quiet periods) or

24 hour exposures wltl%rest periods in between each exposure. Up to now, the

term 24 hour exposure has been used rather loosely to mean either case, We
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will continue to use it it, thin context for exposures leas than 85 dBA with
the justificationthat the asymptotic behavior of TTS allows such an approxi-
mation to be made.

The equal energy rule would predict that the 24 hour ex-
posure should be 5 dR less than the 8 hour exposure. The N_OSH rule
would predict an 8 dB difference, The animal results of Carder and Miller

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 slightly conservative).

Preliminary results at AMRL have not shown the necessity
of deviating from the equal energy concept. Therefore a 5 dB reduction in

dBA is considered the best approximation at this time for extrapolating
8 hour data to 24 hours.

If the SPLis below the value which causes measurable
TTS at 8 hours, then there is no evidence that there will be measurable
TTS at 24 hours.

14. Estimation of the Accuracy in Relating NIPTS toNoise Exposure.

a) Underestimation Errors.

{I) Worst case of three methods.

Averaging the NIPTS predictions over the three methods

will provide in some cases lower NIPTS predictions than one method by itself.
In order to estimate the worst conceivable situation,the worst case values

are included in Table 14. This table already consists of the maximum NIPTS

expected for the . 9 percentile level during some part of a 40 year exposure
lifetime. Therefore selecting the highest predicted NIPTS value of the three

methods should set an approximate uppel•boand on the possible estimation

ofNIPTS. That such an upper bound varies at the maximum by only 4 dB
from the average provides additionalconfidence that any prediction errors

in the average data presented are not likely to underestimate the risk of
noise by more than 4 dB.

(Z) Percentile estimates.

The estimation of NIPTS for some percentile has been
accomplished by subtracting the hea_tng level of that percentile of the non-
noise exposed group from the hearing level of the respective percentile of the
noise exposed group. The . 9 percentile group is thus that group wtmse
hearing level is worse than 90 percent of the population. If the. 9 percentile
point moves I0 dB because ofnoise exporure, then itis considered that the
.9 percentile group had NIPTS of 10 dB. However, this i0 dB shift could

have been caused by some of the exposed ears shifting from a . I percentile
hearing level to the . 9 percentile hearing levels before the noise exposure,
then these exposed ears would have received a true NIPTS of 30 dB. Un-

doubtably there are a few individuals who have this occur. There is no way
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to account for such individual susceptability and it must be emphasized that
all estimates are for statisticalgroups of the population, not individuals.

Changes in the .9 percentile hearing level is stillconsidered the best indica-

tor of the true NIPTS not exceeded by 90 percent of the population, however,

for two reasons. First, the .9 percentile in a noise situationnormally

does exhibitthe greatest shiftwhen exposed to noise. Apparently the people

that make up this group are those most sensitive to the noise exposure.

Second, changes in the .9 percentile hearing level should be considered

more significant in tibet the hearing of this group is already worse than 90
percent ofthe population. A shiftin this percentile point is thus liable to

have more significance than a shiftin the .I percentile point.

It can be noted that the average NIPTS over 40 years

of exposure circumvents thisproblem. The errors introduced in saying that

90 percent of the population will have less NIPTS than some value X when
this NIPTS value was obtained by changes in the , 9 percentile hearing level
are difficult to estirnate. If the changes in the .9 percentile hearing level
are small, then one can reasonably expect that the error will be small.
But as stated earlier, a better way to look at this problem Is to consider
that the . 9 percentile hearing level changes are the moat important measure.
In this light, we will not unduly worry about this error.

b) Overestimation Errors.

(l) "Least effect"of three methods.

Averaging over the three methods will also provide

higher NIPTS predictions than some one method alone, gimiliar 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 frequencies (either 1/3 (0.5, l, 2 kHz) or 1/4 (0. 5, I, 2, 4 kHz)
and < 6 dB for 4000 Hz.

(Z) Bias introduced in manipulation of 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 regression line could have been used Just as well.

As can be seen in Figure 21, alinear regression 11newilIpredict that the
median NIPTS threshold Is at 80 dBA, not 7 or 8 dB lower as would be ex-

pected by extrapolating Passchier-Vermeer's existingcurve. Itcan only
be leftup to individualjudgement as to which approach is correct. Using

a linear regression llne, the NIPTS (.9 percentile)would be expected to be

0 dB for 75 dBA (8 hour) exposure and 8 dB for an B0 dBA (8hour)exposure.
This compares to a NIFTS (. 9) of 10 dB for 75 dBA and 13.8 for 80 dBA,
At 85 dBA either approach predicts the same amount of NIPTS. Therefore
the greatest possibilityof error at the 4000 Hz audiometrlc frequency Is

below 85 dBA. The average of the three methods produced 6 dB for 75 dBA,
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so the maximum error at 75 dBA is 6 dR. Likewise, it can be shown that at

80 dBA this possible error is 3 dB. Note that the magnitude of these errors

is the same as was obtained by looking at the "least effect" of the three
methods.

c) In summary, the 4 kHz and (.9 percentile} data presented

in Table 17 can reasonable be considered accurate within a range of +4 dB

and -6 dB (or more simply _+5 dR) of the values given as long as the L
range under consideration is between 70 and 90 dBA. eq

B. Requirement for "Quiet"

Recent work by Ward {i5) has shown that the quiet intervals bet-

ween high intensity nolse-burste must be below 60 dB SPL for the octave

band centered at 4000 Hz if recovery from Temporary Threshold Shift (TTS)

produced is to be independent of the quiet period SPL. Ward suggests

55 dB SPL as the point where the "effective quiet" might be. Assuming then

that (l) TTS recovery from a 90 dBA (g hour} occupational exposure also

requires this same level of effective quiet for some part of the 15 hours
between the exposure the following day, and (2) total TTS recovery is impor-
tant in order to prevent TTS from becoming N'IPTS, noise exposure should

be controlled in order to reasonably insure an effective quiet of 55 dB SPL
at the 4000 Hz octave band (approximate17 62-65 dBA). The population

exposed to TTS producing Jources (both occupational and non-occupatlonal)
will be guaranteed by such control the ava£1abillty of a quiet period of less

than 60 dBA. That such a quiet period is roally required is not absolutely

proven, of course, but there is enough evidence to suggest at this time that

this approach is advisable.

Ill. SUMMARY

Selection of a permissible 24 hour exposure will be 5 dB below the

permissible 8 hour exposure SPL if equal energy is to be used. Table 19
summarizes the ef_ects_ as based on the g hour exposure, of exposures of

either 8 or 24 hours for different SPLs. The expected absolute error is

eatlmated to be well within 5 dB for the NIPTS values predicted. For Hear-

ing Risk, a fence of 25 dB (1964 ISO) is used. Raugbnls and Roblneonls

Hearing Risk values are averaged. For the 85 and 90 dBA (8 hour) exposure

conditions, the resulting average is within -F3 percentage points of Hear-
ing Risk predicted by either method. For an g0 dBA condltlon_ Roblnsonts

estimate (10 percent) and B_ughnls estimate (0 percent) were averaged to

obtain 5 percent. While these values might seem rather divergent, it is

noteworthy that NIOSH predicted 3 percent for this level. The Hearing Ri_k

at 60 years of age was used. Hearing Risks at younger ages are less than

these valuel (see Tables 15 and 16).
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Table .199 Summary of effects expected fsr continuous noise
exposure of 8 hours to the levels stated.

75 dBA (70 dBA for 24 hrs)

Speech (.5, I, 2) Speech (.5, I, 2, 4) 4K

MaxNIPTS (.9) 1 dB 2 dB 6 dB

NIPTS at i0 yr (.9) 0 1 5
AverageNIPTS 0 0 1
Max Hearing Risk* N/A N/A N/A

80 dBA (75 dBA for 24 hrs)

Speech (.5, l, 2) Speech (.5, I_ 2, 4) 4K

Max NIPTS (.9) 1 dB 4 dS ii dB

NIPTS at I0 yr (.9) 1 3 9
Average NIPTS 0 1 4
Max IIsaring Risk* 5% N/A N/A

85 dBA (80 dBA for 24 hrs)

_Speech (.5, 1. 2) Speech (.5, l_ 2, 4)

Max NIPTS (.9) 4 dB 7 dB 19 dB

NIPTS at i0 yr (.9) 2 6 16
Average NIPTS 1 3 9
Max Hearing Risk* 12% N/A N/A

90 dSA (85 dBA for 24 hrs)

Speech (.5, l, 2) Speech (.5, I, 2, 4) 4K

Max NIPTS (.9) 7 dB 12 dB 28 dB

NIPTS at i0 yr (.9) 4 9 24

Average NIPTS 3 6 15
Max Hearing Risk" 22.3% N/A N/A

I * 25 dB ISO Fence
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IV. CONCLUSZONS

The main purposes for prepa_ng this report were twofold.

(l} The first purpose was to resolve the question of what and/or whole

data should be used to depict the relationship between Ions of hearing sennl-

ttvity and noise. The question was resolved by using three leading predictive

methodologies and averaging the results. This averaging has been criticized
by some as unscientific. The argument in that one should pick thi most

scientifically sound method and use it alone. But the problem then remains
of how to select the ltngle best method. Averaging the three methods avolds
such a selection. But even more important, averaging the throe methods

prervento the poss_hiltty of selecting the worst method. Therefore, the

averaging technique was considered an the best way to handle the problem
of data selection.

(2) The second p_-'pose of this supplement was to discuss t_e moth,d-

elegy of l_ryter (16). Criticism of l_ryterls paper in provided by ssyerr, l

reviewers in the snme issue o_ the Journal of th_ Acoustical Society of
America. At t_Ls time there are too many basic inconsistencies in Kryterfm

method for his _eeulte to be included in this report.

I
i
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