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SUI\MTARY

fn this Report the influence is d-etermined- of stead-y-state broad-band- noise
on the hearing l-evel-s of people erposed to noise for B hours a d-ay, at
least ! d-ays a week. For this purpose, Iiterature d-ata are analyzed- that
relate to 20 groups of ernployeesg all- in all about {600 peopl-e. Noise-
induced- sh-ifts of hearing leveIs are considered- for exposure times between
10 and- {0 years and for no:'.se with lVoise Ratings for 500 to 2OOO Hz between
'lJ and. )8, or sound. l-evels between 79 and. 102 ffi (A)"

First the med-ian noise-induced hearing losses (15Ofi at lOO, 1OOO, 2OOO,

3000, 4000, 6000 and. B00O I{z are examined- as a function of exposure time"
The increase of D5Of" w:-th exposure time vari-es with frequency" The resul-ts

- l1,O"i" at 4000 Hz remains constant at exposure tines of at least 10 years.
The only exception is the female group, for whic}r DJO/" increases slig'htly
after 10 years of exposition"

- l5O/" at 2000 Hz is a 1inearly increasing function of exposure time from
the very begi-nning of exposure"

- D5ga/" at !00, 1000 and- 3000 Hz j-ncreases, for.er.poslr-r'e times of at least
10 years¡ 1ler year r"rittr respectively 4"¡ 2.J/" and If" of the med-ian hearing
l-oss caused. by an ecposlrre to noise for 10 years " If D5O/" after 10 years
is zero, then D5g{" remains zero at longer exposure times.

- l¡ö1" at 6000 ané. BOOo Hz d-oes not increase af ter 10 years of exposr:re, if
the'NR for IOOQ to 2OOO Hz is at most !2. Ât higher NR's for lOO to æOO
Hz, D5ga/" a+, 6000 and- BOoO gz increases per year with about 0.3(X-92)/" ot
the med.ian noise-ind.uced. hearing foss after 10 years of exposure, where
X is equal to the NR for 100 to 2OOO Hz.

Our analysis showed- that the relation between noise and. ned-ian noise-
induced- hearing l-osses is most accurate, if the NR for 100 to 2000 Hz is
taken as a pararneter of the noise. To estirnate the med.ian noise-ind.uced-
hearing losses, the sound- level- in d-B (Ä) can be used- too, of th,e octave
band. speottum contains sou-nd- pressure level-s in the two highest octave band-s
(miùfrequencies {OOC and- BOOO Bz) tfrat are relatively Iow comparerl- with the
sound- pressure l-e.¡els in the other octave band-sg if the sound- pressure
Ievels in these two octave band-s are about as high aa the other sorrnd- pres-
sure levels, the rned-i-an noise-induced- hearing l-osses rnrill be estimated- too
high.
The onJ-y d.ifference found. between the ned-ian noise-inùuced. hearing losses
of rnen and. those of vornen, is a slight increase of DCO(, at {OOO Hz for the
female group at longer exposÌrre times" 1rt the other Ír'equencies there was
not any d-ifference between +he D5O/"-val-ues of men and- women. However, the
d-ata on only one fernale group coútb_ be consid_ered..

As the mean hearing levels of four groups were gi-ven in the l-iterature, the
mean noise-induced- hearing losses of these four groups have been calcuiate¿.
It appeared- that thete tras no d-ifference between these four mean val_ues and.
the med.ian values of thc noise-ind-uced- hearing losses, if aII these values
are related. to the NR for )00 to 2OOO Hz. However, we d.o not exclud-e thepossibility that curves basecl on mean values only have a shape, d-ifferent
fron curves based. on med_ian values only"
Consid-ering the med-ian hearing 1osses caused- by an exposure to noise for
10 years as a frrnction of frequency, our analysis shows that these hearing
losses are maximal- at {OoO Hz and. d-ecrease with i-ncreasing and- d-ecreasíng
frequency. Âfter 10 years of exposure, d.ifferences between the hearing Iosses
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at 3000 Hz and, IOOO Hz are slight" ]lith increasj-ng exposuïe time the meùian
noise-inducecl hearing loss moves from {000 Hz toward-s lower frequencies at
higher NRrs for 100 to 2OOO Hz" At NR 98 the meclian hearing l-oss caused. by
an exposure to noise for {0 years is even maximal at 20OO Hz. If the NR
for f00 to 2OOO Hz is at most 80, the med-ian noise-induced. hearing l-osses
are generated- during the first l0 years of exposure. At l[R 85, DSOI"
increases at longer exposure times - mainly at 2OOO Hz. Aþ higUei iVnt s for
100 to 2OOo Hz the inc¡ease of lrO/" at aLI frequencies, except lOOo Hz, is
consid.erable after 10 years of eip'osure" At exposure times of at least lO
years, the spread. of hearing levels of people exposed. to noise ís ind-epen-
d'ent of elcposure time, at least when are consid.ered- the val-ues limited- by
the hearing levels not exoeed-ed. in lJf" anð, 2J/" of the people exposed- to
noise" The spread of the hearing l-eveIs d-oes d-epend. upon the l[R for lOO to
2OOO Hz; it is an inoreasing function of the NR for lOO to 2OOO Hz, at each
frequency, except at IOOO Hz,,4.t 4000 Hz the spread- is a d-ecreasing function
of the ITR for 100 to 2OOO Hz, A consequehce is that NRrs of at most BO at
all frequencies, except loao Hz, the spread. of the hearing revels of
people exposed- is just as large as that of people not exposed.. The reverse
occurs at high NRrs (at least !6) where the spread- of the hearing levels at
{000 Hz is the same for people exposed- and- people not exposed., but at the
other fequencies the spread- of the hearing l-evel-s of the peopie exposed- is
largero If the spread- of tæ hearing level-s of peopte exposed- to noise is
larger than that of people not exposed- to noj-se, this increase in spread. is
caused- by noise. So, it is possible that in ad.d.ition to an increase in
med.ian hearing l-evel- the spread. of the hearing level-s increases too as aresult of exposure to noj-se"

Next the approximations of the noÍse-induced- hearing looees not exceed.ed. in
lJ/, anð" 2J/" of the people, have been calculated.. lfe subtracted- from the
hearing ]evels not exceeôed. in 75/, anð, z5/" or the people exposed., t]ne
med-ian hearin¡ level- of those people not exposed- to noi-se that had- the same
nean age as the people exposed.. This inplj-es an approximationras the spread.in the hearing levels of people not e:cposed. to noise has not been taken
into account" Cal-culation of the exact values of the noise-induced- hearing
l-osses not exceed-ed- in 75/" anð.2J/" of the people is irnpossible, as it is
not knowir exactly what could have been the hearing l-evel of a person, i+hen
he had- not been exposed. to noise. However, it is possihle to calculate the
noise-induced- increase in the hearing Ievels not exceed-ed- in lJ/, and ZJ/"of the people" l"ihen we ind-icate these shifts by D751" anù D21/", t:nen D75,gr",
nW"/" and D25f" are equal if the spread in the neariiþ' revets-liá not :-nåíäáse
as a result of exposure to noise, ancl they are d.ifferent if the spread. in:creases" The d-ifferences betwee" \2/" and, D5O/" and. between D5O/" and, D25cfiare ind-epend-ent of exposure time , a7' exposuíe' times of at leásî fo yeãí's.
These ci-ifferences increase with the NR for lOO to 20OO Hz al all frequenciesexcept at IOOO Hz, rvhere they áre d.ecreasing functions of the NR for fOO to
2OOO Hz,

To the Report an append.ix is ad-cted-; it gives atl d-ata necessary to estimatefrom noise measurements;

i
ed- hearing losses, not exceeded. in

ng levels not exceed_ed_ in 751" and-

s of a group exposed_ to noise, .FrÍth
an arbitrery mean age.

All these estimati-ons can bo uacle for exposure times between 10 and. {O years
and. NR for l0O to 2OOO Hz betr^reen 15 anð. 9g.



T. INIIRODUCTION

Sound. is essential to human society. It gives information on what is
happening in our surround.ings" Sou:rds are important because they serve as
signals in our work, at home and. in traffic. Moreovere the voices that
d-aiIy surround- us are important in our contacts with other people. I,'Ie may,
in fact, concluùe that sound.s to a large extent affect everything we d.o.
Sorrnd-s have either posítive or negative influences. Àt high sound. levels,
even rrnoise d-eafnessrr can be generated-. Formerly rtnoise d.eafnessr' vras
mainly restricted- io that of boilermakers, shipbuild.ers and- weavers.
IIowever, ind.ustri-alJ-zation has spread, and. intensified, anû noise sources i-n
various field.s have be'oome so much stronger that nowadays there is a d.is-
tinct d-anger that noise gives rlse to unacceptable hearing losses in the
employees of many ind.ustries.
0f coursee one can apply d-ifferent criteria to jud-ge l^rhether or not a given
hearing 1oss, so generated-, is acceptable or unacceptible" Actua1ly, speech
intelh-gibility is frequently taken as a stanùard-. The criterion then
applied- is often that the speech irxteilig:ibility to a large percentage of
the people exposed. shall- not be inffuenced-. Once a crlterion is accepted.
for unacceptable hearing Ìoss, the next problem isc which sound. l-evels
generate unacceptable hearing loss and- which sound. Ievels d-o not. For years
alreqd-y, several investJ-gators have made attempts to establish a Iirnit
between noise that d.oes not cause unacceptable hearing loss (safe noise)
and. noise that d.oes (urtsafe noise).
For some years now the International Organization for Stand-arùization
(I.S.O. ) has d.ealt with d.raft proposals in which a like limit is mentioned-¡
the so-called- NR 85 fimit. In these d-raft proposals it is eaid. that if the
sound- pressure leve1s in the octave bands w'ith midfrequehcies !00, 1000 and-
2000 Hz ôo not exceed- 87.5 , 8l and.82.8 d.3 resp., after many years of
exposure d nosrt IO/, of the people exposed. will have a hearing loss that
affects speech intelligibility. In another d.raft proposal a sound- level- of
90 d3 (A) iras been mentioned. as a l-imit between safe and unsafe noise,
This limit is based- on the same speech intelliSibility-criterion as the
NR B!-lim:-t; only the unity in which the noise is expressed. has been
changed..

The d.etermin¿tion of these limits has been based on a relation between the
temporary threshold- shift (f.n"S.) of young people i¡"ith nornal hearing anC.
the noise-induced pernanent threshold-.shift (p.t.S") of people that are
e*posed. to noise for years. This has the ad-vantage that the laborious col-
lection of d-ata about P.T.S. can be omitted- and- that, instead, young
people are exposed. to noise in an experimental situation" Only at IOOO Ez
d.oeg an obvious relation exist between P.T.S. and. T.T.S" At this frequencye
the permanent threshotd. shift caused by exposure to noise for 10 years is,
on an avenage, equal to thè T"T.S. of young people measured- two minutes
after cessation of an exposu-re for one working d.ay. At other frequeneies,
however, l-ess is known abogrf the P.T.S. - T.T"S. rel-ation.
Therefore, the working group cal-led.: rrRel-ation between Noise and- Noise
Deafnessil of the Research Committee on Occupational Health TNO (CarCO) tras
ained. at testi-ng the NR E5 and. 90 dB (A) limits by d.eterrnining the perman-
ent threshold- shifts oaused by exposure to noise for a long tirne. In the
present Report, these threshold- shifts are determined. for noise r,rith Noise
Ratings betwecn 75 and- !8 or sound- levers between 79 anù ro2 ffi (¡,). The
d-oternination is based- nainly on find.ings d.istilled- fron oiticles in the
perÉinent literature.

- Iï. Data -
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rI" DATA

I¡rom a multitud-e of published. clata about noise and- threshold- shifts, those
d-ata have been selected that C.eal with rather large groups of employces,
working in noise. With respect to noise we limited- ourselves to
- noise whose eneïg'y is spreaû rather evenly over the acoustic spectrun and.

d-oes not contain aud-ible toness broadband- noise;
- noise with a rather constant noise level during the working day as well

as in the course of the years: steady-state noise.

Furthermoreeh€bave ørþ ccnrci¿cred. groups of employces that worked continuously
in noise for B hours per d-ay, and. that at least I d.ays a week.
The people whose cl-ata we examined had. neither been cxposed to noise in
previous jobsrnor clid- they have a congenital or sustained hearing darnage;
they had-, however, sone noise-inùuced- hearing loss. Through th.is procedrre
of d.ata sclection r^re found- eight authorsrwhose publications are within the
scope of this Report. Their names are given 1n the first column of Table I'
rrRelationsrrd-oes not inùicate the name of an author: it is an abbreviation
for the títle of the Report on rrThe Rel-ations of Hearing Loss to Noise
Exposurerr. l,ltogether, these 8 authors published. d-ata about some {600
aud.iograms , and. scne of then published. d.ata about more than one group of
subjects. These groups are often d-istinguished- by differences in sound-
l-evel to r,¡hich their work subjected- then. The ind-ications of the Sroups
are presented- in cofurnn 2 of Table I. AII but one groups consist of men;
group F consists of women. The total number of aud-:iograms per group is
mentioned. in column 3 of Table I.
At whicb. frequencies useful d.ata about the audiograms are published- ís
ind-icated- in the fast seven col-umns of Table I"
Since many symbols wil-l bc used in this Report, a list of these s¡rmbols is
ad-cl-ed- on page 18.

useful daia about aúdi

Surns [ 1 ]
callo [2]
nelations[ 3]

ll

R¡senui¡kd-[4]
Nixon [!]

A
B
C1

C2

ca
D

E1
lì,D

E3
F
G1

G2

G3

G4
G5
.fi I

H2
H3
H4
H5

44
400
132

42
l2

540
t948

490
221
461
L4
44
5o
46
24
49
11
t1

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
I

+
+
+

l
I
I
I

I

I

I

I
I

I
I

I
I
I

I

-_-.t

]B

+

+

I

+
+
+
+
+

+
+
+
+

:

;
+
+
+
+

l

+
+
+
+
+
+
+
+
+
+
+
+
+

+

+

+
+
+
+
+
+
+
+
+
+
+

ll

Taylor [6]
çyrin [l]

ll

il

ll

ll

F.v. Laar[ B]
ll

il

il

il

Tabl-e I

çroup I to,o, nunber of
author ¡ndication I audiogranrs Hz i3000 llz it4000 Hz500 llz I 1000 Hz

+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+

I

I
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IIT. IVEDIÁ,N AND MEIIII NOISE.ITfDUCEÐ ffiA-RTNG I.,OSSES

III" 1 Noise-ind.uced. hearing l-osses_as a function_ol exBosu-re_t!*=

[hrelve of the groups mentioneò in Table I, consist of employees who have
worked- about the same time in noise (at least 10 years). The remaining
B groups consist of enployees, who have worked- in noise either some
months up to 40 till l0 years. The ind.ications of these eight groups ares
¿., B, Clr Dl, El, 82, E3 and- Ì-, Thejr d-ata we¡e used. to examine in which
way the hearing losses increase in the oourse of years. For this purpose,
these eight groups were split up into sub-groups accord-ing to exposure
time.
The authors cluoted- gave the mean or med.ian hearing levei- of each sub-group
at the frequencies shor^rn in [abfe f. The median hearing leve], i.e" the
hearing level- which is just not surpassed- bV 5O/" of the hearing levels,
at a certai-n frequency is ind-icated. by Le.5oq"g the mean hearing level is
ind-icated. by Ï"" L".rJO/" was given for the'- 'süb-groups of six groups and.

I" for the sub-gzcuþs of the othe¡ tr,ro groups (Cl and. D)"
In general, an increase of hearing l-evels of people exposed- to noise is
not caused- only by such exposure during working hours. AIso people not
r+orking in noise exhibit an increase of hearing l-evel- when they grow old-er.
Ii'rom a number of publications by several- authors, Spoor [9] compiled., for
frequencies between 25O Hz anl- BO0O Hze curves which give the relation
between the med-ian hearing level- and- the mean age of groups, whose subjects
had. not been exposed- to noise d-uring rvorking hours, nor d-j-d- they d-isplay
any congenital or sustained- hearing d.amage. This med.ian hearing l-evel- at
a given frequency is ind-j-cated- by trn.5O1"" In FÍgures I anù 2, Lr,-5go/" is
ploited- as a function of frequency, iílí-th. the mean age as parametéí ,' f or
men and- women. Spoorrs publication reveals hard-Iy any d.ifference between
mean and- med-ian hearing levels"
The nean age of every sub-group is given by the authors quoted-" From the
mean age of a sub-grorlp Ln-5O1" was calcul-ated- at the frequencies where
L.r.rO/" _o" I is known. The'dÍif erence between L" r5O/" anù Ly¡r5g/o is the
median threshold- shift caused by noise" This incr'êa'se in med-ián'hearing
1evel is called-: rrmean noise-induced- hearj-ng losstt¡ it lri11 be ind.icated-
ay D5O/", The d-ifference between L. and. br,jO/" i, called-:rrmean noise-induced.
hearing l-ossrr and. this is inCicated- by D.-

Lnr5o/" - Lnr 5o/" = lW/"
te - Lns5o"/" =l

(r)
(z)

In Figures 3 9, for each groupe
as a functíon of the rnean exþosure
frequenciess IOOO Hz, 2OOO Hz, 3000
B0O0 Hz.

D5O/" or D of the sub-groups is shown
ti-me of the sub-groups for these
Hr, JOO Hz, 1000 Hz, 6000 Hz and_

4ooo Hz- (rigr:re 3)
From Figure 3 it foll-ows thaf D5O/" and- D i-ncrease as a function of exposure
tíme_(T) wrtil about 10 yearsg áiãrt an exposure time of l-O years, D¡Ol"
and- D remain moïe or fess constant wlth exposure time" Group B is ^n''''exception due to the 1ow ISO/" -value at T = l! years" For each group, the
best fittiirg line was ea, l eilâte¿ accorcl-ing to the method- of least squares
from.Ilr.e D¡2O4,"- and. D-va1ues of the sub-groups wi-th exposr-lre times of at
-Least J-O years. These best fitting lines are the lines for which the
vertical d.istances of the points to the line are minimal. The slopes of
these lines can be taken from Table rr" r'or group B, two best fitting

- lines -
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l-ines are calculateC., one (sJ-ope -0.15) witit D5glo at 1' = 39 years
excluòecl and- the other with D5O"ll at î = 39 yeaíÁ'no'o excl-ud-ed. (slope
- 0.125). Und.er a hypothesis tÉ.at the slopes of the best fitting lines do

not d-iffer from zeroe it was found- that this hypothesis j-s correct lor 6

of the 8 groups at a signifícans level of J/". The lines of groups B and-

F are the exceptions. Ilowever, when rue ignore the value at T = 39 yearst
oua. hypothesis can also be acceptecl for group B. For the exceptionally
low value of D5Of" at T = 39 years we cannot give any explanatiol1. -F-or

group F the hyiothesis is rejected-; the chance that this conclusion is
incoryect is of ihe ord-er of Lf"" Group I- is the only gloup that consisterL
of rvonren, I'lith respect to men r^re conclude +naf D5O/" and- D are independ.en-':
of exposure tirne for exposure times of at Ìeast 10' years. ,rO/" and- D for
exposuïe times of at l-east IO years are ind.icated- Ay D5O/" (T '- 10) and-

5' (r > ro).
DSof" Q ¿ fO) and- il (l > t-o) are characteristic parameters of the noise'
iñd-i;.ced- hearing losses at {OOO Hz.

2OOO Hz (r'igxlre 4)
tr'rom Figu.re { it foll-ows that at 2OOO nz D5Of" and- I are increasing
functions of exposure time; a constant course at longer exposure times
cannot be perceived. Therefore, at this frequency r/re deternine the best
fitting lines per group from the l12O"/"- and. D-.values of all- the sub-g;oups.
The slopes of these lines oan be taken from Tabl-e III.

Tabl-e II Tabl-e IfI
Slope at {COO Hz Slope at 2OOO Hz

0.0
(-o.rl )-o .Sn

o" oi
0.05
0"05
o.02

-0.05
o"26

dBfycar
il

il

'r t)
L o J)

0.62
o.76
o.32
0.10
o. 3r
T.I9
I. IO

dB/yeal
il

il

il

il

ll

il

A
B
C

D
E1
E2
E3
F

At 2OOO Hz the slopes of the lines D5Ofi versns T and 5 v"""t-s
characteristic paraneters of the noise-inûuced hearing losses.
slopes are j-nd.ióated- by :L5O/, anù ã* ,respectively

3OOon 5oo" IOOO" 6000 and- BCOO Hz (riss 5 . " " 9)

tr'rom Figures I . ô o ! it fo1lor,rs that DgO1l" and- D at the frequencies
mentj-oned- above are neither linearly increasing functions of exposure
time (see 2OOO Hz) nor d-o they remaj.n constant for_longer erposure tines
(see {OOO Hz). IIowever, it is founcl fh,af DJO(" and D increase more rapid-ly
d-uring the first 10 years of exposure than during longer exposure times.
Therefore, at these frequencies the best fitting lines were calcula-bed-
for exposure times of at least 10 years" The equati-ons of these lines are

T are the
The se

- shom -
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shown in Table IV and- the rines are d-rawn in Figures ! 9"

Table IV

t
Ii group

D

Ð
.D

C1

F

-0.OiT.3.3

Dmi= 0.17T. 0.2

D"-0.03T.1.ì

D51;t0.121 ' I .7

û-= c.tiT. ¡.+
D SOi=0. ?3Tt 't+ . tt

D.0.09T.12.0

Dg;." 0.21T , 25.5

DSOÍ.0,40ï.33.0

best fitting line for T ì 10 yea"s

JOO Hz 1000 iIz 3O0O I{z B00o Hz

I) " 0.05T - t0.l

Dgr -0.02ï.Zl.

D¡OZ: 0. 47T+21.3 DgB0.38ï..10.8

Und-er the hypothesj.s that the slopes of the l-ines do not d-iffer from zero,
it r¡as found- that thj.s hypothesis is cor¡ect at a sigraificans l-evel of J/"
for the lines of group D at !00, 1000 and- 6OOO Hz and- group B at !00 and-
6ooo Hz.

To characterize the noise-ind-uced- heariirg l-osses at 100, 1000e 3000, 6000
and- 8000 Hz, we have chosen the following tr,ro parameters: the mean or
med.ian hearing l-oss causecl b¡ exposure to noise for l-O yeaïs (lqOø(T=lO)
or D(l=10)) and. tl:e increase per year of lSo/" or D for exposure-ii-m"s
longer than 10 years"

IIT"2 Relation between noise and. the characteristic parameters of the
noise-incluced. hearing losses
*;;-"; ;"; ;;;";;;""u in rabte r consist or employees who have
worked- aboui the same time 1n noise. In Tabl-e V the mean elcposure times
of these 12 groups are presented-.

Table Y

gToup exposure time
ars

c2i17cal18
G1 i L2.5
G2 i r2.5
G3 i tZ,5
Gtt i I2.5.tG5 i tz,5
ïI1 I 15
H2i 15H3!rr
H¡lt5

I "rj t¡ 
i

For these 12 groups the mean o¡ med-ian noise-ind-uced hearing losses have
been calcul-ated- at the various frequencies. As the exposure time of every
group is more than 10 years the value calculateù at 4OOO Ez for a given
group is equal to D5o/" (lZ fo) or 5'(rz fo). For all croups split up into

mean
in

- sub-groups -
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sub-groups, the mean value of D5Ol" o" 5 i',-as been calculated' îron I']o.e D5O/"

or D val¿es at 4OOO Hz of aII tÉe'sub-groups with exposuf,e times of at

feast IO Years

It goes r¡rithout saying that A 5O/" ov I at 2OOO Hz of a group has been

calculated. by d-iviaing lrrg6 oí"!Y by the nean efposure tírne of the group'

As can be seen from Table I, DJO/" or 5 at !OO_, IOOO, 3OO0e 6000 and-

BOOO Hz could not be calculátei-io, eaoh of ttre twelve groups' The mean

of the írr€â1l exposure tir,res of the Sroups with d-ata at J00 IIz is 13 years

and,attheotherfrequencies,14years"Therefore,weconsiÔerthe
calcu1ated. vafues at lOO ITz represóntatíve for an exposure time of 13

years and., at thã otirér frequencies, for an exposure time of 14 years'

The Dcncl- anct D-values of the groups splít up into sub-groups, have been

;;í";?""'i"a'-¡y uu¡=+"ituting T = 13 ór T = 14 ín the best fitting lines,
cal cul-ated. in III " I.;il;ö;";r;/" 1-r-=*il),5 (r = 13);,>o/:.!T:1a) and il (r =-r'{) are not

the characterlstic parámuters of the-nbise-índuced' hearing losses at the

frequencies lOO,-fOö0, 3OOOe 6000 and- SOOO Hz, the ¿iffe1'ence between

these val-ues and. the vafues of characteristic trnrametets D5O/" (l = tO) or

it'iõ-= iõi-i"-;ather smatt; this can be seen from the best fitting lines
D5o/" (or 5-) versus T, calcul¿rtecl in III"1'

Noise
ñïËn preceding paragraphs tire values of the characteristic trn'rameters

of the noise-inãuão¿ ¡eu,ring losses have been cafculated-' i:e want to
relate these vafues to noiseg therefore'I're have to characteri-ze noise in
some way" It i-s for instance possible to characterize noise with the

sou¡d. l-evel j-n d¡-(,t) o" with an octave band- spectrum. The sound' Level in
ã¡ fnl-ái"ã=-tir" oieralr sound- level, although the intensíties of the

high and low frequencies aïe attenuated in a stand'ard.ized way' In this
\rays noise is chJracterized- with one number" To characterize an octa've

band- spectrum in one number'!'Ie can for instance use tire rrnoise ratingrr
syetem. This number can be cletermined. by comparing the octave band

spectrr:n witlr a set of noise rating cur.ves, sone of which are shom in
Figure 10" For sorne years the I.S.O. has d-ealt with a d-raft recommenðatiùn

in which- noise 'vras characterizeð' by the noise rating number for the three

octave band.s rrith midfrequencies 5ô0, IOOO an¿ 2OOO Hz" The NR for 100

to 2ooo Hz of a noise is equal to the number of the noise rating ouÏVe

that is just not exceeded- by the part of the octave band- spectrum in
these three octa.¡e bands" The NR for loo to 2OOO Hz of the spectrurn,

d.rawn in Figure 10, is equal to )6. Although the I.S.0. related- only the

hearing t-osses at ioO, rOoo anù 2OOO Hz to the IIR for 100 to 2000 Hz, we

shal-l- examine whetler'there is also a relation at other frequencies'

The octave band- spectra of the noise in l+hich the grollps worked-, are
plotted. in Figo""ã tl and- 12" From these spectra have been cafculated
the sound f evel in d.B (¿.) ana the NR f or lOO to 2OOO Hz; The resul-ts are
presented in Table VI.
For most of the groups, the numerical d-iffeïenoe between sorrnd- Ievel and

NR for lOO to ZOõO Ez ís about \9 for group C1 this difference is 7.

- Table VI -
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Tabl-e VI

sound level
in d:(Ä)

lrTR for !00 to 2OOO Ez

LO2
97

to2
95
97
B6
86
OA-/+

100
ro2

19
84
B9

97
100

86
B6
95

100
ro0

Most of the spectra have about the same shape: relatively low octave band'

level-s in the lor^rer octave bands, a ma)cimum at )ooe 1000 or 2ooo Hz anfl

relative'ly low octave band- levels in the t'¡o h.ighest octave band-s. .A-s

the relative low level-s in the fower octave bands are attenuated in
d.etermining the sound l-eveI, these levels do not attribute to the vafue

of the sound l-evel-. The fevels of the two highest octave bands hardly
attribute either, as these fevels are rel-atively J-or+ compared- with the

l-evel-s of the o"íurr" band-s with rnid.frequencj-es 5O0t 10OO and' 2000 Hz'

since the levels of the two highest octave bands of group cI are relativel¡'
large, these octave bands attribute to a large d-egree to the d-B (l)-value
f or this groltp.

In Figures 13 . ".
2OOO Hz are d-rawn
tSo/" (T = 13) and-

at the remaining

In Figures 20
level in dB (e).
i¿iith reference to Figures 13 26 we will- norv ansi{er the following
questions:
l" llhich noise quantity gives i;he most accurate refation between noise and-

noise-induced hearing loss?
2" fs grere any d-ifference between mean and rnedian values of the noise-
inducerL hea,ring losses in relation to noise?
3" Is there any dífference between noise-j-nduceô hearing losses of men

and- women?

19, Dcoq, (IZ1O) and- 5 (lZ ro) at {oOOt L5o/" anù ¡ at
as-a iuÃction of the NR for 100 to 2OOO Hzr-and so are
t (n = 13) at Joo Hz and.D5o/" (l = r4) and- 5 (l = r4)

frequencies.
26, these values are plotted as a fr.rrction of the sound-

9B
a2

9'
a2

94
B2
o¿
90
96

Õ
nÊ.t)
BO

B6
ol.

96
B2
QÔUC
a9

)t
vt

^
3
UI
C2
C3
D
Er
E2
E3
F
G1

G2
G)
d)UA+
G5

H1
H2
H3
H4
H5

-Âs-



-8-

Astol.ConsideringFj.gu.res13.ooLgitisfound-thatthed-eviationsof
än;"Ai"t;-f;;; the curves are sroa1l,-although the NR for loo to 2ooo Ez

onlyd-ependsuponthesoundpressuleJeve].sintheoctaveband-switlr
midfrequenciesloor1OOOand'2oooHz"Evid-entlythesountl-pressurefevefs
in the other o"iutó bands do not affect the hearing level" For the octave

band- with r,ri¿r"eãuenãy BOOO Hz this can be demonstrated- by means of the

l-values of gtoni--ófr"fn"otn at IOOOe 2OOO 'ìnd- {OOO Hz' Group Clis the

only group that *o"Ëá¿ in noise rr¡it¡ a hig'h 1evel in the 8000 Hz octave

band_" If this fevef had ori-g:inatàá any heãring loss, then the points of

ã"otp C1 nould- have to be found above the curves"

Sincethed.eviationsofthepointsfrorntheculvesinFigures13.ool-9
are rathe" "*uril-lrr" 

rm ro"-5óo to zooo Ez is a quantity frorn wh-ich the

noise-induced hearing losses can be estirnated. accurately" -lilhen we ígnore

thepointsofgroupCllit-is,'ot".,"p'isingthatthed-eviationsofthe
points in Fis""ãå--äO l]. 26 (sound- leve1 in dB (l)) ana those in Fisures

13 .oõ I) ate about the same, r" thu numerical d-irl-elences between soirnû

lever agd. NR ro"-ioo to 2ooo'Hz is about \ lot all groups. The d-eviation

of the D-valucs of group C1 in Figures 20 ':: 26 is' of oourse' caused- by

the high level in tf,e BõOo-ltz o"tã.t" banô' it affects the sou-nd level' but

not the trearing i".rãr. Thcrefore, for spectra r,s-ith an arbitrary shape,

the relation beti+een noise-ínûucá¿ hearing loss and ldR for l0O to 2000 Hz

is more accurate than that between noise-induced hearing loss and- sound

lcvel "

As to 2. The nean noise-incluced hearing losses of { groups (cr, C2, C3

äåa"il=åtå"präìt"¿ in Figures 13 . o. It" The verticar d'istances of the

nean val-ues to ilre ".r"ruã 
in the Figures are about as large as the

distanccs of the med-ian values to the cusvese although the curves are

mainlybased.onmeclianva].ues"A1tlrougÌrthereisnodifferencebetveen
mean and median values, rrle cannot cxciud-e the possibih-ty that curves

based on mean rrrl_ues oáty, r,ri1l- have a clifferent shape" since the curves

in Figures 13 1! are mainly based on rned-ian values, we consid'er these

".rrves 
representative for the .ined.ian noise-induced- hearing losses'

As to 3. lne D5Of" values of the female 6,-follp (F) irarûry d'eviate from th'e

Ë;"Ë"ti"-pig"="" i¡ .-9t arthough these cunves are r'rainfy based on

noise-induccd- hearing losses of men. This means that the noi-se-induced

hearing losscs of this group of r,¡omen do not differ from those of men'

Ho-never, we shoul-d "o"unìb"" 
that the noise-ind'uced hearing losses at

looo Hz of women increase for exposure times longer than 10 years' For

the rest, thÍs increase is rathei smatl , tt--z. about ! d-B during the whole

exposure rime (3ä";;;;;)l-"r.:,ch means a variation of 4"5 ð3 around the

mean value d-rawn in Figure 13'

I1I. 3 lncrgagein thg rne{ia'n-a3d--nrgag go1sg-1nÈuge{ þeerlng logses
rn-rg.rstf"E !"-iþ"-tg¿l"g gq E"ã"-hg"Ii[sjgs se s causgd'-b¿ an-e¿Posgre

t o_noi s e-f gr-Iq ¿egrg"
ïn ïII.1 has beon cal-culatod' tho increase of ISO/'anù D

IOOO an¿ 3OOO Ez for exposure tines of at leasi iO years' These increases

peryealareequaltothes}opesofthebg"lfittinglJ.nes,calculatedin
III.I-. The lncrease per year åt U,64" and' 5-for exposuÏe times of at least
Ìo years is denoted by. nsof" (lz lö) "na Ï (n= 1o)' rn T}ry"u 27'

¡so%(T>10)"na îiõz;ó¡ ä?"60ò,-rooó_and Sooo Hz are plotted as a function

oi NR for. 5OO to 2OoO Hz. lfe will relate L 5O/" llZ fO) and ^ ¡ 
(l¿ rO)

;iril'"ñ," (ñ"=-ioi; tni" reration r¡-i'I turn-oût to be verv simpl-e'

- Therefore -



-9-

rhererore, rirst Dsol: (r = ro),:t 5??î 1?o?^i"*"t?i?ii"oîä',oi"irå3|""t-
THä"i;" :å.;'J :;, ;5,'r" H íön' r ñ. 

; 3 i i l: " i. 
g 
"":- 

j "ì #å"*,lu ) 
"i 

Jl:: =ated by suorraarrrrs rrwnL !)u'fr 
ì-r+l-áí rooó gr rrrd.3ooo tt, (Figures rl

n5o'¡ (!'- lo).and ri"tt,D79n4 lÏr: ¡-^.¿ (rr,> ro) is taken rrom Figure 21":zÍ",t\' ä' l' ;: :' "^Zå.i ?fl:+ ì :, *' i É 
q i- t i:. i:; 

" 
I : :li ::.'- : å- ; i' ffi î "'+;iåi :3ì" f*T'"-;:" ,033%*!'ão#,å, i?o"%"åå"riå',;; presenrecl in lable vrI.

^e r\-^^/ fn¡ ar.¡ôslrre tir¡eincrea,se ot.l5Of" for expost": 1t-i::Next has been cal-"úlrt"¿ the relativ> increa,se of Dso/, for exposure rl-lûes

^r qr roesr ten vears in relatí;; l" %O/" (t = tO).-this relative increase
of at feast ten Years in.relation to

per year is; 1oo x tf${p-jfi l"

The results are,shor';rn in tire l-ast colur¡ns of Table VII

Table VII

6.2
I r¡.0

21. 0
25.2
30.0
35.2
1.

0.09
o. 13
0. 17
o.2l
o "26
o "32
U"

anf year
il

il

il

il

il

il

2.5
2,4
2"6
oÃ

2.

r"5 /"
I.O
o"9
o.9
a\O
1.0
l_.0

pel yeall
ll

ll

ll

il

ll

ll

pel year
il

ll

ll

ll

il

il

per year
il

il

ll

It

ll

il

,l
/a

-
0.0
L,9
2,I
2.r

0.0
0.0
'A
+"6
4.9
(. (

5.8
L2,6
20.3
24.8
29,O
34. O

d_B
il

il

il

ll

ll

lt

llR for D562 (T = la)
to 8000

s0
,lz

BO

B5

9o
92
94
g6

d.B
ll

1t

ll

ll

il

ll

Table IIII shows that at J00 ÏIz A = to)
I^le

Ieast
dB,ú.a"
has

r.'c -^-D$:i!li#lu,
lliì for 500

to 2000 Hz

Ds¡Í (T - ì3) i o*Z (T > ltt) D'¡r, (T - l0)

BO

85
9o
OD

94
96

0. o d_B

0.0 rr

0.0 il

r,5 ri

) A ll)o+

5.5 '|,

o.o al/tear
nôll

0.0 rr

0.0 rr

0.06 il

0 " 1:l- rr

0.0 d-B

0,0 ''
0.0 rr

1trll
? tll

5.2 "
8.0 ì'

a¡c;; (t àlc) Dp:. (T = lf)) a'nrl (TZ lo)
nööi-rr=--mr-l'lR for mo I 15¡'¿ (I = l4)

to lÛ(iO Hz i

80 i o dB ! o.oanfYeat
85 i o " ] 0"0 rr

go i 3.0" I o.oZ::
92 i 5.0" io"lr'l
94 i 6.5" i o.rl 

:1g6 i 8.5" I o.l?::
10.5'r i o"23 ll

a 5¡z (T¿ to) i 
onr (T = rtt) Aa7 (Tz t0)

Dqn+ (T ' l0)

- been -
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be en caf curated_" At looo Hz and 3ooo I{z ïre assune that the increase of

nw/" ler yeaï ràr exposr.rre times of at ]east Io years is equal to 2.5/"

anð, Lþ o1 DSql" iT =--íói;-iir" maximaf místake is at NR 94 (o'ot ana

0.03 ô3/Year ) "
at 600o ilz 4564" (nz 10 ) below

NR 98 the relafive increase of D5Oof"

he only thing which can be said- about
'e increas" ol l5o/, is equal to Z'fl"

of D5o/" (l = ro).
In Table \IIII fhe
lSol" for exPosure

resul-ts are preõentecl about the relative increase of
tines of at least 10 Years'

Table VIII

FrequenoY

500
t-000
2000
3000
4000
6000

il
lt

Increase
relati on

2f"
2,5

10
I
0
ll

l_. 7
o.>

of D5Or¡" at TZ 10 years in
to T=l-0
per yea.r

ll

ll

rr below
at

rr at

NR 92
NR 98
NR 98

ictions have to be made' In Figure
ction of the NR for !00 to 2OOO Hz

NR 98), However, we cannot accePt
Z IO) of men and' wonen is equal,
tfY¡ at {OOO Hz th'e refative
or the fenale group O'|/"'Lf 2OOO Hz

ITI ¿'¡.nd Figure 27 show that at
an IIR of at nost !1, the relative

en working at NR 98 it is also
that for nen working at NR 98 the

al to 2"5/"" The sarne reasoning can b

the increase of D5g/o f or rtlerl âÍrd

worrte¡ is equal at IOOO, 2OCO and' 3OOO Hz, it seems reás'onable to suppose

that this is also corróct at lOO ITz. We have to be more cautious with
c s about the increase of arL z" JL

í 11 sholvll tha't fcr inen A s e zero 92'

E y assuriring that t,5oS ( NR qual and

'w can nake ã mistake-ihaf rif or-1r

H n view of the relative nce Hz he

d- n and- I^Iomen (cl-ifference Ìre that
t of tsoà (lz io) for men &s wom is
; "i 

gdóô Hz" FurliTter, vìIe at st i
\nut looo¡" ut gOoo Hz tooult stif] incr r I of e t
NRr s of ât most !2. To cstimate the íncrease of D5O/"_at 6000 Hz and'

BOOO Hz, f or NRts betwecn )2 anð' )8, we assume ,that !201: '-l"leases
Iinearly -,^rith the lfR" Then the irrãráas" of DJO4" relatív'e to D5O/" (l=fO)
at NR's of at feast NR !2 is:

at 6000 Hz c 0" 28 (nn - gz) /z per vear
at BOOC Hz c 0.37 (mn - 92) /" per vear"

- From -
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rromthedataoíTableIX',and-fror¡Figures13Ig,themed-ianhearing
l-osses caused o; ;; "*po.ú"" 

to noise for 10 years anð' {o years have been

calcu-1ated-, fn úier.""s'ZB an¿ Z9 D5,Of" (f = fO) and D5O/" (f = 4O) are plotteÖ

as a function of I¡" Un f or loO ¡o- 2ll}o Hz"

l:T:-.4Norsg-rnÈuced.þearlnglosses_asafr'urction-of|reogency
up ti1] no.w.r{e l:.ave considered the d-ata of the rnedian hearing losses at

fixecl frequencies. Finally we will relate the results at the various
frequencies. trrã"år""", tfie median hearing losses caused- by exposure to

noiJe ror ]o and. {o yea,rs are prott"u 
3"rã,tïî"ilå"rål ii"*i:"3:ü"lril,
d-" In these Fì-gures it can be seen
o 2OOO Hz increases with frequencY
1I higher frequencies" This means

tnof o" al-} NRts considcredq tb'is
¿\).

A.t NR 75 ani- i[R Boe D5or'h (n = lo) and' D59/: (t.=.{o) are equal ai each

frequency, u*"opi-ier {ó'óc'nri 'cnen D5o/". (h . 40) is onlv one dB higher' So

both at l{R T5 oi.¿ NL Bo the nedian béaiing'losses are carrsed by noise

d.uring the first IO years of cxposure ancl remain constant at longer
exposure t;mcs"

At NR 85, l5O/" öoes increase after lo years of exposure at 2000 and- 3000 Hz

anc. at IIR 90 at loooe 2OOO and.3ooo Hz" rit ]{R !O the rnaximurn of^-D2?/"

changes from {OOO Hz to 3OOO Hz in tl:e course of years" 4't t{R p! there is
a o.istinct incråàse of 'D5Of" at all- frequencies cxcept at 4000 Hz for longer

ercposure times. Finally át'fVn 98 tire maximum of D5O/" $roves from 4-000 Hz

tonards 2OOO Hz in the coLl:cse of ycars"

III. ! &egigw-ot $1.! . ". UI.4
Below folloi,¡s a short review of thc subjects treated in this chapter'

In the first part of chapter III , we considered the dept-ndence c -Lher:e:"nanû

mcdian noise-induced. hearing losses on cxposure tj-me' l'ie found- tl:at this
cl-ependence varicd- with frequency" Characteristio parameters at the various
frequencies of noise--induced- heàring losscs have been deternineÔ frour the

rclation bet.ween noise-induce,l hearing loss and- exposu1.c tirne.

The val-ues of the parameters can be estiniated' nost accura'tel-Jr íf the noise

is exprcssecl in ltrRts for lOO to 2OOO Hz, although the sound l-evel i-n d-l(A)

can be useC. for spectra r'rith a certain shape as wel-l-"

The calcul-ated- mean noise-j-nd-uced- hearlng losses quite well fit the curves

mainly based- on medi-an noise-incluced b-earing losses" F\rrtl:cr, the median

noise-induced l:earitrg losses of the only fernale group are about equal to
those of men, altirough a sfight increase of D5o/" at +009. TIz f ot longer
exposuïe -i;ines has bãen found for the feniale -gr'oup" As there are only d-ata

on one femafe gToupe it is not justifietJ- to concl-ude that at each sound

lcvci the rleùiá.r trãíse-induceù hearing fosses of me-r and wcmen are equal .

Therefore, rve consicler our rcsults valid, for men only"

For simplificationr',;hg j-ncrease of the med'ian noise-j-nduced hearing losses
for longcr exposuïe tines have been expressecl in the ured-j-an hearing loss
caused- b¡r an cxposurc io noise for 10 years'

In III .t! ttc consid-ered- the nedian noise-induced- hearing losses as a function
of, frequency for varioug'lüRrs for 100 to 2000 Iø a:icl exposur..r ''¡;incs"

- I{eC.ian .-
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Med-ian noise-índuced heari-ng losses d.o give important information about

¡re damag" "r,r""ä-¡J ""ise, 
but we should not base on it a limit between

safe and u.nsafe noiäe. To d-o thís it is necessary to have information
about tlre maxirnun hearing losses oausecl by noise, i"9" w9 lra-v¡ to be infor-
rnecl about the trearing losses which are less favourabl-e than the ¡nedÍan

values. These probleñs are elaborated' in the next chapter'

ILr SPRE¿.D OF I{OISE-INDIICED HETIiRING LOry

This part of the Report deals with the spread of the hearing levels anù

f the authors whose data were elabor-
rnation about the spread- in the hear-
IX. shows for which groups, at which
own.

Table IX

Group

3
E1
E2
E3
F
G1

G2
G3

G4
G5

ï11

H2
E3
E4

tr'reouency in HeYt'z
- 5õo -l- rooo -T- æoõ 

--|.-iooo-l-æ-oo 6000 8000

+
+
+
+
+

:

+

+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+l+,t-'-l
r¡-1- i,lrl
+l+

I

'la'I
rf,T

'ff

++
'I1

+
+l+
al-¡-
'j
,lL-l.

I
t

:

;
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+

+
+

IV.1 Spread--as a function-of exposure- t!t=

For each of ttre groups from Tabfe IX, Ler.75/,' LurrO/"

knor,m at the g'iven frequencies" Lls rxf" ís the hearing levef
ãxceeae¿ AV 4" of the euiptoyees. ' Soth the difference
and" Ls ,5O/" and- that betr+een Ler.5O/" and- I9r 2?"/" """ measures

the hearing levels" These differenccs lúIl be Ôenoted- byl

A+Le, jo/" = Ler75/" - Ler5o/"

and Ls,25/" u".
that is just not

between Le,75/"
of the spi'ead. in

A-Le, 5o/" = Le r5o/" - Le r.25l"

îil:-r:: :îîi:ffi: ïî,'::':i iîu'"o.lÏ" '5o%rå"u..^"":"'5o/"ä:r.I::3,"ifl:"*"
t+Lur5O/"- ana ¡-Le. JO/"-va1ues 

of the sub-groups ls'ith exposure tines of at

l_east 10 years of ;ilá-þoop" spli_t up into sub-group?+_*""",consid-eled as

a function of exposure tinã. ¡'ieures 33 .. " 41 8live O-rI,e, JO/" and' L L.r5O%

-of-
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of the sub-groups as a frrnction of exposuÏe tj-räe for the frequencies l0o'
lCOO, 2OOO, ¿OOö; 4OOO, _6000,anC. 

BOOO IIz. Table 'X presents the-best fitting
l_ines, calculateä u,ccoíding to ¿re method- of least squares, and- the mean

valueå of fr.i.\o1"";;i*;ï" ,5o/" Gr soes wl"thout savins that these val-ues

are the rnean of tbe A l,e,5go¡-'"uïd"of tne L-Lei.51/"-vafues of the sub-

groups with exposr.¡re timeË-oî at least 10 years)"

i Best fítting line of üsan valus of

1]",$i¡.,.,

5.3
5.1

8.4
B.B

7.5
12.4

10,7

13.0

11.6
15.8

7.0
I 5.0

g.B

ô.9
'll .0
6.6

13.6
00

13.7

Best fitting line of

A'Le.50il Yersus T

I Z '10 years

a'[ersÍ '

F rcq, 6roup
A'Le. SÍ versus T

T >'10 years

value o{

fi"¡,
l0 year

lflean

a-Lq
t:

500 Hz
Í

.1000 
H¿

n

2000 Hz
il

I

il

il

4000 Hz
il

lt

il

lt

6000 Hz
ll

3000 Hz
ll

8000 H¡

í
rl

n

u

lt

I

il

il

lt

il

ll

n

I
il

il

il

At each frequencY, the
cafculated- (see Table

nean of the sloPes
XI).

Table XI

B

F

B

t
t1
E2

E3

B

F

B

F

E1

E2

E3

B

F

B

F

F

t't* m:r : B.Bgl : tr:r,
rr o0.l3I .5.9 ü.

llo

il"

llÊ

ll .
il,

n.
f.

n_
il.
lt

il,
il

il

lt

il

ll

of the best fitting Iines were

. 0.14T . 4'9

. t),0lT . 7.3

"-0.03T.12.6
.-0.331.19.0

" 0.32T ' ?.0

=-0.09T.14.'l
.-0.12T . ì8.0
--0.10T * g.B

=-0,26T.21.0
- 0. l0T * 7.9

=-0.06T * 8.4
.-0.10T *'12.I
.-0,05T ' 8.0

'-0.35T - 20.3

.-0.041 *'1'l.0
= 0.06T r 12.0

,0 l2T . 9.6

0.07T * 2,6

0.06T . 5.6

-0.0.lT * 7.0

0.09T * 3.6
0.10T. 6.9
0.00T . 13.l
0.20T . 3.i
0..l2T . 6.8

0.05T . .l1.5

-0. 'l0T - 13.3

-0. 20T . '17.7

0.01T * ll.4
,0..l0T.10.3
-0.08T * '13.2

-0.1iT - 12.8

0.18T * 14.6

0.04T * 9. l
0,0 4T . '10 ,3

+

+

0,03
0.03
0.10
0.03
0.11
0. rl-
o. 04

1,4
4.5
6,?
6.7
5.?
8.8

ì3:t
1.4

10.3

12,t+

t0.5
13.1

il.6
'lo

'ì1.6

B,I
t7.B
10. 2
.l1.4

d3/year
ll

ll

il

lrlean of- the sloPcs of the besì

linee ¡rlrr50f versus T

lfean of the sloPes of the best

ì i nes ¡-Lsr 50l versus T
fitting fì tt i n9i

500
1000
2000
30oo
400O
60oo
8000

o"07
o,74
0.0 2
0. 11
0,08
o"20
0"06

ðts fyear
il

il

lt

il

ll

il
il

Table XI shows that there is hardly an increase or òecrease of .-l+t'"t'5Of"
åiä'ãr"- l-l]iooq" with exposure time. und.er a hyþothesis that the sr.:pes

of gre best fîtifng lines do not differ from zerot vüe can accept this
hypothesis for all best fitting l-ines inclependentiy on a significans-1evel
of 5%.

- Thereforet

Table X
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Thereforee otlr final conclusion ise the spread'

ind.epend-ettt of exposure tine, at least for the
of the hearíng levels is

range that embraces JO/" of
the hearing levels.
IV. Z Aplrgxirnatlogs-oq qoi s e -lndgced-heari ng-lgsgegs a-f gn cti on ef 

-N!
t"f 2Oq to-2000 Hz

In chapter III, the nedian noise-induced hearing loss is.d-efineù by:
ifO,,ú" - Ler 5O/" - LnrSO/" (f )

In the present chalter we no!ù define ¡

D'Ij/" = L",Ij/" - Lnriol"

n' 25,1" - Le t 25f" - Lnr5o"/"

The accent at Ða(, indicates that D'75/" anð'Dt 7nt/" 
are only approximations of

the noise-ind-ucäál n"a":-ng losses, nàí'-.xcee¿e¿'íï lJ/" anð' 25Í" of the people

exposed-. I,.tre have accepteã, as it T¡IeTe, that each employee working in noise,
nno.,rl-d- have had a hearing Íevel equal to the median hearing level at his age,

if he had" not worked in noise.

Consider the d-iffeïence between l'75/" and D5O,/. and between D5Of" and- D'25'¡'

D' 7j/" - D5o/" = (Le r|5f" - Lnr5O"/") - (l" r5O/" - Ln,5O/) - Le: 15'/" - Le r5Of" =

= L+L" r5ol" ( t )

a5o"i, - l'z¡¡t/" = (L" r5o/" - Lnr5of) - (I" rz5/,--Lnr5O/") - LerSo/" - L"r25/" =

= L-Lsr5s/" (B)

Tn IV.l we have alread-y seen that A+Le.5glo and. À-Le" \O/" ate 'independent
of exposure time" If we knon the d-ifferóírc'e bett¡een'- 'l'1fl" anù D5O/"

anù between Dqnd^ and- Dr26, at a certain exposure time, then we know these
,lifferencu= u{"'åny "*po|ú 

e time. In wh:ich way these differences clepend-

upon noise is not yet known. In the following we l¡'ill- exarnine this poini"

Calculation cf Dr?q/ and- Dr25%

Dtl5/" and- Ðr2J/" of the groups, not d-ivid-ed into sub-groups, are calculater
ly'á{.r.ltrac+,i-.Ã-g'Ln"5Ol" from 1," ,75cf" anð' !"r25/"" Lnr5o/" belongs. to the mean

age of the group--(Éé'; formul-aå'5'u"* 6)"'Tñ'e mean exposure time of each
g"orrp is between fO and- O years. D'751" and- D' zJf" of the groups that are
d-ivided- into sub-groupse ar'e d-eterminéô by caloulating the mean of the
D'Ij/"- and. of the Ð'25/"vaLues of the sub-groups rrith exposufe times
roetween to and. 

';ó;.;í!;.--(,0,i-5oo Hr, I values of D'1jd/" and of Dt 2576 are
knor,m, at l-ooo Hz ! values, at 2OOO Hz 13 values , ?t 3000 HZ 1I values,
at {OOO Hz IQ val-uãs, at 6óoo Hz LI val-ues and. ai SooO Hz I vatues. )

As the mean of the mean exposuïe times of the groups consid.ered at 500
an¿ I-OOO Hz is ll years, and. at the remaining frequencies I{ yealst Ì'íe

consider the values at lOO ancl ÌOOO Hz representative for l3 years and- at
the renaining frequencies for 1{ years. In FÍgutes \2 . " " 48 D'75/' and-

D' ZjîL are plotted as a function of the NR for 500 to 2OOO Hz, and- so are

:i5g/" (t = 13) at lOO and- tooO Trz and l.5ofr" (l = r4) at the remaining

frequenci es 
"

(i)
(6)

-In-
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'75qo and. t5o/" ( ,{[riof) and thc
LL'r'io/") , aíe' plotted-'âs' a function

;;:Í';":"i" J;?i'i' ffi::"X3 ;i;"1u"
they can be used. for every exposure tir,le of at least I0 years, as rre have

already índ-icatecl" ín the foregoing"
tine, the followi-ng formulas

and- B:
To calcul-ate D'tqf^ and- D'25{" f ot any exposure
are appliec1, wrriólt are deríved- from fornulas I

t'75y"07 =t5o/,(r) + t+L.r.5s/"

t'r57"F) =D5oí,"(r) - LL.,iofi
To cafculate the hearing 1eve1s of a group of nen exposecl to
any Llean age A and exposure tirne T1 , 'l"Ic use these- formul-as:

r".,75f"(Arlr) = I,5oq"Q) *L",50/"@) + L+r'n,5st"

t 
"r5o/"(L,Tt) 

= I,5o/"Q) * Lr,, io/"Q')
Ler.25/"U\,Tr) = t5o/"0) +Lvrr5s6(L) - ts-Le,5ol"

noise, rviih

(g )

(ro)
excecd-ed. by x/, of a group of people

mean age as the group exPosed"

IV.3 lrtroise-induceû shifts_of hearin_g ler¡els_exceeÈed- in-Jfl"-agA-2fl"-ot-
Pegtrù e-exPgs ed-tq gols e

ÄnalogousJ-¡r ¡o the ôefinition of D5Of"t r'¡e d-efine¡

D7j(/" - Ler W" - LnrT5nr

D25/" = trn, 25/" - LnrzS/"

where Ln-rx1o is the hearing level not
not expoêett to noise, w5-th the sarne

Dn.¡/ ãrrù Dc,.d^ are thc noj-se-induced- shifts of the hearing l-cveis not
e*Z/tíeae¿ rlv'lt/" anð' zJtþ of the people exposed"
We nor+ state that s

nr . ^--¿ T --- 
+u 757" - lllf" - LnrI5/" - Ln2Jo/" = Ã'Lnr5o%

tzs/" - l' z5/" - Ln, 5o/" - Lnrl5o/" = L-Lnr.5o/'

In continuation of tire artícle by Spcor l9l , a publication r^iill- be ed-ited-

by ¡re Roeearch Insûitute for'Public Ilealth Engineering TIIC, in which
estinations of A+Ln.5glo and. A-Ln. Jo/" are g'iven" A+Ln, Jo/" ana L-Lir.5g/o,are
somcwhat increasÍng''iuhctions of ág'e" Thcse incrcasesr howevere are ratner
small. The values of A*!nrJO/" and L-Ln.r5O/" srhor'rn in Table XII are repTes-
entative f or an age of {J Jrears "

Frequency

JOO Hz
1000 il

2000 il

3ooo rr

4OO0 il

6000 r'

Boo0 "

5
,
6

9
9
9
9

4
4
5
8
a

B

9

Tab1e XII

n+Ln¡¡,o(7" I n -Lnúo/"

- Figures -
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Figures 50 .oo 56 PIot D7 Cq"t DSO/" and' D2

calcul-atéâ. rróm' D75/" ín
c¡l Ð.s a function of NR

'É:-ero"" 42 .,-, 48, by
2OOO Hz. Dtc.4^ is

^+L- 
qnd^ ultá'"Dçc

Ê]*¿l:{' z"{l^oo'?/åris 
carcuratecl rrom D' 25/"

Drq/, : DZ>/" are increasing functions of the NR for

for IOO to
sr,:b tracting

( see
À Ln.5jfo and DZ5o/",r
formúials 9 and. 10).

by ad.d.ing L LnrSO/"

Fi€p.res 50 . ". 56 show that the d-iff erences between D75Í", D59ft anù D25r¡

lrof, i s indepe"d:"1 :l -:il"ÎÏ:: tll::' l'i' ̂ ll,t?/: : -12fl:are snrall . \>f" - D¡O/" iS rnctepenüenl oI elpe¡ru.l-'c t'-LIIrtrt LvL ! t)7o ")V"/o

ana D,rjlo - oiÇø a"d"f,'a"p"1*1"t^?t^:il":ï:..:::.",. o"22f; 
_i?21å l;ot"uun-and- ijt"lc,4^ - D1Ê\q^ ATe lrl(Ie}.'erlLrsriu vr v^Ì'vv* ' :)v/2 -^¿)/

ã"ä"lt'3f w;å#e time as r'rel-l-" 'Àt each frequencv, D-i2/" - 229/." ""4r\-^-'t - rì^-, â?a inn'o¡sìrrB' functions of the NR for 100 to 2OOO Hz,

+óo'o Ez fé'"an exception. At
are ùecreasing functions of
and. D25f" alîe even equal at

this frequenoy, h1q" -
the NR for lOO to'2ÔOO

very high NRrs.

D5gg anð. tSO/" -
H2,'wlnil-e D75/",

only

iîzn

IV" 4 [oise-ind.uced- shifts-o! þar1ng !rerrels=aqd--alplonimalions of-noise-

!n[u""È L"q"-+g ]-oãses-as a f unction-of frequegcv

To ill-ustrate the results o-i chapter IV we.shall- consid-er the noise-inducec'
icoq;, nZqq") and. the approxinations of the

ú/":; n5l6i, t'25/) ': u r*nction orshifts of hearing levels (h¡1", D5Oih nZ1,/") and. the arrproxlnatrons or rrre
noise-inctuc"a nuã"irrg to*àeå''(l'lí/"ir'n>l/"i, l'z5/) as a function of
r.¡anrra¡n¡¡. rìrha rrelrros of these oíí"t tíe's'are i'ependent upon exposr-lre timenoise-incluced hearing losses lD'75,q"t tlJO/ot JJ'

frequency" The values of these Apn! ties are
ã"a'^oi"ä (ivn ror'lOO to ZoOo Hz). Therefore, T" "og:iaer.D7

:sid.er D7 j/", D5O(,ID 2l
(10 and- {0 years) and

tl,tDz2t/
) and

jt'-Ì;r:få"15i,ff? ,o'ç*{"rî1, åål'äil";,;"i;ï;å ;äi:"'l:'"::*'fl Íi3"i1"3äi*"u:iu 
^o, 

llz*å, 1 
5 

R # ? 

^o', R{" rî1" å å :' ä ; : " ;' : 
"i; ïå ; t

in Figures lJ .."80"
Figures !J 60 shor,¡ that at NR ?5 the noise-induced- shifts of the

heãring levels are srnalf. The narimal shift is at {OOO Hz for both e1¡posua'e

times. 4ooo Hz is also the only frequency at which a spread in the hearing
levels is caused- by noise, since lls/" is larger lhan_D25/"_'__F"oT these four
Figures it is found that al-read-y at the rather low NR of' [) notse causes

hearing losses"

nt NR 80 (ni_gures 61 6Ð therc is hard.ly any shift ut 599, 1000 and-

2OOO Hz, not even with a {o-years exposure to noise. J\t NR 85 noise-indtrced-

shifts of hearing levels occrl]'e especially at an exposuT'c for 40 yeaÏS"

Further lùe see that at T = 40 years the shifts at 3000 Hz and' '{000 Hz art
about equal.

From Figures 6p 72 ir is seen that at NR 90 the threshold- shifts spread

over a larger frequency range with increasing exposure time, although D75/",

Dr,ot^ and. D2qg at 5oo H-z are stil-l zero for an exposure tirne of {0 yeaÏS.

frorn 4000 Hz towaiils 3000 Hz"

At t[R 95 (Fieures ?3 76), DIj/"? Drol| and' D25/" at,an*p:"Y:" time of
10 years are r¡axlmal- at 4OOO Uz'ânA, át'an exposure time of {0 years,
ll>/", D5Of" anð, D25{" are about equal at {OOO, 3OOO anù 2000 Hz" T}rere is
only a slight ¿ifÏãrence betwecn D75/", D5o/" anù D25/" at {000 Hz"

At IIR 98 it is striking that DIil", D5g/" anð' D?n/" ?f 4000.H2 are equal'
Apparently the r^rhoIe d-istributió'n' ot'ÍLle heariá'g f evels increases with

5õ-al, ¡ut ttre size of the d-istribution remains constant" There is a large
difference in shape betrveen the curves for 10 years and those for 40 yeals'
At T = lo years the large threshold. shifts are localízeù aT' {000 Ez and-

3OOO Hz, tut at T = {o years the threshold- shifts at 2ooo Hz are ve]'y

large as well-.
At the same time we draw attention to the fact that at T = 'tc years the

approrimations of the noise-induced- hearing losses are maximal at ilOO Hz'

- rv.5 -
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fV" ! Reviaw-ol !Vrl-. " ,-rY'|.
chapter IV is now conclucled- r^Éth a sho::t review of the subjects treateù in'

this ohaPter.

First, it was forrncl tl:at the spread. of the hearing levefs is ind-ependent

of exposr:re time, at 1east for the range in r,¡hi ah 5O/" of the -hearing 
f evels

are located. ThÀ'spread_ clepends upon the ITR for !00 to 2000 Hz anc-

increases r,rith the NR for loo to àooo nu at all frequencies, except at

4OOO Ez where it is a decreasing function of the NR for 100 to 2000 Hz"

Next were calculated- the approximations of the noise-induced hearing losses

not excee¿"¿ in îi/"-"i¿ 257"" ot the people exposed to noise' From these

values the hcaring levels of a group men exposed' to noise can be cafcuiater'-

by ad.¿ing to thesõ val-ues the nã¿iair hearing level- of non-exposed people

with the sa,me nean age as the group exposed'

Àt the same time lrere calculated- the noÍse-ind'uced- shifts of the hearing

Ievels,rot u*"uãd;ã-i"-itøá"t 251" of the people exposed" Dl7/p--,ffoÍ-tld
Dqol" - D251" are Índ.cpend-ónt or "iiosure 

timer_but increase -wrth the irTR fo:--

5óO' to ÐOO Hz ai each f""q',rut"y. OnIy at 4OóO Hz l;5e diff erences meniioneci

abo\.e d-ecrease r,á'ih increasing ifn itt such a nay that at 19r¿ lar69e l[Rrs

ää;;Å,fi;;îi";;å4ffi :;f ¡iii*":"i#;":î;3?:";:?,*ootlorL?/"'t'o/"
Conclusions

using the d-ata of this Report one cen estimate frorn a noise rneasulement¡

_theniediannoise-índucedhearingl0ssofmenexposedtonoise',
- the approxinations of noise-õndücea hearing l-osães, not e¡ceeded tn 75%

anù 2J/" of men exPoseð;
- the noise-induced. sh:if ts of hearing l-evels not xceedeû Å 75/" anù 2Jf"

of rnen exPosed-9

- the d.istribution of hearing levels of
Cond-itions are tl:.at the exposure time is
l{R for lOO to ?ßOO TIz is between '(J anù

in itre Report an appenùix is adcled'; it
necessaïy for the estimations specifiecl
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List of s¡,rmbols

L^ u4^v 9 ¿'lv

l"
Lnr4o

l=Ïu -Lnr5o/"
D5o/eLo rJO{"-Lnr5of,
Ðxtþ =L.r4" - 

Lnrú,

T

D4"0 I ro )

Hearing level, not exceeded tn xl" of
ã*po""ã to noise (* = 75, JO anù 25)

Mean hearing level of people exposed

Hearing level not exceed-ed- in 4" o-f-,

á*po""á to noise (x = 75, Jo anù 25)

l{ean noise-inùuced hearing loss

lfcd-iin noise-induced- hearln.ç loss

the peoPle

to noise

the people not

Noise-ind-uced- shift of the hearing Jevel not
ã"ã""¿"4 tn x/o of the people exposed to noise
(x = 75 anð' 2J)

Exposure tiure

Ðx/" caused- by an exposure to noise for at least
10 years

D-.o/ caused- by an exposure to noise for 11 years

5 caused- by an ocposir.re to noise f or at least
IO years

5 caused- by an exposure to noise for T1 years

Increase per Year of DJO/"

Increase Per Year of I

Increase per year of D5O"/" at exposr-rre times of
at least IO Years

Increase per year of I at exposure times of at
Ieast 10 Years

Approximations of the noíse-induced hearing losses

not exceed_ed- in 4" "f the people exposed to noise
(x = ?5 anð' 25)

L. r5o/"

L^ cqí"vt'-/1"

Lnr)Qh

LnrzS/"

l(r I ro)

l'(t =

L5o/" 
=

?D/\--é= 
T

t5060 ì ro)

ã-(r ì ro)

o'g" -=Lnry/"-LnrJo/"

D4,$ = T1)

I
¡'Ler iO/, =

¡-1,e r 50,/" =
I

o'Lnr 5o/" =

O-l,nr jof" =

rr)
o:pa

T

Le,75l"

L" rro/"

Lnr75"/"

Lnr5ol"
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APPENDIX

f. Aim

Theaimofthisappend-ixistog:ivethed.atathatarenecessarytoestimate
sses9

ced- hearing lossesg
ing levels of men exPosed' to noise;
f rnen exPosed to noise'

hours a daYranù at least I d-aYs a

st and- neal Penoôs'

2. Terms and ùefinitions
2,1 qtgaclV-slate-ngige

Stead-Y-state noise is noise

"o*po-*itiott, 
both ùuri'ng the

2.2 grcaÈbqnù golse

Sroadband noise is noise, tho
ãt teast several octave banùs

auclibl-e tones-

with a rather constant intensity anù spectral
"tã"r.i"g ôay and in the course of years"

energy of vbioh is spreaò rather evenly over

of the acousti"-=p"ãt""n and d-oes not contain

2.3 . Noise-eãPgsgre

Noise exposure is sPecified' bYa

- tt.. Noise Lating ior 5OO to 2O0O Hz9

_ the nunber of years worked- ¡-rr-nãi"" with the same Noise Rating for !00

to 20OO Hz"

z. 4 golse $atige-fgr-5oo-te loQo-Hz

TheNoiseRating(m)rorlootoÐOOEzofnoiseisequaltothenuirber
of the noise "riirrg 

clrrve, ¡rr.i-rroi-å*"""a"d- by the octave band spectrum

of the noise in thð I octave b;"ã= r'ríth rrricl-fräquencies !oO' 1000 and-

2OOO Hz"

exposed..

2, 6 Nolsg-anÈuoeg gitf t gftngar:rg8-Igv91
hearing leve1 not exceed-ed- j-n */' of
.ifference bett'¡een the hearing level
seù and 'uhe hearing 1evel not exceedeù

,ise with the same meari age as the

exposed group.

W'
Ifx=
med.ían

50, the noise-incluced- shift of the hearing level is equal to the

noise-induced hearing loss'
-2.7-
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2. 7 $ergxgûa tt og of 
-ngige 

-i ndgce d--he ariq¿-t o s s

hearing loss (D'{/) not' exoeeded'

is the ùifference--between the hearing
exPosed- to noise and' the hearing

e not exPosed- to noise, r'rith the

ffit = 50, rhen D'5o/" = o>g/,. Tr x / i?l l'^20^f:'= 
on1v. an approximation of

the noise-induced ñ.eãring ross, u" it is acóé$ted, as ít were, that each

manworkinginnoise,woul-dhavehad-ahearingleve}equaltotherired.ian
hearing fevel belonging to hi-s age, if he had- not workeù i-n noise"

I l{oise measurements
deternining the mean of the

of the indicating instrument, the

loss
Figure Ä
refation
exposu-re

An octave band levef is establÍshed' by

f requently occurring Llaxirnal readings
insirument set at "fast responserr'

4.

gives for lOoe tOOOe 2oooe 3OOo,.4OOO,.qOOO-and- B0o0 Hz the

betneen the nreclian úearing loss (lno/" (T = Io^) ) caused- by an

to noise for IO years and- tire NR fór'5OO to 2OOO Hz"

FrorlTable.A'and.FigureA',thernedianhearinglosscaused-byanexposule
tonoiseforTlyealscanbedetermined.,withTlbetweenkOand-{0years.

5"

, only l5Of"$ = Tt) 
-can 

be d-eterrnined"
of the léatins l-evef not exceed-ed' in

or T1 year is caf culated'-by ad'd'ing'to
of Table B, r'shile lZ>/" (T = T1) is
T = T1) ti,ô aPProPriâte nurnber of

Table B.
s been calculated- that the meC"ian

erposL¡-re to noise for {0 years w-ith

e B it is found' that the shift of the
the PeoPIe, is equal to 44'2 + ["J =

levef not áxceeaã¿ in 2J/" of rlne

d_3.

6"

To carcurate the approxirnation Q'lt% (t = t1)) o¡ the noise-induced

hearing loss not eiãee¿e¿ ,n 75/" of-'{he people exposed to noise fc¡

-T1 -
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TlyearsrtheappropriatenurnberofTableChastobead-d-ed-t'oD1gq'(r=-tr)
one can calculate l'Z5oi" 1t =,ft) by eubtraoting frcu D5Of" (l = ni)'ttre

ápp"op":."te number of-îable C'

1I.5 = 32"? d-8.

7"

To caf cu1ate the hearing levels not excee ð'eù tn 75/", JO/" anð' Z5rþ of tne
with a given mean age, the median

noise with NR )6 and' having a mean a

anð' JJ "2 dB.
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Table A

ef"
2t5

l-0
1
0
0

o" 28 (NR-92)
0

0"3.r (un-9e)

Table B

relation to D5gr¡" (\
of at least 10 Years

ïeaT

= _to)Frequenoy

500
10c0
2000
3000
4000
60oo

Sooo

NR 
-<NR:

NR -<
NRZ

92
o2
q)
oc

l.lR for 500

1o 2000 Hz
500 Hz

,l000
Hz 2000 Hz 3000 Hz 4000 Hz ô000 Hz 8000 Hz

75
80
B5
9o
94
qB

o
0
o
0
0
0

0

^
0
0
0
0"5

o
I
¿

3

4.5
7

ô

0
ôtr
Lc)

4,5
4.5
4.5

4)tr). )
3
¿

0

o
1
ÔE¿")
3.5
4
5

0
l_

2

3
3
ì

NR for 500

to 2000 Hz

Number of decibels to be substracted from D5¡l,in order to calculate 025[

500 Hz 1000 Hz 2000 Hz 3000 Hz 4000 Hz 6000 Hz 8C00 tlz

75
BO

85
9o
94
98

o
o
U

o
0"5
-1 tr

0
o
0
0
o.5
1"5

0
0
0"5
)J
4
5

1
l-
ôtrcc )

3.5
3.5
3,'

5
5
5
4
2
I

I
3.5
6

7

7.5
B

o
o
n

o
o
0



NR for 500

to 2000 Hz
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Table C

Nunber of decibels to be added to D in order to calculate Dt7

4000 Hz 6000 Hz I sooo Hz

nÊI)
80
Qç

(lt ì

OA

98

75
8o
B5
9o
94
9B

4
5

5
5
5
5

,.5
7
B

9
10"5
13

6
U

11" 5
13"5
13"5
13. 5

13
]-2"5
L2
11
9.5
?Ã

ö
l-0
rl, 

"I !f e

I tz.
l13
| 1Ai!+
I

5
5

oU

IO
I1
I2
I2
I2

NR for 500

to 2000 Hz

TNO-2r-3-68
m,t

Number of decibels to be subtracted from D597, i n order to ca l culate 0r257

4
4
4
4
4.5
trtr

A+
4
4
4
+"5
trtr

3
3
5.5
B

9
IO

9
9

10. 5
II"5
1r" 5
11.5

13
13
13
I2
10

9

6000 Hz

9
11.5
r4
r5
l-5.5
to

8000 Hz

6

7
nÉ
l.)
7"5
8
8"5
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MEDTAN AND MEAN NotsE- INDUcED HEARTNG Loss (Dsoo¡o AND D) As A FUNcrloN oF EXPOSURE TIME.
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NOISE RATING CURVES,

SHADED PART: UNSAFE

RECOMMENDATION.

ACCORDING TO C.W.
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OCTAVE BAND SPECTRA
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MEDIAN AND MEAN HEARING LOSg TJAUSED

FOR AT LEAST 10 YEARS, AS A FUNCTION

FOR 500 T0 2000 I'{ERT Z -

BY EXPOSURE TO NOISE
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MEDIAN AND MEAN HEARING LOSS CAUSED BY EXPOSURE TO NOISE

FOR 14 YEARS, AS A FUNCTION OF THE NOISE RATING FOR 5OO TO
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MEDIAN AND MEAN HEARING LOSS CAUSED BY EXPOSURE TO NOISE
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THE DIFFERENCE (Dr¡ o¡e) B'ETWEEN 1., x o¡o 0F PE0PLE EXPQSED, AND

L n,50 o¡o 0F PE0PLE N0T EXP0SED.
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THE DIFFERENCE (D¡ o¿o) BETWEEN Le,x o/o 0F PE0PLE EXPOSED, AND

L n, x o/o 0F PEOPLE NOT EXP0SED-
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T'HË DIFFERËNCE (D'¡ o¡o) BETWEEN Le,x o/o OF PEOPLE EXPOSED, AND

Ln,50o/o 0F PE0PLE N0T EXP0SED.
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THE DIFFERENCE (Dxo/o) BETWEEN Le,xo/o 0F PEOPLE EXPOSED, AND

L n, x o¡o 0F PEOPLE NOT EXPOSED.
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THE DIFFERENCE (D'x o/o ) BETWEEN L e, x o/o OF PEOPLE EXP0SED, AND

L n, 50 o/o 0F PE0PLE N0T EXP0SE D.
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THE DIFFERENeE (D¡o¡o) BETWEEN Le,xolo 0FPEOPLE EXPQSED, AND

Ln, x o/o 0F PEOPLE NOT EXPOSED.

co
E

=o
o
[n
È-

?
o

o
o
rr¡
Ê

o
o
tn
c\¡ô

20

40

60

500 1 000 2000 3000 ô000 6000 8000

_+ FREQUE NCY tN HERTZ

\\

-//

//'
/

ozs "rc7 ).
D so olo' ,/
D75 ,to/

68 8119 IG-TNO AFD. GELUID EN LICHT R 35 - 80



É

t1

il

MEDIAN HEARING LOS

EXPOSURE TO NOISE

A5 A FUNCTION OF 1

FoR 500 T0 2000 HE

fI¡
ît

z_

o
ll
t-

o
o
o
r-fl
Õ

4000 llz
5 CAUSED BY

FOR 1O YEARs,
'HE NOISE RATING

RTZ.

3000 Hz

6000 Hz

I 000

l

I

I

2000

Hz

Hz

1 000

I

500

Hz

Hz

NR FoR 500 T0

90

20OO HERT Z

68 B 82 IG-TNO AFD. GELUì.D EN LICHT R35- A



----

IG-TNO AFD. GELUID EN LICHT

MEDIAN I-IEARING LEVELS OF MEN NOI EXPOSED TO NOI5E, AS

A FUNCTIûN oF FREQUENCy; AGE tS pARAMETER

F REqUENCY tN HERTZ
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