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Criteria for evaluating the harmful effects of noise *

H. E. VON GIERKE - A. F. MEYER
Riodvna,n ics and Bionic.s Divi .cion , Aerospace Medical Research Laborator y

Wright-Patterson AFB , 01110 (U.S.A.) 4 . ;
U.S. Environ m en ial Protection Agency j -

Washington D.C. (U.S.A.)

Introduct ion the noise environment , a measure of the
noise exposure to indicate the severi t y  of

One of the s ta r t ing  points of any noise the problem , how much each noise source
control program is the characterization of contributes to the overall noise environment

- , -Ihi, paper is a condensed vers ion of AMRL-TR- search Laboratory. Aerospace Medical Division , Air

3, 7~ 44) entit led , “Development of a Uniform Approach Force Systems Command , Wright.Patterson Air
to Characterize Noise Impact on People”, which Force Base . Ohio . an d supported it’ par t h~ the
was presented at the 4 ’ t h  Annual Scicnti~ c Meet- Environmental Protection Ag~ocv ( ERA ) tinder In.
in~ on the Aerospace Medical Association , April teragency Agreement No . EPA-1A~~

.
~~ -0376. This

1~ 7c . San Francisco. ( ,IiIorni~, 
paper has hecn dentit ied by Aerospace Medical
Researc h Laborator~ as AMRL-TR-75-43. Further

The researc h reported in this paper w as con~ reproduction is authorized to sat is lv needs ot the
Ii,. ed by personnel of the Aerospace Medical Re. US Government.
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and how e f f e c t i v e  any control action is going In the United States , it took the Noise
to be. Unfor tuna te l y, it is already at th is  Control Act of 1972 to overcome the dead-
point tha t  some decisions and value ju d g- lock of t h i s  s i t u a t i o n . 2 Through this  Act ,
ments  have to be made , which are outs ide  Congr e ss  declared a nat ional  policy “to pro-
the s c i e n t i f i c  domain.  These jud gments have mule an cnvir onmcr i l f or  all  Americans
led to disagreements over the past two f ree f rom noi se  tha t  jeopardizes the i r  pub-
decades among scient is ts  and \ a r i ou s  in- t ic health and w e l f a r e ” . The Act established
tc re~ t groups and hav e  delayed dec is ions  t h e  goal to con t ro l  envi ronmenta l  noise w i t h
and concerted actions.  The problem is not publ ic  h ea l th  arid we l fa re  as evaluation
how phy sical l y  to measure the noise en- c r i t er ion .  Among  o the r  du t i es , t h e  Con-
vironment .  Rather  it  is how to condense th i s- ~r ess direct ed the Env i ronmen ta l  Protection
continuousl f luc tua t ing  noise level—f lue- A gen ~ v EPA) to pub l i sh :  —

tua t ing with  respect to in tens i t y  and fre- a )  ‘ The scient i f i c knowledee most useful
quencv composit ion—into one descri ptor in ind ica t ing  the k ind  and extent  of all
character iz ing the noise wi t h  respect to i t s  ident i f iable  effects on the public health or
effect on man.  The quest ions are obvious : welfare which max’ be expected from dif-
What do we mean by “ ef l e e t s  of noise on fer ing quan t i t i e s  and qua l i t i e s  of noise ”.

F’ man ’? F.tTi.’cts on hearing ? On speech corn- 
~b )  “ In f o rm a t i o n  on the  levels of environ-

m u n i c a t i o n ?  On sleep? On p h ysiological mental  noise the a t t a inment  and mainte-
funct ions? Or do we mean the not too wel l  nance of which in defined areas under
dehned annoyance response of people , wh e r e  various condi t ions  are requisite to protect
even the response of the  same ind iv idua l  the  publ ic  heal th  and welfare  with an ade-
to t,he same noise can change from day’ to quate  marg i n of safe ty ” .day ? This  question has to be s e t t l e d  f irst , . .

so tha t  a measurable  goal and va l id  ~~ - 
l e t  ‘‘Imp l ica t ions  of ident i f ying and achiev-

ment s t ra teg y  for t he  n o ise  control  program ing le~els of cumula t ive  noise exposure
can he s t a t e d  around airports

At the  l J 7 3  I n t e r n a t i o n a l  Coii~~ics s  on In r e sp on se  to these charges , the EPA
N oise as a P u b l i c  H e a l t h  P rii l ,lern a re- produced se~ er a l  r epor t s  i with the colla-
view of methods  f o r  t h e  e v a l u a t i o n  of m u s e  borat ion of Federal Interagency Task For-
discussed six possible way s  f o r  th e  d i rec t  ces , the  N a t i o n a l  Academy of Sciences , scien-
me asur ement  of noise , 9 measures t~ ~~~ t i f i c , i n d u s t r y  and cit izen representation.
culate  the noise of inc l iv dua l e~ cot s , and [he result  had to be a compromise based
13 measures to eva lua te  the  sC~ e F i i \  uI corn- on the best in te rpre ta t ions  and extrapola-
m u n i t v  exposure to m u l t i p le events , the  real t ions  of the  available knowled ge. The fol- 

‘5 .

condit ion of env i ronmenta l  noise. It  is ob- lowing is a brief report on the outcome of
vious tha t  this s i t ua t ion  ha s  not helped the t l le sc ’ s t u d i e s .

communit ies , indust r ies , government bodie.s
and lawmakers  concerned about noise , has The descr iptor
broug ht disrepute to the sc ient i f ic  dlsci- of environmental noise exposure
plines involved and has contused the  issues
in the courtrooms. In all  fairness it must  In relat ing the complex noise environ-
be said tha t  there was good technical jus- ment  of a population to i t s  health arid
t i f i ca t ion for most of the measures pro- welfare , the definition and characterizat ion
posed or used and in many cases the prac- of health and welfare b~’ one indicator is
tical differences betw een the measures were jus t  as diff icul t  as the defini t ion of the en-

• actually small. But in land-use p lann ing  or vironment .  Health according to the defini-
a i rc raf t  noise control small ( l it l erences in tion of the World Health Organization is
the noise eva lua t ion  measures and in the not the mere absence of disease but total
l imi t  values  used can result  in large du l l e r -  ph ysiolog ical and psscholog ical well being.
erices in land areas and mi l l ions  of dollar s Based ofl this  general in te rpr eta l ion  of pub-
in cost. Consequent l y , al l  e t l u i r t ’  to standar-  li c heal th , the fol lowing three well-proven
dize the no i s e  c\ a l u a t  m i i i  measure and a el leets of noise exposure on health , func-
prediction procedure were unsuccessful  be. t ional  capacity and well-being were consi-
cause of differ ing v iewp o in t s  arid lack of dered: (a)  the effects of noise on hearing,
agreement on common goals . (b)  the direct effects of noise on speech
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communication , (c)  the effects of noise on 2. To correlate the cumula t ive  long term
general well-being as a result of int erfer- effects wi th  a sing le descri ptor led to the
ence with  sleep, relaxation , speech commu- selection of the long-term average sound
nication and other ac t iv i t ies ,  level , called equivalent  sound level ( L-4), as

By singling out these three categories of the best descri ptor fo r  the magni tude  of
q heal th  effects , the possibi l i t y  of other c f -  envi ronmenta l  noise. It is the  constant

fects resulting in direct ph~’sical or mental  sound level , which in a given s i t u a t i o n  and
illnesses in small  segments of the overall over t he  considered t ime period . would es-
populat ion wil l  not be comp lete ly  ruled out . pose the ear to the same amount  of energy
However , present ep idemiolog ical evidence as does the  ac tua l  t ime  vary ing noise pat-
as wel l  as hypotheses based on animal  ~~~~ tern. This concept has been widel y used
periments are not strong enoug h to support to re la te  ind iv idua l  and communi t  i’eac-
such possibilities for the levels ident i f ied  l ion to a i r c r a f t  and to other noises .
here. On the contrary, all  ava i lable  e’:idence Consequent l y , t he basic descri ptor for cii-
points to the conclusion of a r e c e n t l y  pub- v i ro nm enta l  noise is :
lished authori tat ive summary ‘ t h a t  “if  noi se I
control sufficient to protect persons from L , = 10 log I IO dear damage and hearing loss w e e  i n s t i t u t e d , t~ — 1
then it is hi ghly u n l i k e l y  t h a t  the  noises  -

of lower level and duration resu l t ing  from s~h ere  t2  — t i  us t h e  t i m e  i n t e r s a l  us ci w h i t  h
this effort would d i r e c t l y  induce non-audi-  t he le~ e ls are eva lua t ed .  *

tory disease”. 
- This  simple concept of the equ iva len t

For selecting the most meanin g ful  and sound level had to be somewhat  refined
practical descriptor from the 10 to 20 avail- to account for the  i i i  i t h a t  t he  same noise
able options , the fol lowing condit ion s were env i ronment  is considered more d i s t u r b i n g
agreed upon: or annoying du r ing  the ni g ht  t h an d ur ing

the d:u v , as revealed by most c o m m u n i t yI . The measure should be applicable to . - . -

- . . i’ espo iise and public  opinion survey s. Tothe evaluat ion of noise in al l  possible i’s- - . -penalize nig h t t i m e  noi se events  commensu-posure conditions over long periods of t ime.  - - -rate ‘,s it h the ses c i i  t \  ot d i s t u r b a n c e , aIt should allow character izat io n of the noise . -  - . .
- . weig h t i n g  a c t o r  ud 10 dB is applied! to allenvironment in fixed locations as well ~~~ . - - . - . -

- nig ht  t me noises; i.e. , n r ’h t t  me r o u ses arethat  of ind iv idua ls  moving I ru in p lace to . - . -
Ia - 

t r e a t ed  as if they were  10 dB nois ier  t h a n  — .

P LC. they  ac tua l ly  are. The day -ni ght wei ghted
2. The measure should correlate well  L, - ~ is being called the clav~ni oh t  sound

with  known effects  of no se on ind iv idua l s  level or Lw, : 
-

and on the public. I i~ o r - i uu ;i~
-
- 3. The measure should be simple , prac- 1. ,~~ 1 0 logia — [ ( 1 5 ) t  10 ) + ( 9 ) ( l 0  )]

tical , and accurate. In princi ple , it should 24
be useful for p lannin g  and moni tor ing  as with  I , and L,, s t a n d i n g  for  the  d ay t i m e
well as for enforcement purposes. and ni gh t t i m e  sound levels respectivel y .

- - 4. The required measurement equi pment , The advan tages of and L , ,  ar -c best
w i t h  s tandardized character is t i cs , should he cer i t ie d  by showing  tha t  these  measures
commerciall y a sai lable .  s a t i s f y  a l l  sis requi rements  l i s t e u .~ abo ve.

5. The single measure of noise at a g ive im The t . : .  descri ptor can be r e f ~t t c d  to and
location should be pred ictable , w i t h in ~ can be used to app rox ima te  most pres iously
acceptable tolerance , from knowled ge of the used s t a t i s t i c a l  descr i p t i u u m i s  and no ise evalu-
phy sical  ev e n t s  producing the noise. a t ion  schemes such as L 1 or L~ . N E F . CNR .

6. The measure should be c lose ly  related NPL , etc. 5 An app rox ima te  rule of t humb
to ex i s t ing  methods c u r r e n t l y  ii i  use. fo r  the  measures used in connection wi th

Based on these ground rules  two dcci-  a i r c r a f t  noise in the  t SA is:
s i on s  were agreed upon:  I . ! ~ (‘N EL - - N E 1  . ( N R  - -— -

I . To account for the  dependence of One bi g advantage ( i t  l. , .~ and I.~ osc i
h u m a n  reaction (in the frequency con ten t  most ( i f these o t h e r  measures u s t h a t  thes  .

~~ •of the noise the A-wei ghted sound level was can e a s i l y  be nic~t s u r c d  and moni tored over
selected, long l ime  periods. Nois e is described as
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I - - - p s.uii~- c ~ ot \ EF - \ i - .e F~ posiim - e I , ui -~~,u~~i ,iimd L ( d.us w~ hi iuscia ge sound ti’vcl f  contours
aro un d a i m .i  hi t  sc -

noise: t r a f f i c  noise  can he eonipared to a u r ~ f l u c t u a t i o n s  in  t he  p r ed i c t ed  or observed
c r a f t  noise , to lawnniower noise ~u i m d  in ter- h u m a n  response .
na l  no ise  in f a c t o r i e s  or r es id enc ie s . The Fi gure 2 i l l u s t r a t e s  how an i n d i v i d u a l ’ s
noi se f rom al l  s o u m c e s  can be measured and
c a l c u l a t e d  as t h e  t o t a l  e i l v i i o n m e n t a l  no i se  ,. 
to w h i c h  i n d i v i d u a l s  and the  p o p u l a t i o n  are 

- .  _________exposect. And , a f ter  all , i t  is t h i s  to ta l  en- ‘ 
~ ‘5 .

— v i r o n men t a l  noise exposure t h a t  leads to 00 _~ 9-~’. 87

the long-term c u m u l a t i v e  e t l ec t s  on p u b l i c  
______ ______health and ~‘. e t t : u r e .  I t  is t h i s  t o t a l  n oise ~

exposure tha t  must  he reduced if a noi se
control program is to be su i c e e s - ,f su l .

A comparison of c a l c u l a t e d  nois e  con-
tours around ! an a i r b i t s e , l .~ s . \ Ej F , is
shown in Iigui ’c I - In t h i s  c \ . u  i u p te the  p u r e
tone correction c u u i i i a m n e d  in N [F ex t e n d s
the  exposure  pat  l e i r i  u n d e r  t h e  f l i g ht  pat li ‘ - r ronly ~l g u t  lv , and  t h e  I .~ eon t o u r s , some- ._ ‘

w h at less a l l e e t e d  by a t m ospher ic  .i l  t en ia 
~~~~~~~~~~~~~ t ion , ex t en e t  the i S  p O S U  i -c pat t e r n  t s r i  bet ’

out to the  side i t t h e  f l i gh t p a t h .  Ohs N u n s l \
there is  a d i l l cre ncc  in t he  c u u i l t o t i r s  t h a t  - -

conce ivab ly  can in f l u e n c e  a i r c r a f t  pe i~ u - 
~t ion s and land use p l a n n i n g  ule ~ i s i u  in s  I I si - 

~~
- F ~.

i s e r  s t he cx t n -p l c  i l l i r s t i  i t i s  th i  n e t
d i f l e r ences tend  to equal  u/ c  I i  i t t  her  s s o m d s .
i t  is  not  s u u  t h a t  t he  N I  I p o i - e d u u u  ~ pei ia  ‘ 

., 
‘ ¶ ‘

l i t c ’-, a m r i  r~d t noise u n m f u u r r n l v  in al l  di~ce - 0 3 &. 
~ ‘~~ ~ 8 ~i /4

t ions  i t S  is I i e q u en t l v  i s s u u i i i e , f  I n  genera l  
- -  

Ci
- 2 I ’ . p~ i n m i t ~ d u al d u d s  m lu :se e \ p u i s u m i ’ pat .t h es~ d i lkr cn ees  e t n  h~ u i i u s u d i  u t !  s u i t  i l l  

I u t ~~~~ ~u i i k i m i t  — t = Si dB )when compared to the i i u i i i ’ m  t~ u u i u t i es audI ( h - tu T u i- ct ~ i
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Fig. 3.— Example u ) t  combined noise contours j r-i Lv fo r  airport , h ighwa y a nd ra itroad traffic. (Airport :
Total annual  operations 15 ,000, day/ nig ht  r a t io  99: 1. H ig hs~a~ i ra f l i c :  3~,OO’I da i l y  mose meiu i s . 3500 d u r ing

peak hours 4 ,  trucks Railroad traff ic’  ~ t reig hi . 4 p a s s en g e r  t ra in s  Al t  d u r i n g  dayt ime ) .

total  da i ly noise exposure can be calculated D I STRIBU TION OF US P oPULA TiON OVER
from his exposures at the various places OUTSI DE L dfl (T OTAL PO PUL ATtON 200 M i L L )

he visits during his daily living routine. ~~ 
- -

Figure 3 i l lustrat es  hos~ the noise expo / 

r I ‘t - ‘5

sure contours from various sources can be ~ 
/ ‘ ‘r ’-- ~ To L j ,,

combined into total noise exposure contours iiY~ve ~ 5d~

describing the overall noise exposure of ~ o r : f t  noise
the areas. it is easy to see how th i s  un i- ~~ u l m I I , o n

form concept app lies to all types of noise ~
sources and allows the evaluation of spe- 

~ 6 - /
cific noise control or p lanning  measures. / /

~ It is this type of descriptor and ev aluation ~ — /

tool , which any noise control effort needs ~ - i

to set p r io r i t i es  be tween various t reasures , 
~~

‘ I -

‘

t o  eva lua te  Cu us t  e f fec t iveness  and to  char- 
~~ - -I $ 4

——___

Fig. 4 —Expo suri’ o f  the  I S p oputa t iu m m u environ- . *

mental (outdoor I noise The nombe r of people per 2 -

decibel increment u - i  level is p lotted as a f unct ion i~ I
of the outdoor day -n ight  average sound t e s et  The ~~ ‘

contribution to th e d i s t r ibu t ion  curs e from tr u e- 
~ -

was’ traffic and aircraf t  n u i I sc  is indicated sepa- z r ol 306 3 7
ratelv . The number of people csp u is u ’m t to k - s et s  ‘s,’ M I LL s MIl L MILL - MILL 

-

above cer ta in  l imits is approximat e  ( From Cat- _ j _ _ . ,
- .

t uu w av and Et dru ’d anu t ru-f I 20 30 40 ~iO (i ( ’  70 60
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acterize the noise related env i ronmen ta l  im- A careful  m eeva lua t ion  of all available in-
pact of specific contemp lated actions.  du st r i a l  noise studies resulted in the risk

The average ou tdoor  day-ni ght sound Ic- grap h ut figure 5. From the se data it was
~-el s to which va r ious  percentages of the conclude d tha t  a 4fts ear noise exposure
US populat ion a r e  exu l t ised pi-e se i) t  a prac- below art L~ of approximatel y 73 dBA
tical  and i l lu s t r a t i v ’ measure in order to is sa t i s fac tor y  to protect practically the
determine the magn i tude  u u t  the national entire popu lation a g a i n s t  a N [PTS of 5 dB.
noise problem , to e s t a b l i s h  goals  and to These resul ts  from in d u s t r i a l  exposures
det e rmine  progress (F i g. 4~,7 The basic di ’ .- w e m e  ~ud~usted by the equal energy rule for
t r ibu tion curve is p r i m a r i l y  dominated by th e  f ac t  tha t  e n v i r o n i n e n t a l  noise exposures
urban tral lic noise. The change in the ~l i s -  can go on for 24 hrs per day and 365 day s
t r ibu t ion  curve due to a i r c ra f t  noise and per year ( ins te ad  of the 8-hr exposures on
freeway noise is also es t ima ted  in t he  grap h. 250 svoi -kdavs per year in the industrial

s i tua t ion .) . This let! to a correction in the
exposure level of —6 .5 dB. Since environ-

The effect of noise menta l  noise is u sua l ly  i n t e r m i t t e n t , an in-
on public health and welfare crease of the equivalent  level was justif ied

. -u- F dB). In summary , it was concluded that
In the course of ident i f y ing levels ut kee p ing the yearly avei -age of envi ronmenta l

environmental  no ise , the a t t a i n m e n t  and noise L-5 24 less than approximate l y  70 dBA ,
maintenance of which  are r equ i s i t e  to pro- should protect  t h e  C en e r : i I  population au a i n s t
tect publ ic heal th  and w e l f a r e , t he  EPA task an y si gn i f i can t  N I P T S  wi th  an adequate
forces fi rst e s tab l i shed  as c l ea r ly  as pus- m~ rg in of s a f e t y .
sible the  q u a n t i t a t i v e  knowled ge on t h e  W i t h  regard to noise in te r ference  w i t h
effec t of noise oii h e a l t h .  Fd)r the three main  .

human  a c t i v i ty , ~ood o bj e c t i y e  data are
heal th  c r i t e r i a  selected . n a m ely noise-rn . . - . -

- - . avai lab le  on the m a s k i n g  of speech sounds
duced hea ring loss , i nt e rf erenc e  w ith  speech - . . - -

- . hs’ i n t r u d i n g  noise of various levels. It ap-
communica tion and a n n o y a n c e -  / c o m p l a i n t  ‘ - .

- . . . - pear-ed t h a t  I OO° o sen tence in t e l l i g i b i l i t yresponses of ind iv idua l s  as sve ll as com-
- . - - . . ‘,sas necessary for relaxed conversation in

muni t i es , t h i s  r e l a t i o n s h i p  ~s i l l  be b r i e f l y  . .
- - a t sp ica l  l iv ing  room for all ta lker-to- lts tenerre s .mewi’d w i t h o u t  de ta i led  lu s t i f i c a t  toi l .4 ’  - . , .

W i t h  respect t u s  nois c-indcrced hcar i rw loss , sepai ’a t iOn distances , in  order to protect

the def in i t ion  of “ si g n i t k : u n t  c f l e c t  on heat ’- speech communicat ion in a private home.
ing ” had to he ap p iu c i eh e d  d i f l e r e n t l v  from Th is is  achieved at :- ii of 4~ dB. Allow-
the c r i te r ia  t r a d i t i o n a l l y  emp loy ed in in- ing fo r  a typica l , aser-age sound level re-
dustrial  hear ing  cu i ns er sa t ion  and compen- d u c t r o n  between outdoors and indoors of
sation. T r a d i t i o n a l  cr i ter ia  have used the  l~ ef l3 t i lt s  level t ransla tes  in to  an outdoor - - -

averaged hear ing  levels at the  f requencies  level of no greater than  L~ 60 dB for resi-
500 , 1000 and! 2000 H z .  Howeser , t h e  ~~ 

d en t i a l  are as ( F i g. 6) . At f h i s  outdoor en-
dence tha t  f requencies  above 2001) F -hz are i ronm en t a l  n u > i s e  level  nu r r n a l  conversa-

cri t ical  to the u n d e r s t a n d ing  of speech iii  t i on L~ I I1 be conducted at d i s t a n c e s  of up
l i f e - l i ke  si t u a t i o n s  and t h a t  4000 Hz is the  to 2 meters w i t h  95° o seritenee  i n t e l l i g ibi-
mu st sensi t is e frc’quenc s si n h  re spect  to l i ly ,  a s i t u a t i o n  considered s a t i s f  act or\  in
n oise-induced he ’ar )ng l u u s s . lcd to the  selec- most ou t u t u u i  u r .u t is t i e s .  Since t h e  day , n i g ht
t ion as cr i te r ion  ( ur  sa fe  exposure: no ~i~ - ave’rage~~;~~se level in most at ens wi th  such
n i f i c an t  effect  on hear ing  level at 401) 1) F -hz (

~ l m ’ ~~~i~~ levels ‘is a p p r o x i m a t e ly  ~ dB .‘

.a s ign i t ie - an t  eli e e l  on h e ar im ig  was def ined a l iu i s  e the’ equ ms  a len t  level , the outdoor le~’ i i

as a change in he aring level of less t hai i  t h a n  wi l l  ; u s s u m e  adequate speech comrnun i-
5 dB . the’ usua l  les el of r ep r o d u c i b i l i i v  in u_ a t i o n  e a p a b i l i t s  indoors as well  as outdoors
i n d i v i d u a l s . ( I i i  t h e  p as t  a “handicap ’’ f u n  I S a i m I of I~3 dB. However , althoug h
i n d i v i d u a l s  \\ as t i su a l l s  ( l~’ f l n i c d  by a 2~ dl3 speech i n t e i l e m e n e e  is one of the pr imary
‘‘ fence ’’’ for t h e  h c : t r i m i g  level at the aver-  i n t e r f e i e m i c e  effects  of no ise , communi ty
aged f requenc ies  500 , 10, 1 and  2 0)1 1) U t L  m i -s pu )fl se st u d i e s  u ser  t h e  past 20 y ears  have
To follow the i n t e n t  of t h e  Nu u i s e  toni  rol c lear ly  sht is i  m m t ha t  there are other  adverse r
Ac t v i r t u a l l y  the  cut  ire ’ p opula t ion  should :11 cit  s , par t i cu l ar l u  du r ing  ni g h t t i m e , which
be protecte d against  the  r isk of no i se - in -  h a d  to  ann o\-’ance and clearl y exp ressed
duced permanent  threshold sh i f t  NIPTS ) .  d i s s a t i s f a c t i o n  w i t h  the environment .  The
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EXPOSURE LEVELS TO RESULT IN CONSTANT NIPTS
VS PERCENTILES (FROM EPA REPORT)

90 - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 90

70 ~~~~~

zL
~~~~~~j ::::  :1

/~“—l400t Hz)
60 —~~~‘6 0 —

HEARING L E V E L

NON-NOISE EXPOSED
POPU lATiO N 60 YE S:

1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 99,8 99.9 99.99
PERCENTILE

Fig 5 .— Full t ines are cu r s e s  of com is tant  N I P T S  as a lunct i on  of 40-yr e \ p u u s n i e  t evet ( l e f i h a n d  scale’
and p opuiat ion p e i u - e n i  ik ~ dashed li nes ~ep rescnt h ear ing  t e s t i s  I r i g h ih and  s~ .u I u  I by p er -ccm unlc s  of a non
mm o: s e - espo set t  I~ v, - , u r  , i , f  popu hution \ I PTS t om-s t’s mus t  si a s  above and st- itt merge ss :ih normal hear-

i ig e v e !  curves I t tom te d t i n e s  i
‘I

OUTDOOR DAY-N IGHT AVERAGE SOUND LEVEL , 1dn (dB )

45 50 55 60 65 70 75 80
100’- I I I I

>- I I

I
-J ,.—.

~.-
~ ind oo r s

0,utdoors ( - 15  dB a t t e n u a t i o n )I INor mal Voicr , 2m I
~~ 80 . ~‘ - ; , i r a f i r ’ : i  , I

60’ ~~~~ Sc : ’ --  :~ rit , ’ r f” : .  ‘nc’ C r i t e r i a ( -

- -  
1 ( 10- i iudc ’or

I 9 5 -  out door -~ - -

I 

I
- 

- 
40 I I I i I I

Fig (, - --- M u m u i m u i m s ( ’f l i , ’fl~ t’ j n t e t t i g i h i l i i v  for normal s k e  a~ a f u n c t i o n  of the  background day -n ight
u s  ~‘ m / I g c  nois e  l e s e t  I i  - - is hosed on I - 3 ) ,  The cr i ter ion I or ‘‘ no sp:’t’di in te r fe renc e ’’ i ndoors in a

~~~~ 

- - i t  P :’ ii  l i s ing  or bedroom si j i b  UI s, ih ir i ~ . , t i s , , u  p i  ion us 1IXW5 s e n t e n ce i n r t l t i g i h i t i t v  achicvcd an an
r u , l t i , i  L., - 4 dB ; r h e  o m n i t l o ’ , r  e m i l  - ‘i - i on of ‘~~‘ o s c i i i , i i ~~ i m m t e t l m g m h m t m t v  t o m ’ normal s o i L -c conversation

wi t h st ,~’ii ker  t o  l i s t e n e r  d u s i . u r i t e  ol 2m is s i r  s u i t - il lit I - - i~ ) dB The indoor o mu d  outdoor cr i ter ia  are
s ,If s l u t )  accordin g i the d o r i e s  prese’nted or an outdoor L - (‘i dB
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RELATIVE IMPORTANCE OF AIRCRA FT NOISE
AS A FACTOR IN DISLII(ING A R E A  OR W A N T I N G
TO MOVE tHEAT HROW 1st STUDY )

~~~
‘
~1 

INCREAS I NG 
~~~~~

‘[ ~ osf ~~~~~

2 0 —  

‘
, 

/6 0

— ~~~~~ ViGOROUS 
/

IJ 

~~~~~~~~~~~~K ; O 7
i
5 80

OUTDOOR DAY/NIGHT SOUND LEVEL(L dfl I IN dB RE MICRO —

RA SCALS

Fig. 7 — Sunima rv of annoyance ctunip 1~uini me s p uI r uses  i u i  i n t e r f e r i n g  outdoor dav .nigh t  sound t ete t s ,
I D e m o  ~-d in i t ’ )  - S I ,

condensed results of all  co n l i mun nt v  r~’t i se  greater  than 55 dB in res ident ia l  areas as
st ud ies ‘~ are shown i n fi gure  7. The i n -  the l i m i t  compat ib le  w i t h  the protection of
crease in annoyance and comp la in t  heha- publ ic  hea l th  and s v c l t a n e  w i th  an adequate

— vior of ind iv idua ls , t h e wei g h t a t tached I i i  m a n g in u t f  s a f e t y .  Kno svnn g the l imi t s  re-
the  noisiness of an eny in ’onmen t  i ‘ n i a k i n i g
t he decision to move ass av ar id the  u u s  ci - S

all c o m m u n i t y  response to t h i t ’ i u u n  s~ ’ e m i t  iron- T t a m e  I ,—S uuton ar v  ~0 ’ i I i U X i t l i i t ? t t  n oise levels
- 

I rnent can all be ex pn ’ essed by one cenr s e n d e n i t if n e d  r e ’q l lnsn f e  to p r otect publ ic lnea ltli
‘ - . - mid welfare,

as a func t ion  ol the dav-nr g ht sound level.
Based on these data an L ,  of 55 efB mi ght r~ 1. . - - r [tied tend A , ra
be a reason able l r m i  t , below st Ii cli noise —___________ ______________ _________________________

- - ‘ - - Hear ing loss us 75 d B Occupational and ed:tcaI ’ur,ai
does not i n t e r f e r e  s i g n i f i c a n t l y  w i t h  human  u — 

5 C r ,

act iv i t i es .  Above th i s  let e’l more t h a n  I 1i tu
of the popula t  i u u m i  i-ni g ht comp lain about the  ____________ 

1
~~i2d ’ < 7048 Al uo th e r  a r e a ,

noise and oVer  17’ , mi g ht  indica t e  to he O’alr’or dOwdy < 55 dB OutdoOrs in re s , den i , a I  art-as
‘‘hi gh l y  annoyed’’ by the noise. f t  u i m e e r  ted n ierie rence and “ and i a r m s a n d  oih r ’  r ide - ’

• - 
‘ 

— . - . annoyance ar t-as s ir, -,, - people s/,. -,,ri
communi  iv react non rn mgh t s t an  when the  t a r t l o :  - r e ,  5 ni i n ,  ar ,4
1 e.xe’ec’ds 60 dB. At an L of 55 elB aver- She- p l a I r s  in wi , , i, ~ ,,, - r s

age indoor’ leve ls  are approx ima te ly  40 dB , —
~~~~~~ -~~~~~ A bAS IS  b r  i lse 

-
~~~~~~

a leve l 5 dB hclosv the  ie l e n i t  i fl eel level l i t  I C 55 dB Ouido or areas where
‘ - . . spend limite d a irrou nis iii i i’, ,’

prevent r n te r l  d’rencc s v n t l i  rndoor  e-or i in i iu-  such as scuu ooi yard s p la y -
n ica t ion .  An i neloor L: :  oF 40 el B is 0 sin a I  ly 

____________ ________ 

grou nds err

coup led w i t h  a ni g h t t i m e  let -el of 32 eI B Indo or ac i iu r i y 1d < 454 8 Ind oor r es ldeo t ia l  areas
(open window ),  n level wel l  c o n s i st e n t  w i t h
the l imi ted  data on sleep inter f em -ence.

- 
‘- ~~~~~~~ It  was th i s  combined r easoning ss hich led 1

~~u24l ~ 4508 Other rn000r area s w u t h human
- - . - actu s itie s such as schools , etc -the EPA to i d e n t i fy  an outdoor L,10 no _______________________

109 

—‘-- ~~~~~-- —~~~~- -- .-- -—---— - -.—-—------ -—~~~~ —---- 4



— -w 
~~~~~~~~~~~~~ “ “~~~~ “ ‘ ‘~~ V ‘ “r ‘- “—‘5— — --—-— ~~~~~ -— -----.- -~~ -—‘~~-

- 
~~~~ .-~~c~~~~-- - - --

quired to protect against undue health ci-  To make i h i s  conc l insiot i  not too depcessnng,
tec t s , t he EPA then id en t i f i ed  the  levels of it  m u s t  be kept  in W i m k f  t h a t  the benefits
env i ronmenta l  noise  need ed to protect pub- u feriv e et  t n - urn the : u r i u u t i s  opei’ationi s t h a t
lie health and ss-elfar e in s-ani ous areas , as create the e n s i r o n i i u c n I a l  n oi se  stenc not
n’equired b~’ the Noise Control ~‘s e t ,  -‘s sum- consief er ect  st-hen the se l i m i t  l e s e l s  we re
n -m ary of these l i m i t s  is presented in Table I - i e l en n i t i ee t . t n  m o m m y  cases e f e l e t m n ’ g  those

b e n e f i t s  would  have a more set e m e  e f fect
an pu i) l i e  hea l th  t h a n  eloes the no ise con-

Application nect eel w i t h  the benef i t .  H ostev cr , too n- muc h
- 

consola t ion  f rom t h i s  an - gu m e n l  is not ju s-
The uni form descriptor , coup ledf w i t h  the  t i t le d , l h e i e  is good reason to conclude

iden t i f i e d  levels , allow for  the  hrst  t ime  a t h a t  by proper us e x a l t  lon g range c m v  p lan -
S 

- quan t i t a t ive  anal ysis of the e ust  involved a i r - mg and bs e mi s s i o i i  s t an d ards and cx-
and of the prior i t ies  to be assig l ie dl  i f  svor th-  posure ’ c u n t r u u l ’ ., e n s ’i r o n r n e n t a l  noise levels
whi le  goals am -c to be achies ’ect. The coal at  j u l i u c e s  where people l ive  and work eon

‘- us the same for all t ype ’s of noises , st- her- be l u r t s  s -r ed to r he i d e n t i f i e d  ~,cu ls . For s tork-
ever and s th en e s  c r  they operate and w h a t -  rig I i u tv a re f  such .u g ’ c i ]  a t n n i i f o r m  et escri p-
ever c h a r a c t e r i s t i c  the no i se source has: ton such as t I l e  one L O S S  t i s s e d  is ab s o l u t e ly
to reduce the  adverse h e a l lh  e f l e e t s  of the  e s s e n t i a l.
n oise. The c o n t r i b u t i o n  of i n d i v i e f u a l  noise
su urecs can be ca lcu la te d , e s t ima ted , n i eas -  . 

-

urc ’el and moni to i ’eef f o r  i ne l i s  i d f u a l  areas Ru i i  oi \ t  u s

as svell as for a whole c o u n t u  v , and  the  c u u s i
cf b  ee l ive i l e~ s i i i  va r ious  a l t e r n a l i s  es can be l i  P S  Cc s l in g s  sO he l n ’~ i r u j i  ionat i r  r : i ~~r ss  on

- . - \ r :  - as a Pe Ir~ - .  I I~ ‘ -~ Ii Problem , Dub ros n u kcs a lu at cd  ss n t h  n t  s pL i  t t o  50 1 0 c c  d f l ’i i s s i o i i  ‘m 1 I I 5, I I i~ i
or a i r c r a f t  cent  i t ic a  t o  )n s t : u n u e ian i l s , and st ’n th  — -

- - 2 i \,.e. ( , r i u i r o l  -~~ tu f  l’L _ t 5 5 ,  I : i : ’ i : ~ Law
r e s pe c t  to hn g hss’av or e m t s  p l a n n i n g .  The °‘ ; ‘-t 1211 ,1 Co : rg i  F I R  I i’2~ October 27 .
d ay -ni ght  ay c -r o ~~e sound bes ’e l is  also b e i u i g  1 172
proposed ~~ t l i e  u n i f o r m  d e sc r i pt o r  for 3 i u I’i : r l i c  t l e , u t m t m  and  5,V, i , :, ( i / i c r  I / i  f o r  \ Iu : se
d ocu m c nt ~ a~_ and q e i a i i l i f s  i m i g  the env i i - u u r i —  ~ : r s  . : , , n i r i e i u i i m l I’ r , i i eem ion  -\gs - r e s  5.~) - I 7 ~~i) l 2  —

menta l  i m p a c t  uu l  noise cau sed by : u m i v  a c t ion  Ju m ’ s 27 , l~ 73 *

tha t  would change the  e’.p u > su r e  oi people 4 i  “ lm p a em ( to u r  ~~ i , - : : / u i  r u / u  of \ ,,:-~ - I n c l u d i n g
to n oise . t r m : p l . e . u i : r mi s  of l c f e i u i ~ir e : i g  , u ; u c t  -\ s l r i e s wg 1_c’’ —

I - s,,’t s ot ( u n i u l , u i i s e  N o , - I s~ r ’ ’ .u r s - ~ , l .o kL s~ of t ht ,. common ik s c m  i p t o n  i b l o s t  ~ ins  (‘ rom p R epon  t I I I  I or C. u l~ C h a i n  man it u j i  the f i r s t  t ime t u u  appr  cc i , u t e ’ ihe  t a s k  E n v i r o n m e n r a t  Protect ion -\ g e n s \  - N I I I )  4
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