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Notice Board

In te r -Noise  Seminar

An in t e n s iv e  s h o r t  course on p r in c i p l e s  and a p p l i c a t io n s  of  
noise con t ro l  w i l l  be presen ted  on 4, 5 and 6 May 1978 a t  the Jack Tar 
Hotel in San Franc isco ,  C a l i f o r n i a ,  immediately preceeding INTER-NOISE 
78, Seventh In te rn a t io n a l  Conference on Noise Control Engineering.
The p re s e n ta t io n s  on the f i r s t  day w i l l  cover fundamentals of  a co u s t i c s  
and noise  con tro l  and w i l l  be given by Malcolm J .  Crocker, E d i to r - in -  
Chief ,  NOISE CONTROL ENGINEERING and P r o fe s so r ,  Purdue Univers i ty  and 
by William W. Lang, Program Manager, Acoustics  Technology, IBM. The 
p r e s e n ta t i o n s  on the next  two days w i l l  be given by no ise  contro l  
s p e c i a l i s t s  from in d u s t r y ,  government and u n i v e r s i t i e s  and wil l  cover:  
i n - p l a n t  no ise  c o n t r o l ,  design o f  f a c i l i t i e s  f o r  noise c o n t r o l ,  no ise  
measurements and da ta  r e d u c t io n ,  and a co u s t ic a l  s tandards  used in 
no ise  measurements. The r e g i s t r a t i o n  fee  f o r  the Seminar is  $325. 
Fur ther  d e t a i l s  may be ob ta ined from the INTER-NOISE 78 Conference 
S e c r e t a r i a t ,  P.O. Box 3469, Arl ington  Branch, Poughkeepsie,  NY 12603 
or  te lephone  914/462-6719.

In te r -N o ise  78

The seventh I n t e r n a t io n a l  Conference on Noise Control Engineer
ing to be held a t  the Jack Tar Hote l ,  San Franc isco ,  C a l i f o r n i a ,  U.S.A. 
next  May 8-10.  Two spec ia l  sess ions  on European progress  in noise 
con t ro l  w i l l  be f ea tu red  a t  INTER-NOISE 78. For immediate r e l e a s e  f o r  
f u r t h e r  in fo rm a t ion ,  co n ta c t  Mrs. Joyce B. Raymond, INTER-NOISE 78,
P.O. Box 3469, Arl ington  Branch, Poughkeepsie,  NY 12603, U.S.A.
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1 s t  Annual Noise Measurement and Control Course

The U n ive rs i ty  of  Maine a t  Orono (Bangor) announces t h a t  the 
1 s t  Annual Course in Noise Measurement and Con t ro l ,  d i r e c t e d  by James 
L. Parsons w i l l  be held Ju ly  17 to  21, 1978.

The f a c i l i t i e s  o f  the U nive rs i ty  o f  Maine provide e x c e l l e n t  
accommodations f o r  the p a r t i c i p a n t s .

Oriented to en g in e e r s ,  i n d u s t r i a l  h y g i e n i s t s ,  s a f e ty  personnel 
and Federal and S ta t e  i n s p e c t o r s ,  the course i s  p re sen ted  to acqua in t  
the p a r t i c i p a n t s  with the  methods f o r  e v a lu a t in g  no is e  problems and 
working ou t  s o l u t i o n s .  The su b je c t s  o f  a co u s t i c s  measurement, i n s t r u 
mentat ion ,  noise  c o n t r o l ,  r e g u l a t i o n s ,  compliance programs, hear ing  
damage and hear ing  conserva t ion  programs are  t r e a t e d  and d iscussed  
thoroughly.  Labora to r ies  provide p r a c t i c e  in the use of  sound measuring 
systems.  Ample oppor tun i ty  is  provided s tuden t s  to  d i scuss  ind iv idua l  
problems with f a c u l t y  members. Panel d i s cu s s io n s  with r e g u la to ry  
a u t h o r i t i e s  and expe r t s  w i l l  be a spec ia l  f e a t u r e  of  the program. An 
e x c e l l e n t  and renowned s t a f f  has been assembled to conduct t h i s  course.  
Tui t ion  i s  $300.00 and Room and Board is  $25.00 per day.

For d e s c r i p t i v e  brochure and a p p l i c a t i o n  w r i t e  or  phone:
NMC Coord ina tor ,  1721 Pine S t . ,  P h i l a d e lp h ia ,  Pa. 19103 (215) 735-0205.

National Assoc ia t ion  o f  Acoust ical  Consul tants

George Henderson of Va lcous t ic s  has been Canadian Correspon
dent  to the National Council of  Acoust ical  C onsu l t an ts .  He is  i n 
t e r e s t e d  in r e c e iv i n g  from CAA members items which may be of i n t e r e s t  
to U.S. members o f  NCAC. His address  i s  Va lcous t ic s  Canada L td . ,
30 Drewry Avenue, Su i t e  502, Willowdale,  Onta r io .  M2M 4C4.

Bye Lines

Tony (A.G. ) Taylor has jo ined  Ontario Hydro Power Equipment Department,  
where he is  working on c r i t i c a l  speed and v i b r a t i o n  a n a l y s i s  and on 
occupat ional  noise  in genera t ing  s t a t i o n s .  Tony was formerly with the 
-Noise s e c t i o n ,  Ontario Minis t ry  of  the Environment.

John R. Hemingway has jo ined  SNC, Toronto as Senior  Environmental 
Engineer.  He has a lso  re c e n t l y  become Chairman of  the CSA Subcommittee 
on Noise Ins t rum enta t ion .  John was formerly with the  Noise s e c t i o n ,  
Ontario Min is t ry  of  the Environment.

Tim Kelsal l  has jo ined  Hatch Assoc ia tes  Consul t ing Engineers ,  Toronto 
as a no ise  s p e c i a l i s t  - c u r r e n t  r e s p o n s i b i l i t y  inc ludes the I s c o t t  
s t e e l  complex in T r in idad .  Tim was a l so  formerly with the Noise s e c t i o n ,  
Ontario M0E.
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John Coulte r  has jo ined Vibron L td . ,  Toronto, in ano ther move from 
Ontario MOE Noise s e c t io n .  John was equipment s p e c i a l i s t  a t  MOE.

Dick Worthington moved in to  wider environmental f i e l d s  by jo in in g  
a reg ional  o f f i c e  of  Ontario MOE a t  Sarn ia .  Dick was a lso  formerly 
an in s p e c to r  in the  Noise s e c t i o n .

R.K. (Bob) Leong has jo ined  Civil  Aeronautics in Transport  Canada,
Ottawa working on the energy cos ts  of  a i r c r a f t  noise abatement pro 
cedures .  Bob was formerly with Transport  Canada Road & Motor Vehicle 
T r a f f i c  Safe ty  Branch.

Dr. Moust a fa M. Osman i s  now with the Acoustics  O f f i ce ,  Ontario Min is t ry  
o f  T ranspo r ta t ion  & Communications as Research O f f i ce r  (A cous t ics ) .  
Moustafa i s  a graduate  o f  the U n ive rs i ty  o f  P a r i s ,  h i s  s p e c i a l t y  being 
v e h ic le  noise  and v i b r a t i o n .

Alberto Behar has a l so  jo ined  the Acoustics O f f i ce ,  Ontario MTC as 
Research Engineer (A cous t ics ) .  Alberto was formerly in charge of  
Noise,  V ib ra t io n ,  Building Acoustics  and E lec t ro a c o u s t i c s  a t  I n s t i t u t o  
Nacional de Technologia I n d u s t r i a l  in Argentina .

Fur ther  c o n t r ib u t i o n s  to t h i s  column wi l l  be welcomed.

Book Announcements

Two books of  Canadian paren tage have j u s t  been publi shed ,  
and a re  commended to readers  f o r  t h e i r  use fu lnes s  and in t e r n a t io n a l  
p e r sp ec t iv e  as well as f o r  the  f a c t  t h a t  t h e i r  e d i t o r s  may be known 
to us.

"A rch i te c tu ra l  A cous t ic s11 ( e d i t o r ,  Tom Northwood) i s  the l a t e s t  in 
the  Benchmark Papers in Acoustics  published by Dowden, Hutchinson and 
Ross, o f  S troudsberg ,  Pennsylvania (428 pages,  $30).  Dr. Northwood 
has c a r e f u l l y  s e l e c t e d  30 papers of  ou ts tand ing  s ig n i f i c a n c e  in the 
development o f  a r c h i t e c t u r a l  a co u s t ic s  s ince  the  tu rn  of  the century .
They are  p r in t e d  in f a c s i m i l e ,  and a re  placed in pe r s p ec t iv e  with the 
s o r t  o f  d i sce rn ing  commentary one expects  from the Head, Noise and 
Vibra t ion  Section o f  NRC's Divis ion o f  Building Research. Dr. North
wood has a l so  added a l i s t  o f  r e l a t e d  r e f e r e n c e s ,  and provided 
English of  the summaries o f  the f iv e  papers which are in French or  German.

The book is  in two p a r t s ,  one on Room Acoustics  and one on 
Sound I n s u l a t i o n ,  and each i s  f u r t h e r  d iv ided  in to  physical  a spec ts  
( techn iques  and th e o r i e s )  and su b je c t iv e  a s p e c t s .  "Arch i tec tu ra l  
Acoust ic s"  w i l l  be of  i n t e r e s t  to anyone with  even a nodding knowledge 
o f  a c o u s t i c s ,  and a r c h i t e c t s  and most a c o u s t i c i a n s  wil l  enjoy the 
p r e s e n ta t i o n  o f  the s u b j e c t  in an h i s t o r i c a l  framework through the 
words o f  i t s  ex p e r t s .



4

"Handbook of  Noise Assessment" ( e d i t o r ,  Daryl May) i s  a l so  an i n t e r 
na t iona l  book, published by Van Nostrand Reinhold,  New York (400 pages) .
I t  i s  authored p a r t l y  by i t s  e d i t o r  (of  Ontario Min is t ry  of  T ranspo r ta t ion
and Communications) and p a r t l y  by o th e r  Canadian, American, B r i t i s h  and 
Aust ra l i an  a c o u s t i c i a n s .  I t  addresses  the  quest ion l a r g e l y  neg lected
in o the r  a co u s t i c a l  books of  "How much noise  i s  too much?" Thus i t
covers c r i t e r i a  and the  p r in c ip a l  l i m i t s  e s t a b l i s h e d  in the U.S. and 
o the r  c o u n t r i e s .  I t s  s u b j e c t  i s  not  noise  c o n t r o l .

The handbook i s  in two p a r t s ,  one on Physical  E f fec ts  Assess 
ment and the o th e r  on Psychological  Ef fe c ts  Assessment.  The physical  
e f f e c t s  are  hear ing damage, nonaudi tory  e f f e c t s  o f  no ise  ( inc lud ing  
infrasound and u l t r a s o u n d ) ,  s leep d i s tu r b a n c e ,  and work d i s tu r b a n c e .
The psychological  e f f e c t s ,  annoyance and speech i n t e r f e r e n c e ,  are  
dea l th  with in a s o u r c e - r e c e i v e r  framework - t r a f f i c  noise  to non
t r a v e l l e r s ,  a i r c r a f t  noise  to n o n - t r a v e l l e r s , r e c r e a t i o n a l  veh ic le  
noise  to non-u se rs ,  t r a n s p o r t a t i o n  noise  to t r a v e l l e r s ,  p l a n t  noise  
to r e s i d e n t s ,  and so on. Const ruct ion n o is e ,  domestic no ise  and noise  
in h o s p i t a l s  are  s u b j e c t s  r a r e l y  covered in o th e r  books,  and the  chap te rs  
on these  to p ic s  may be o f  spec ia l  i n t e r e s t .

"Handbook o f  Noise Assessment" i s  in tended f i r s t  f o r  "users"  
and only second f o r  r e s e a r c h e r s ,  which should ensure  a market among 
p r a c t i s i n g  a c o u s t i c i a n s ,  e n g in e e r s ,  c o n s u l t a n t s ,  e n v i r o n m e n t a l i s t s ,  
lawyers and s tu d e n t s .  Researchers should a l s o ,  however, f i nd  the 
book a handy r e f e r e n c e .  The quest ion  "How much noise  i s  too much?" 
i s  a perpetual  problem quest ion to a l l  those involved in a c o u s t i c s ,  
and the book i s  wel l -a imed.

1978 SYMPOSIUM AND CAA ANNUAL MEETING 

PRELIMINARY ANNOUNCEMENT

The 1978 Symposium and Annual Meeting wi l l  be held in 
Hal ifax a t  the  Chateau Ha l i f ax ,  on Thursday, November 3,  and Fr iday,  
November 4, 1978. Plans f o r  the  meeting a re  progress ing well and a 
f i n a l  announcement and c a l l  f o r  papers wil l  be mailed to  members in 
the  near f u t u r e .

T e n ta t iv e  p lans  f o r  an "educat ional  day" j u s t  p r i o r  to 
th e  meeting,  on Wednesday, November 2, which may inc lude a review of 
a co u s t i c s  fundamentals  and a sess ion  on a co u s t i c  s t an d a rd s ,  a re  being 
made. Any comments or sugges t ions  from members regarding  the  u s e f u l 
ness  of t h i s  "educat ional  day" and th e  s u b j e c t s  to  be considered  would 
be most welcome.

Please  forward any sugges t ions  or  comments (pro or con) 
to the  convenor: L.T. Russell

Dept, of  Mechanical Engineering 
Nova Sco t ia  Technical  College  
P.O. Box 1000
Hal i fa x ,  Nova Scot ia  B3J 2X4
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sb/sje/ult

J1st January 1978

Dr. H.¥. Jones,
faculty of Arts and Science,
Department of Physics,
Tins Un2.vers3.ty of Ca_i_gary, 
Alberta,
Canada.

Dear Dr. Jones »

As you know one of the aims of our journal is to provide a balanced 
content, with regard to both subject matter and geographical location 
of the contributors. It would be most welcome, therefore, to receive 
more papers from your country and I wonder whether you will be in a 
position to send us any contributions from your colleagues shortly.
It would be of great help, of course, if you were able to referee 
the papers before forwarding them to us.

Alternatively, if you can let me know of any workers who may have 
results suitable for publication in the journal, I should be pleased 
to write to them myself.

I look forward to hearing from you.

Yours sincerely,

Stephen Bailey 
Assistant Editor
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A Comparison of  the Annoyance Reduction 
Ef fe c ts  o f  D i f f e r e n t  Shie ld ing Types

Susan Birn ie  
McMaster Univers i t y  

Hamilton,  Ontario

In t r oduct io n

In view o f  the  many expensive measures c u r r e n t l y  being taken 
to p r o t e c t  people from n o i s e ,  the quest ion  which a r i s e s  i s  whether the 
methods being used are  as e f f e c t i v e  in reducing the  impact of  no ise  on 
people as they are  in reducing the physical  sound l e v e l s .  This quest ion  
is  important  s ince  the  methods used to date  have assumed t h a t  physical  
measures o f  sound are  r e l i a b l e  i n d i c a t o r s  o f  the  e f f e c t s  of  noise  on 
people.  The work done fo r  t h i s  paper has provided an empir ica l  t e s t  
of  t h a t  assumpt ion , in the s i t u a t i o n  where some kind o f  b a r r i e r  or  
s h i e l d in g  i s  i n s t a l l e d  between the  highway and the  r e s i d e n t i a l  a rea .
This a spec t  i s  important  to  cons ider  because t r a n s p o r t a t i o n  agencies  
are  tu rn ing i n c r e a s i n g l y  to  the co n s t r u c t io n  of  b a r r i e r s  and b u f f e r s ,  
as a method o f  reducing t r a n s p o r t a t i o n  noise .

I t  i s  not  obvious what the  e f f e c t i v e n e s s  of a b a r r i e r  i s  in 
reducing adverse impacts ,  as opposed to t h e i r  a co u s t i c a l  e f f e c t i v e 
ness .  I t  i s  p o s s ib le  t h a t  the aco u s t i c a l  e f f e c t i v e n e s s  and the impact 
e f f e c t i v e n e s s  are  the  same, so t h a t  the p re s en t  assumption is  c o r r e c t ,  
t h a t  a cous t i c a l  measurements a re  good su r roga te s  f o r  no is e  impacts.  
However, two o th e r  p o s s i b i l i t i es are  a lso  e v id e n t .  F i r s t  the impact 
e f f e c t i v e n e s s  may be le s s  e f f e c t i v e  than the  aco u s t i c a l  e f f e c t i v e n e s s ,  
s i g n i f y in g  t h a t  the r e s i d e n t s  l i v i n g  in an area  where a b a r r i e r  has 
been const ruct ed  may s t i l l  be aware of  the presence of  the  highway, 
and even the  reduced noise  l e v e l s  may lead to more annoyance,  compla in ts ,  
and a c t i v i t y  i n t e r f e r e n c e  than one would expect  from the  sound level  
read ings .  On the  o th e r  hand, impact e f f e c t i v e n e s s  may be g r e a t e r  than 
aco u s t i ca l  e f f e c t i v e n e s s ,  such t h a t  the presence o f  the  b a r r i e r  has 
some kind o f  psychological  e f f e c t ,  over and above i t s  a co u s t i c a l  pro
p e r t i e s .  For example, highway e f f e c t s  such as h ead l ig h t  g l a r e ,  spray 
and dus t  may be mixed in wi th  any response  to road t r a f f i c  n o i s e ,  and 
th e r e f o r e  e l im in a t io n  of  these  w i l l  cause the  adverse  r e a c t i o n  to the 
noise to be l e s s  than would be expected from the  sound l e v e l s .  This 
quest ion i s  important  s ince  the c o s t - e f f e c t i v e n e s s  of  s h i e l d in g  fo r  
noise  must be expressed in terms of  what i t  does f o r  people ,  and not  
simply what i t  does f o r  sound l e v e l s .

This paper i n v e s t i g a t e s  responses  to road t r a f f i c  noise  in 
a number o f  r e s i d e n t i a l  areas  which have some form of  s h i e l d in g  between 
them and the  highway. The impact e f f e c t i v e n e s s  of  the s h i e l d in g  is  
analyzed by comparing responses a t  each s i t e  wi th the  responses to 
t r a f f i c  noise  a t  a second s i t e ,  which exper iences  the  same sound
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level a t  the dwell ing,  but  which is e i t h e r  unshielded from the road, 
or is shielded  by a d i f f e r e n t  mater ia l .

Data Used

The data for  such an analysis  was co l lec ted  throughout the 
summers of  1975 and 1976 under pro jec ts  sponsored by the Ontario Ministry 
of  the Environment. Data per ta in ing  to a t t i t u d e s  to noise ,  a c t i v i t i e s  
in t e r fe r e d  with by noise,  perceived health e f fec t s  of  noise ,  and act ions 
taken due to noise were co llec ted  in a number of  re s id en t ia l  neighbour
hood s i t e s .  Each s i t e  consisted of a s ingle row of housing pa ra l l e l  
to the roadway in ques t ion,  and was af fec ted by no major noise sources 
o ther  than the roadway. A twenty-four hour record of  the noise levels  
was also taken, subsequent to the interviewing.

On the basis  of th i s  noise level information, al l  of  the s i t e s  
from the data co l lec t ion  e f fo r t s  were considered to f ind pai rs  of s i t e s  
with as s im i la r  as possible sound level  readings a t  the residences ,  
and with d i f f e r e n t  kinds or  degrees of  sh ie ld ing  between the housing 
and the road. The acoust ical  e f fec t iveness  of  the b a r r i e r  is not under 
inves t iga t ion  here,  s ince the sound levels  a t  the housing units  are the 
same in each p a i r ,  but not  the noise generated by the road. For example, 
the f i r s t  pa i r  out  of the f ive  th a t  were id e n t i f i e d  is  i l l u s t r a t e d  in 
Figure I .  I t  compares the responses of people in the second row of 
housing along a major highway which has a da i ly  t r a f f i c  volume of more 
than 90,000 veh ic les ,  with the responses of people l iv ing  adjacent  to 
an a r t e r i a l  s t r e e t  which ca r r ie s  less  than 30,000 vehicles da i ly .  Clearly 
the noise a t  the road edge is  much higher in the f i r s t  instance than 
in the second. The point  is th a t  the sound levels  a t  the residence 
are the same for  each pa i r  of s i t e s ,  as shown by the monitor readings 
(Table 1).  The day-evening-night  equivalent  l e v e l ,  LoEN* was used as 
the pr incipal  i d e n t i f i e r  of  s im i la r  s i t e s ,  but  day, evening and n igh t 
time Leq are also shown to permit more de ta i led  comparison.

For each pa i r  of s i t e s ,  a large number of var iables  from the 
household interviews were inves t iga ted  to see i f  there were any s ig n i 
f i c a n t  d i f fe rences between the two s i t e s  in the responses (Table 2).
Two var iab les deal with people ' s  overall  a t t i t u d e  toward the noise in 
t h e i r  neighbourhood. The f i r s t  i s  whether or not the respondent 
volunteered th a t  noise was something they d i s l iked  about t h e i r  neigh
bourhood, and the second was t h e i r  r a t ing  of the overall  neighbourhood 
noise on a 9-point  b ipolar  scale  ranging from extremely agreeable to 
extremely d is tu rb ing .  The remaining var iab les  deal with responses to 
s p e c i f i c  noise sources, which fo r  th is  analysis  have been l imited to 
the main road in general and trucks in p a r t i c u l a r .  For each of these 
sources ,  there are se t s  of variab les deal ing with a t t i t u d e s ,  a c t i v i t y  
in t e r fe re n c e ,  act ions  taken,  and perceived heal th e f f e c t s .  The a t t i 
tudes were measured in three ways: f i r s t ;  by whether or  not the person 
volunteered th a t  the sp e c i f i c  source was a noise he or  she noticed.  
Secondly, by a r a t i n g  for  each person mentioning the noise source,  on 
the ordinal  n ine-poin t  b ipo la r  sca le .  Las t ly ,  by a ra t in g  fo r  each
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person disturbed by the noise source, on an in te rva l level disturbance 
scale. A c t iv i t y  in te rrup t ion  is  based on whether or not the respondent 
volunteered the information tha t any o f the a c t iv i t ie s  l is te d  (Table 2) 
were interrupted by noise from each source. Information on actions 
taken was derived from a l i s t  read to the respondent (Table 2). Respon
dents were also asked i f  the spe c if ic  noise source had any e f fe c t  on 
th e i r  fam ily 's  health, s p e c i f ic a l ly  those items shown (Table 2). Thus, 
in addition to the two variables on overa ll a t t i tudes  to noise, there 
are a to ta l o f 27 source-specific  responses ava ilab le fo r  analysis.

Despite th is  large number o f variables ava ilab le  fo r  analysis, 
the method is qu ite  s tra ightforward. A ll  we are examining is whether 
the response to the same noise level is  d i f fe re n t  when d i f fe re n t  types 
o f shie ld ing or barr ie rs  are present. This comparison can be accomplished 
with several simple s ta t is t ic a l  tes ts :  A chi-square te s t  is  used fo r  
the nominal var iab les, a Mann-Whitney te s t  fo r  the ordinal var iab les, 
and a T-tes t fo r  the in te rva l ra t ing  scale.

Results

The resu lts  o f these tests proved to be qu ite  informative 
(Table 3). In a l l  f iv e  pairs o f  s i te s ,  there is a s ig n i f ic a n t  d if fe rence 
in a t t i tu d e  to the overall community noise. In two of the pa irs ,  the 
d ifference is in the number volunteering noise as a problem; in the 
other three pairs the d ifference occurs on the ra t ing  o f  the community 
noise. Pair 1 indicates tha t a single row o f housing is more e f fe c t iv e  
in improving such a t t i tudes  than is a s ingle row o f  trees providing a 
p a r t ia l  visual screen. Pair 2 indicates tha t several rows o f  housing 
are more e f fe c t iv e  sub jec t ive ly  than no sh ie ld ing a t a l l ,  while pa ir  3 
suggests tha t no sh ie ld ing a t a l l  is  more e f fe c t ive  than a so l id  con
crete w a ll.  The remaining 2 pairs suggest tha t a tree screen is more 
e f fe c t ive  than no shie ld ing a t a l l .  Consequently, i f  one is w i l l i n g  to 
postulate t r a n s i t i v i t y  fo r  such comparisons of e ffectiveness, the 
order o f effectiveness o f  these types o f  sh ie ld ing fo r  improving a t t i 
tudes toward the overa ll noise in a neighbourhood is  as shown in 
Figure 2.

There is  considerably less e f fe c t  when one looks a t variables 
re fe rr in g  d i re c t ly  to the main road t r a f f i c  noise (Table 4). There is  
no s ig n i f ic a n t  d iffe rence in a t t i tudes  to the t r a f f i c  noise in four 
o f  the f iv e  pa irs ,  on any o f  the variables analyzed. Therefore, the 
f igu re  shown previously refers only to the a t t i tudes  towards the over
a l l  community noise. When one considers the a c t iv i t ie s  in te r fe red  
w ith ,  there are s ig n i f ic a n t  differences a t only two o f the s i te s .
Only one variab le out o f  8 action or 6 health e ffec ts  shows up as 
s ig n i f ic a n t ,  and th is  is  only at a s ingle s i t e .  By the general ten
dency o f the s i te s ,  we may conclude tha t there is  probably no meaning
fu l  d ifference in sh ie ld ing types w ith respect to actions taken or the 
preceived health e f fec ts .
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There are also no s ig n i f i c a n t  d i f fe rences for  any of  the above 
var iab les in response to t ruck noise.

Conclusions

All forms of sh ie ld ing inves t iga ted  appear to be equally 
e f f e c t iv e  with re spec t  to a large range of responses to road t r a f f i c  
noise,  Therefore,  the working assumption th a t  sound level measurement 
is  a reasonable surrogate for  the measurement of  road t r a f f i c  noise 
impacts is  supported.  I t  may be assumed th a t  any b a r r i e r  which r e 
duces sound levels  will reduce impacts equally.  However, t h i s  applies  
only to source-spec i f ic  reac t ions .  There does appear to be a s i g n i f i 
cant  d if fe rence  in the e f fec t iveness  of  d i f f e r e n t  kinds of  shie lding 
with respect  to the overal l  noise in t h e i r  neighbourhoods.

One c u r io s i ty  in the f indings i s  th a t  fu l l  visual sh ie ld ing  
is  on the one hand psychologically benef ic ia l  ( in the case of  a row of 
housing), and on the other  hand psychological ly detr imental  ( in  the 
case of  the concrete w a l l ) .  We can only speculate about the reasons 
for  t h i s .  I t  is general ly accepted t h a t  noise causes adverse a t t i t u -  
dinal reac t ions not simply as a r e s u l t  of i t s  l e v e l s but  also because 
of meanings associated  with i t .  A concrete wall removes the s ig h t  of  
the road, but not a l l  the c h a r a c t e r i s t i c s  associated with the t r a f f i c ,  
of  which one is  reminded by the noise.  A person l iv ing  in such a s i t u 
at ion  is cons tantly  reminded th a t  they l iv e  next to a busy highway by 
t h a t  noise .  A row of houses also co n s t i tu t e s  an e f f e c t iv e  visual  screen,  
but  they also serve to put di stance and other  people between the r e s i 
dent  and the highway. Therefore,  the negative assoc ia t ions  are more 
remote, and not necessar i ly  a pa r t  of  the neighbourhood in quest ion.

Another question which is  ra ised  by t h i s  ana lys is  i s  whether 
adding trees  or other  landscaping to an e f fe c t iv e  sound b a r r i e r  improves 
a t t i t u d e s  in any way. A study d i rec ted  to the e f f e c t  of the appearance 
of b a r r i e r s  on a t t i t u d e  would seem u s e f u l , given the amount of  money 
which has and wil l  be spent  on highway b a r r i e r s .  An acous t ica l ly  
e f f e c t iv e  b a r r i e r  will  c l e a r ly  reduce the adverse e f fe c t s  of  t r a f f i c  
noise.  The question to be answered is  whether an a e s t h e t i c a l l y  pleasing 
b a r r i e r  wil l  improve general a t t i t u d e s  even more.
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TABLE 1

n

P a i r

1

2

3

4

S i t e  P a i r s  f o r  Analys is  (Sound l e v e l s  i n  dBA)

Locat ion  Type o f  Lntr,, Daytime Evening Nightime
S h ie ld in g  ^ Leq Leq Leq

QEW row 2 1 row o f  hous ing '  65 62 60 57
Dix ie  Road s i n a l e  row o f  t r e e s  64- 61 60 55

S te v e n h a r r i s  s ev e ra l  rows o f  68 67 63 60
housing

S t e r l i n g  S t .  no th ing  68 68 65 60

Horizon V i l l a g e  c o n c r e te  wall  70 69 63 62
(3 .7  m. high)

Garth  S t r e e t  n o t ’ninq 69 67 65 61

I s l i n g t o n  s i n g l e  row o f  t r e e s  76 74 72 67
North
I s l i n g t o n  no th ing  75 74 7? fi7
South

I s l i n g t o n  s i n g l e  row o f  t r e e s  76 74 72 fi?
North
Upper James no th ing  77 73 71 70



TABLE 2 12

Source

Neighbourhood 

Main Road^Trucks

Var iables  Used in the Analysis

Variables

A t t i tudes :
1. mention/not mention n o i se
2. 9-poin t  b ipo la r  sca le

A. A t t i tudes :
1. mention/not mention n o i se
2. 9-point  b ipo la r  sca le
3. 10-point  unipolar  s c a l e

B. A c t iv i ty  In te r fe rence :  
mention/not mention:
sleeping
re lax ing  in s id e /o u t s id e  
conversing in s id e /o u ts id e  
working in s id e /o u ts id e  
watching t e l e v i s io n  
conversing on the te lephone  
eat ing

C. Actions taken: 
mention/not mention: 
c los ing  windows 
using a i r  cond i t ioner  
s taying indoors 
turning on/up t e l e v i s i o n ,  
r ad io ,  records
Wearing ear  plugs 
wait ing fo r  noise  to stop 
individual complaint  a c t io n  
organized complaint  ac t ion

D. Perceived heal th  e f f e c t s :  
mention/not mention: 
nervousness
hearing loss  
i r r i t a b i l i t y  
headaches
in te r ru p t io n  of  sleep 
kept awake

Test

chi -square  
Mann-Whi tney

cfii-square 
Mann-Whitney 
T - te s t

ch i -square

ch i-square

ch i-square
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Pai r

1

?

3

4

TABLE 3

Significance Levels for  t e s t s  of Association
1

Shielding
Comparison

a) one row of housing
vs.

b) t r e e  screen

a) several  rows of  housing 
vs.

b} nothing

a) 3.7 m concrete wall
vs.

b) nothing

a) t r e e s
vs.

b) nothing

a) t r e e s
vs.

b) nothing

A t t i tudes  to Community Noise

1. d i s l i k e  no ise  
(volunteered)

no d i f fe rence

no d i f fe rence

no d i f fe rence

.05 (a>b) 

.01 (a>b)

2. overal l  noise 
ra t in g

,05(a>b)

,01(a>b)

.001(b>a)

no d i f f e r e n c e  

no d i f f e r e n c e
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FIGURE 2

Comparative effectiveness of shielding types ,  

for improving attitudes to overall community noise

!' concrete
<

no shielding
<

thin  t r e e / several rows o f
| wal 1 a t  a l l screen housing
1 (3,7m)

? %

s in g le  row of 
housing



TABLE 4 15

S ig n i f ic a n t  l ev e l s  fo r  t e s t s  of  a ssoc ia t ion

Pair  Shielding
Number Comparison

1 a) one row of
housing 

vs.
b) t r e e  screen

Response
Att i tudes

to Noise from Main Road 
A ct iv i ty  Actions
In te r fe rence  Taken

no d i f fe rence  no d i f fe rence c lose  window 
.05(a>b)

a) several  rows 
of housing

vs.
b) nothing

mention road 
.01(a>b)

no d i f fe ren ce  no d i f fe rence

a) 3.7m concrete wall
vs.  no d i f fe ren ce  no d i f fe ren ce  no d i f fe rence

b) nothing

a) t r e e s
vs.

b) nothing
no d i f fe rence relaxing  

outdoors 
.05( b>a)

no d i f fe rence

Health
Effec ts

in t e r ru p t
s leep
.05(a>b)

no d i f fe re n o

no d i f fe renc

no d i f fe renc

5 a) t r e e s
vs.

b) nothing
no d i f fe rence  working ins ide  no d i f fe rence  no dif ferenc 

.05(a>b)
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An Overview o f  Noise Related Health Ef fe c ts

D.A. Benwell 
X-rays and Radia tion Devices Divis ion 

Radiat ion P r o tec t io n  Bureau 
Brookf ie ld  Road 

Health & Welfare Canada 
Ottawa, Ontar io .  K1A ICI

This paper  a t tempts  to summarize those  aspec ts  of  no ise  r e 
l a t e d  to h e a l th .  In a f i e l d  in which technology i s  advancing r a p id ly  
and where re sea rch  in to  no ise- induced  b i o e f f e c t s  i s  unable  to keep 
pace with these  advances , no a t t empt  has been made to provide  d e t a i l s .  
In s te ad ,  an o u t l i n e  o f  c u r r e n t  knowledge in each of  the  areas  concerned 
and the d i r e c t i o n  o f  f u r t h e r  r e sea rch  requ ir ed  w i l l  be p re sen ted .  I t  
i s  planned to publ ish  a document on t h i s  background informat ion and to 
follow i t  with s p e c i f i c  c r i t e r i a  on each of  the va r ious  heal th  e f f e c t s  
o f  no is e .

Much o f  the  impetus f o r  Health and W el fa re ' s  involvement 
comes from the  f a c t  t h a t  hea l th  c r i t e r i a  fo r  no is e  a re  l a r g e l y  lacking 
in Canada, and so noise  control  has proceeded in a l a r g e ly  uncoordinated 
fa sh ion ,  r e s u l t i n g  in r e g u la t i o n s  and bylaws t h a t  not  only d i f f e r  across  
Canada but  in some cases  are  d r a f t e d  in t e c h n i c a l l y  meaningless  terms.
With more and more r e p o r t s  on the  e f f e c t s  o f  no ise  becoming a v a i l a b l e  
and a lso  workers compensation b e n e f i t s  to employees s u f f e r i n g  no is e -  
induced hear ing lo s s  i n c reas in g  r a p i d l y ,  t h e re  i s  a g r e a t  need fo r  
coord in a t ion  in noise  c o n t r o l .  Producing hea l th  c r i t e r i a  on noise  i s  
one a c t i v i t y  towards achieving t h i s  goal.

Noise can a f f e c t  the a b i l i t y  to communicate and/o r  unders tand 
speech and o th e r  audio-messages .  This may be due to previous impairment 
o f  the hear ing  mechanism or  as a r e s u l t  o f  s u f f i c i e n t l y  high background 
noise  t h a t  speech cannot  be unders tood by the  l i s t e n e r .  In a d d i t io n  
to the  d i r e c t  e f f e c t  of  noise  on the  aud i to ry  mechanism, th e re  are  a t  
l e a s t  t h r e e  o th e r  neural  systems t h a t  may be a f f e c t e d .  These non-aud i to ry  
e f f e c t s  are  not  well understood a t  the p re sen t  t ime, but  should not be 
neg lected.

Hearing Loss

We w il l  begin by looking a t  the  e f f e c t s  of noise  on hear ing .  
Hearing los s  may be def ined as any reduc t ion  in the a b i l i t y  to hear from 
t h a t  of a normal person. There a re  two general  c a t e g o r i e s  of  hear ing 
l o s s :  (1) temporary hear ing  loss  ( temporary t h re sho ld  s h i f t  or  TTS), 
and (2) permanent hear ing lo s s  (which may occur as a r e s u l t  of  the aging 
process ,  d i s e a s e ,  i n j u r y ,  or exposure to loud noises  over a long per iod 
o f  t i m e ) .  When from the l a t t e r  cause ,  i t  i s  g e n e r a l l y  r e f e r r e d  to as 
noise- induced  hear ing  lo s s  or  Noise-Induced Permanent Threshold S h i f t  
(NIPTS).
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Some f a c t o r s  which c r e a t e  d i f f i c u l t y  in assess ing  the amount 
of  hear ing los s  caused by noise  exposure a r e :  (1) ind iv idua l  s u s c e p t i 
b i l i t y ,  (2) presbycus is  and (3) soc io cu s i s .

Hearing impairment i s  a term developed by the American Academy 
of  Ophthalmology and Otolaryngology (AAOO). In 1959 they devised the 
fol lowing  formula (see next s l i d e )  fo r  a s sess ing  a pe rson 's  impairment 
of  hear ing  which i s  s t i l l  widely used.  This formula assumed: (1) the 
f r equenc ies  0 .5 ,  1, and 2 KHz cover the range o f  primary importance 
fo r  hear ing  and understanding speech; (2) they are  given equal weight ,  
and i t  i s  the average th re sho ld  s h i f t  a t  these  th re e  frequenc ies  t h a t  
i s  used to  measure a pe r son 's  a b i l i t y  to understand everyday speech;
(3) "Impairment" begins a f t e r  a person has l o s t  an average of  25 dB 
a t  the speech f req u en c ies ;  (4) each decibel  los s  above 25 dB c o n s t i t u t e s  
1.5% impairment,  so t h a t  a los s  o f  92 dB a t  the speech f requenc ies  con
s t i t u t e s  t o t a l  impairment.

The problem with t h i s  d e f i n i t i o n  i s  t h a t  under very noisy con
d i t i o n s  the th re e  and four  KHz f requenc ies  become very important  and 
these a re  not covered by the AAOO formula.  This problem is  widely recog
n ized .  Also t h i s  type of  d e f i n i t i o n  is  r e a l l y  more concerned with hea r 
ing as app l i ed  to  speech communication in optimal c o n d i t io n s ,  and does 
no t  look a t  the q u a l i t y  of  hear ing requ ired  to  enjoy a good o r c h e s t r a ,  
f o r  i n s t a n c e .

17

Relat ion  of  Hearing Loss to Noise Exposure

Baughn conducted a s tudy in the United S t a t e s  in 1973 t h a t  
gives s t rong  s t a t i s t i c a l  evidence in favour of  an 85 dBA noise l i m i t .
A survey of  14 m i l l ion  people in s e l e c t e d  i n d u s t r i e s  in the S ta te s  
showed t h a t  a t  t h a t  time 1.7 m i l l io n  (12%) would s u f f e r  hear ing  im
pairment a f t e r  40 year s  of  work. I f  a 90 dBA s tandard  was r ig o ro u s ly  
en fo rced ,  the number would drop s l i g h t l y  to 1 m i l l io n  (7%) w h i l s t  an 
85 dBA s tandard  would reduce the number t h a t  would s u f f e r  hear ing  im
pairment  a f t e r  40 year s  to  200,000 (1-1/2%). The maximum noise  l i m i t  
t h a t  would completely e l im in a te  hear ing  impairment a t  4 KHz ( th e  f r e 
quency a t  which the e a r  i s  the most s e n s i t i v e ) ,  fo r  the median of  the 
popu la t io n ,  i s  cons ide rab ly  l e s s  than 85 dBA. Figure 1 shows t h i s  
"no e f f e c t "  level  as determined by a number o f  r e c e n t  s t u d i e s .

Thiessen in his  r e p o r t  " e f f e c t s  o f  no ise  on man" has c a r e 
f u l l y  analyzed da ta  r e l a t i n g  hear ing loss  to noise  exposure.  His da ta  
a re  mainly based on the EPA Report on the hea l th  hazards of  no ise ,  
which inc ludes  r e s u l t s  obta ined  world-wide,  and whose general  v a l i d i t y  
and cons i s tency  were examined and weighted accord in g ly .  Th ies sen ' s  
c a l c u l a t i o n  o f  maximum Noise-Induced Permanent S h i f t  (NIPTS) over  40 
year  exposure in dB i s  given in Figure 2. Dr. Thiessen does no t  make 
s p e c i f i c  recommendations in  h i s  r e p o r t  fo r  an occupat ional  noise  l i m i t ,  
bu t  he does s t ro n g ly  recommend a 3 dBA higher  level  f o r  each f a c t o r  of 
2 re duc t ion  in exposure time (as opposed to  the p re sen t ly  used 5 dBA).
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There is  a t  l e a s t  as much evidence fo r  3 dBA as 5 dBA. Fu r ther  the 
3 dBA level  r e p r e s e n t  a f a c t o r  of 2 change in energy.  This i s  supported 
by recommendations made by the Health and Sa fe ty  Executive f o r  B r i t i s h  
L e g i s l a t i o n .  Some assessment  i s  made o f  the  e f f e c t  o f  impulse (very 
s h o r t  d u ra t ion )  noise  by Dr. Thiessen b u t ,  as he says ,  the areas  of 
ignorance a re  s t i l l  g r e a t .

Bruel r e p o r t s  in h is  a r t i c l e  "Do we measure damaging noise  
c o r r e c t l y ? "  t h a t  in the i ron and s t e e l  i n d u s t ry  th e re  are  s i g n i f i c a n t  
peaks of  s h o r t  du ra t ion  noise  con ta in in g  a s i g n i f i c a n t  amount of  energy 
in the 4-6 kHz frequency range.  He suggests  t h a t  s ince  these  f r equenc ie s  
a re  ampl i f i ed  by the o u te r  and middle e a r ,  t h i s  exp la in s  why hear ing  
loss  always s t a r t s  in t h i s  f requency range.  The impulse noises  found 
in th i s  in d u s t ry  and s i m i l a r  noise  producing environments such as 
ra i lway shops ,  may account  fo r  the h igher  r i s k  o f  hear ing  loss  than 
t h a t  given by the  t o t a l  noise  exposure c r i t e r i o n  now used.

This view i s  suppor ted by the  World Health Organizat ion who 
recommends f u r t h e r  re sea rc h  in t h i s  a r e a .

The premise t h a t  occupat ional  noi se  l i m i t s  should ensure  p ro 
t e c t i o n  from any measurable degradat ion  of  hear ing a c u i ty  i f  they are  
to adequate ly  p r o t e c t  publ ic  hea l th  and w e l f a r e ,  appears  a v a l id  one.

There has been a g r e a t  deal of  cont rove rsy  over the a p p ro p r i a t e  
l i m i t s  to be s e t ,  p a r t i c u l a r l y  in the United S t a t e s .  This i s  p r im ar i ly  
because both the adequacy and i n t e r p r e t a t i o n  of  the  s c i e n t i f i c  data  
have been d i spu ted .

There i s  nev e r th e l e s s  enough evidence suppor t ing  lower occu
pa t iona l  noise  l i m i t s  to make i t  appear worthwhile r e v i s i n g  r e g u la t i o n s  
now. More da ta  i s  r equ ir ed  to a sse ss  both the e f f e c t s  o f  impulse noise  
and a lso  i f  the re  i s  a b e t t e r  way than the  p re s en t  noise  dose c r i t e r i o n  
to p r o t e c t  hear ing .

Audiometric (hea r ing)  t e s t i n g  i s  conducted f o r  f i v e  main
reasons  :

1. The i d e n t i f i c a t i o n  of  hear ing impairment.

2. As need to the d i agnosi s  o f  the  problem.

3. As a guide to the  management o f  the  p a t i e n t  once the  problem
is  found to e x i s t .

4. Monitoring the  hear ing  s t a t u s  o f  the i n d iv id u a l .

5. I n d i c a t o r  of  the  e f f i c a c y  o f  the  hear ing conse rv a t ion  program.

An audiometer i s  a f requency-compensated,  aud io - s igna l  g e n e r a to r .  
I t  produces pure tones  a t  va r ious  f r equenc ie s  and i n t e n s i t i e s  f o r  use in
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measuring hearing s e n s i t i v i t i e s .  I t  enables the measurement of  the 
minimum audible f i e l d  for  each ear  a t  ce r ta in  prescribed frequencies.
A typical  audiogram is  shown in Figure 3. The main purposes of such 
hearing t e s t s  are to iden t i fy  ex i s t ing  or developing hearing impedi
ments and to monitor the e f fec t iveness  of  hearing conservation pro
grams. The former is  r e fe r red  to as diagnost ic  audiometric t e s t in g  
and the l a t t e r  as indus t r ia l  audiometric t e s t in g .

A number of variab les e x i s t  which can a f f e c t  the accuracy 
of audiometric measurements. These are summarized in Figure 4. Not 
only must care be taken in the type and ca l ib r a t io n  of  the equipment, 
but  also in the t e s t  loca t ion  and procedures. In p a r t i c u l a r ,  the 
in s t ru c t io n s  to the person taking the t e s t  must be ca re fu l ly  given. 
There a re ,  however, physiological and psychological variab les th a t  
cannot be contro l led  and which contr ibute to the va r ia t ion  in response.

Careful control  of  audiometric t e s t in g  is  necessary to pro
vide the necessary precision  by which hearing loss may be assessed.  
Whilst over the years th i s  has become b e t t e r  understood and ca re fu l ly  
contro l led  by b e t t e r  equipment, operator  t r a in in g  and procedures,  
improvements in measurement precision are s t i l l  required.

Personal hear ing-pro tec t ive  devices are acoust ical  b a r r ie r s  
th a t  reduce the amount of sound energy transmit ted  to receptors  in the 
inner ear .  The sound at tenuat ion  c apab i l i ty  of the hearing pro tec t ive  
device a t  threshold may be measured by the d if fe rence  ( in d ec ibe l s ) ,  
between the threshold of a u d i b i l i t y  for  an observer with hearing pro
t ec to r s  in place ( t e s t  th resho ld ) ,  and the measured hearing threshold 
when his ears are open and uncovered (reference  th reshold ) .

Hearing p ro tec t ive  devices used today are general ly inserted  
in to  the ears or ear  muff types.  The in se r t - ty p e  p ro tec tor  a t tenuates  
noise by plugging the external ear  canal ,  whereas the ear  muff type 
p ro tec to r  closes the a u r ic le  of the ear  to provide as acous t ical  sea l .  
Their e f fec t iveness  depends on several f ac to rs  t h a t  are r e la ted  to 
the way in which the sound energy is  t ransmit ted  through or  around the 
device.

In se lec t in g  a personal hear ing-pro tec t ive  device,  several  
design fac tors  should be considered including the performance, com
f o r t ,  communications requirements,  and appearance.

There are Canadian and other  standards for  the measurement 
of  the ef fec t iveness  of  hearing p ro tec to rs .  At the moment, however, 
none of  them adequately account for  the importance of  the hearing pro
t e c to r s  f i t  to the ea r ,  a subjec t  fo r  fu r th e r  s tud ie s .  There i s  also 
a need for  a long term study to assess the e f fec t iveness  of the use 
of  hearing pro tec to rs  in conjunction with careful audiometric t e s t in g .
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Speech In t e r f e r en c e

Speech i n t e r f e r e n c e  i s  one a spec t  o f  the  phenomenon of  mask
ing.  Masking i s  an i n t e r a c t i o n  of two a co u s t i c s  s t i m u l i  where one of  
them:

1. Changes the q u a l i t y  of  the o th e r .

2. S h i f t s  i t s  apparent  l o ca t i o n  or  loudness.

3. Makes i t  completely inaud ib le .

Speech i n t e l l i g i b i l i t y  and a r t i c u l a t i o n  index are  two measures 
of  speech i n t e r f e r e n c e .  They provide a measure of  the amount of  con
ve rs a t i on  an a l e r t  l i s t e n e r  i s  l i k e l y  to comprehend a t  a c e r t a i n  d i s 
tance .  The problem with measures such as t h e s e ,  however i s  t h a t  they 
do not  f u l l y  account  f o r  the  f a c t  t h a t  speech c o n s i s t s  of  a complicated 
sequence of  sounds of  varying i n t e n s i t y  and frequency d i s t r i b u t i o n .
Since speech i s  not  uniform, some sounds w i l l  be masked by c e r t a i n  
sources but  not  o t h e r s .  This v a r i e s  with t ime,  as speech v a r i e s  in 
i n t e n s i t y  and frequency conten t  with time even in a s teady sound f i e l d .

Speech i n t e r f e r e n c e  can be a danger - (when masking warning 
or  emergency s i g n a l s ) ,  or  i t  can be a useful  t o o l ,  such as masking 
systems in o f f i c e s  t h a t  cover up d i s t u r b i n g  n o i s e s .  I t  can a l so  be 
a form of  annoyance.

Ef fe c t  o f  Noise on Sleep

The e f f e c t  o f  noise on s leep  i s  a h ighly  impor tan t  hea l th  
e f f e c t .  We a re  f o r t u n a t e  in t h a t  the aco u s t i c s  s e c t i o n  a t  National 
Research Council i s  amongst the  foremost  in t h i s  f i e l d .  The fo l l ow 
ing informat ion  i s  based on Th ies se n ' s  r e p o r t  on the " E f f e c t  of  noise  
on man".

I t  i s  known t h a t  s leep  may be d i s tu rb e d  by noise  and t h a t  
some groups (such as the  o ld ,  middle-aged and s ick )  a re  p a r t i c u l a r l y  
s e n s i t i v e  to these  e f f e c t s .  Sleep i s  thought  to be a r e s t o r a t i v e  pro
cess during which the organs of  the  body renew t h e i r  supply of  energy 
and n u t r i t i v e  elements.  Survey da ta  a l so  i n d i c a t e  t h a t  s leep  d i s 
turbance is o f te n  the p r in c ip a l  reason given fo r  noise  annoyance.
Sleep i n t e r f e r e n c e  thus c o n s t i t u t e s  a common he a l th  hazard.

The i n t e r f e r e n c e  o f  s leep  i s  viewed with concern by the  i n 
d iv idual  and h ea l th  a u t h o r i t i e s  a l i k e .  The ind iv idua l  i s  aware of 
mainly two e f f e c t s  - a noise  induced delay in f a l l i n g  a s leep  when 
f i r s t  r e t i r i n g ,  and being awakened by noise  during the  n ig h t .

Medical a u t h o r i t i e s  know t h a t  t h e re  a re  d i f f e r e n t  s ta g es  o f  
s le ep  - u sua l l y  l a b e l l e d  s tages  1, 2, 3, 4 and 1 (REM), and t h a t  
a pp ro p r i a te  amounts o f  s leep  are  necessary .  Noise may cause a s h i f t
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from a deep level of  s leep to a shal lower one, thus d is turb ing  the 
normal apportionment of  each stage.  Furthermore, s leep progresses 
during the night  in a cyc l ica l  pa t te rn  cons is t ing  of about 3 to 7 
cycles ,  depending on the indiv iduals .  Noise may d is rup t  the cycl ica l  
pa t te rn  of  s leep .  Some believe t h a t  i n t e r f e r i n g  with th is  cycl ica l  
pa t te rn  i s  in i t s e l f  de le te r ious .

In order  to monitor s leep in d e t a i l ,  s leep l a b o ra to r i e s ,  
such as t h a t  a t  the National Research Council, use the elec troencepha lo 
graph to monitor s leep.  Two or more elect rodes  are at tached to appro
p r i a t e  par ts  of  head and the e l e c t r i c a l  signal  from these are recorded 
on a cha r t  recorder or on magnetic tape,  and these signa ls  may be analyzed 
by eye or  computer. In t h i s  way the aforementioned e f fec ts  of noise on 
sleep continue to be quanti f ied  by labo ra to r ie s  in grea te r  d e t a i l .

Non-Auditory Physiological Responses

There i s  a subs tan t ia l  body of data ind ica t ing  th a t  noise may 
have non-auditory physiological e f f e c t s .  The major e f f e c t  of  noise in 
th is  area is  as a general biological  s t r e s so r .  S ign i f ican t  adverse 
heal th consequences are produced by cardiovascular  and endocrine e f f e c t s .  
Major cardiovascu la r  diseases account for  over h a l f  of a l l  deaths in 
North America and noise-induced s t r e s s  is  a contr ibut ing  f a c to r .  A 
re t ro sp ec t iv e  study car r ied  out in the United States by NIOSH (1973), 
of medical records of workers for  a 5 year  period 1966-1970 (Figure 5) 
ind ica te  a subs tan t ia l  increase in diseases for  workers in a high noise 
environment compared to workers in a low noise environment. There is 
however, a t  present ,  a lack of  conclusive evidence for  these e f fec ts  
a t  noise levels  of less  than those which wil l cause hearing loss .
Further research is  required in th i s  area to e s t a b l i sh  the impact on 
soc ie ty .

Annoyance and Other Psychological Effects

Although a highly important area of the e f fec ts  of  noise,  th i s  
subjec t  is  beyond the scope of th i s  paper, which is  r e s t r i c t e d  to more 
d i r e c t  e f f e c t  of noise on heal th.

Summary

This paper has attempted to summarize the major heal th  e f f e c t s  
of  no ise .  I t  is proposed th a t  there is  a g rea t  need for  heal th c r i t e r i a ,  
coordinat ion of Federal noise control  programs, rev ision  of  present  
l e g i s l a t i o n  and suggest ing areas in which new l e g i s l a t i o n  should be 
presented.  I t  would seem appropriate  th a t  the Department of  National 
Health and Welfare should provide basic heal th c r i t e r i a  in both occupa
t ional  and environmental noise.  Since noise l e g i s l a t i o n  is  enacted 
pr imari ly to reduce adverse heal th e f f e c t s ,  t h i s  would a s s i s t  in pro
viding coordinat ion in Canadian noise control  programs.
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AUDIOGRAMS
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Fig. 25—1.—A typical manual audiogram show
ing hearing thresholds within the normal range.
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Fig. 25-2.—A typical manual audiogram that 
was taken immediately after the employee was 
exposed to excessive noise. Compare the hear
ing threshold levels shown here with those plotted 
on the audiogram shown in Figure 25—1. Note 
the sharp drop at'4000 Hz.
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Causes Of  Au d io f e t r ic  Changes

P hysical V a riab les  25

I mproper p la œ fe n t  of earphones 

Am b ie n t  n o is e  levels in  test  room

Eq u ip a n t  va r ia b les ,  such as accuracy of attenuator steps ,  type  of earphone 

cushio ns ,  hum,  n o is e ,  e t c ,

Ph ys io lo g ic a l  Va riables

Age and sex

Pathology of the auditory organs 

General health of subject 

Temporary threshold s h if t

T im  ITUS AND OTHER HEAD NOISES

Psychological Variab les

Mo tivatio n  of subject 

Momentary fluctuations of attention  

Attitu d e  toward the test situ atio n

PERSONALITY ATTRIBUTES

I ntellectual factors 

Comprehension of instructions 

Experience in  tcst takin g  of any sort 

Response conditions

Type of response required of subject,  i .e . ,  button pressing ,  finger r a is in g , 

verbal response,  e t c .

Methodological Variables

Testing  technique used

T ime interval between successive tests

I nstructions to subjects

Order of presentation of frequencies

Figure 4



Numbers o f  Diagnosed Disorder By toicAL Category 

For Workers in High and Low Noise Groups For 

5 Year Period 1966-70

Category Number Afflicted Number of Occurrences
of

D iagnosed D isorder
High
Noise

Low
Noise

High
Noise

Low
Noise

Respiratory 331 146 2152 590

Allergenic 196 86 358 118

Musculo/Skeletal 75 31 104 47

Cardiovascular 64 37 114 70

D igestive 50 21 66 30

Glandular 39 10 48 14

Neurological 34 11 49 29

Urological 29 14 40 5

F i g u r e  5
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