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ABSTR<\CT 
The relationship between low frequency noise exposure and subjective 
symptoms, such as fatigue, tension, irritability and annoyance reactions were 
studied in a group of 439 persons working in offices, laboratories and 
industries. Measurements were made of each person's exposure to noise and 
subjective responses were collected by means of a questionnaire. The dB(C) -
dB(A) difference was used as an indicator of the low frequency character of the 
workplace noise. Indices of annoyance, distraction reactions and symptoms 
were used as dependent variables in hierarchical multiple regression analyses. 
Potential confounders were controlled for. 

Low frequency noise was strongly related to fatigue and tiredness after work, 
with an increase of these symptoms with increased low frequency dominance in 
the noise. Annoyance was strongly related to noise level and distraction 
reactions were neither related to noise level nor with the low frequency 
character of the noise. Specific response patterns due to low frequency noise 
are discussed. 

In case studies of persons sensitive to low frequency noise, symptoms such as 
pressure on the eardrum or a pulsating feeling on the eardrum have been the 
most consistent result. Other symptoms that have been reported in both field 
and experimental studies are tiredness, irritation and uneasiness, difficulties to 
concentrate, headache, nausea and dizziness l . Sleep disturbances and sleep loss 
due to noise have both been studied and verified in laboratory studies and by 
questionnaires. But there are few studies where these effects could be attributed 
to low frequency noise in particular2• Generally, most systematic studies of the 
reactions to low frequency noise have been carried out in the laboratory with 
short time exposure and there are very few field studies of long term exposure, 
especially in work environments. One exception is Landstrom et al.3 who 
reported that drivers in heavy lorries reduced wakefulness, and that 
this effect was related to the exposure to low frequency noise. In this paper a 
field study is presented on the relation between different subjective responses 
and low frequency noise in work environments. 
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METHOD 

Participants and Work Environments 
The study included 439 people, 292 women and 147 men, with a mean age 37 
y (17-65 y). The study was conducted in three types of workplaces: offices, 
laboratories and industries and a five minute recording was made of each 
person's noise exposure with a stationary sound level meter (Briiel & Kjaer 
model 2231) with a Briiel & Kjaer 4155 microphone. The recording period was 
chosen to be representative for the person's noise exposure at work. Subjective 
responses were collected by a questionnaire which included questions about the 
noise, work, environmental and individual factors. Workplaces were chosen 
with varying frequency characteristics a.nd with noise levels below the current 
exposure limit in Sweden at 85 dB(A). 

Estimation of Degree of Low Frequency Content in the Noise 
The difference was calculated between the C and the A frequency weighted 
sound pressure levels of each participant's noise exposure. This C-A difference 
was then used as an indicator of the low frequencies content of the noise. 

Symptoms and Annoyance Reactions 
The symptoms included in the regression were: fatigue, feelings of being tense 
and uneasy without any reason, feelings of irritation, and a feeling of being so 
tired after work that one would not be able to socialize with the family or do 
any other leisure time activity. The symptoms were measured on a four point 
scale ranging from "Daily" to "Seldom or never". 

An annoyance index was constructed from four questions: the subjective 
rating of annoyance on a 100 mm graphic scale with the two poles and five 
other points on the scale labelled verbally, numbers of actions taken against the 
noise, how often one thOUght of the noise during the day at work and problems 
with speech comprehension due to noise. 

The distraction reactions were defined by an index including questions 
about: difficulties to concentrate in the work task, startle responses and noise 
effect on the work task performance. The indices of annoyance and distraction 
reactions were based upon previous factor analyses of the variables4• 

Besides the effect ,of the sound level and the content of low frequencies in 
the noise, a number of confounders were entered in the regression: 

Five self-rated noise characteristics: variability (frequency of changes of the 
noise), predictability (number of surprising changes), degree of self-control of 
the noise, self-rated possibility to lower the noise level, and the presence or 
absence of different noise sources; 

Four individual characteristics: sex, age, self-rated hearing status and noise 
sensitivity; 

Type of work sites: categorised work sites as either office, laboratory or 
industry; 

Work task characteristics: ratings of work load and how interesting or boring 
the participants regarded their work task; and exposure time defined as how 
long a time the participant had been working at the same work place. 

Data Analyses 
Hierarchical regression analyses were used with symptoms, annoyance and 
distraction indices as dependent variables. Independent variables were entered 
successively with sound level dB(A) and dB(C)-dB(A) difference entered in the 



first two blocks, whereafter the confounders were entered into the analyses. 

RESULTS 

Symptoms 
Figure 1 illustrates the four symptoms included in the analyses and their 
relation to low frequency noise expressed as C-A differences. Fatigue = .03, 
P = .04) and tiredness after work = .06, P = .00) were significantly related to 
the degree of low frequency content in the noise, also after control for the 
effects of sound level and the other confounders. Both symptoms were 
strengthened with increasing C-A differences. Sound level and C-A difference 
explained 4 % of the increase in reported fatigue symptoms and 10 % of the 
increase in reported tiredness after work. 
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Figure 1. 
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C-A difference 

Mean ratings of four symptoms adjusted for the effect of 
differences in sound level in five successive 4 dB(A) groups of 
dB(C) - dB(A) differences. The' number of participants in each 
group is given in parentheses. 

The groups with more than 15 dB C-A differences, reported more symptoms 
of being tired after work than groups with smaller differences (F4,433 = 3.25; P 
=.01). 

Annoyance and Distraction 
Figure 2 shows mean ratings of annoyance and distraction reactions adjusted 
for sound level. Annoyance was both related to sound level = .94, P < .(01) 
and C-A difference = .72, P = .04). Sound level and C-A differences 
explained 13% of the reported annoyance increase. Distraction was neither 
related to sound level nor to the C-A differences. 
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Figure 2. 
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C-A difference 

Mean ratings of annoyance and distraction (indices) adjusted for 
the effect of differences in sound level in five successive 4 dB(A) 
groups of dB(C) - dB(A) differences. The number of participants 
in each group is given in parentheses. 

CONCLUSIONS 
Groups exposed to noise with C-A differences exceeding 15 dB reported more 
symptoms of tiredness after work than groups where this difference was 
smaller. This difference was not explained by sound level or the other 
confounders. An increase in low frequencies in the noise also increased the 
degree of annoyance and fatigue. It should be noted though that no extreme low 
frequency noise environments were included in the study; no person was 
exposed to noise with C-A differences greater than 20 dB. 

The results shows that a certain pattern of reactions is related to low 
frequency noise. Fatigue and annoyance is clearly part of this reaction pattern 
and the results is also in accordance with the symptoms and reactions found in 
earlier studies. 

The C-A difference could, as an estimate of low frequency content in the 
noise, be in some extreme cases impaired with errors. The C-A difference has 
been used in a recent published study and shown to improve the prediction of 
annoyance. Kjellberg et al.5 showed that increasing the measured dB(A) sound 
level with 6 dB when the C-A difference was larger than 15 dB, was a method 
as good as any other more complex method in predicting degree of annoyance 
due to low frequency noise. 

Further studies concerning subjective reactions due to long term exposure to 
low frequency noise are certainly needed to verify the results of this study and 
of earlier findings. 
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