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Abstract, Henmodynamic parameters (cardiac contraction rate, ejection volurie,
arterial blood pressure and total vascular peripheral resistance) were evaluated
in women during 4-hours’ monotonous work, connected with a moderate exer-
cise, or monotonous visual work performed in laboratory conditions.” Next,
the capacity of noise of 70 dB(A) to modify changes of hemodynamic para-
meters “caused by work was checked. It  was found that the noise did not
affect work efficiency, but it did result in an mcrease of ejection volume and
a rise in arterial (especially diastolic). blood pressure. N01se of 70 dB(A) brmgs
about an mcrease of physiological effort of work. . -

Al
INTRODUCTION

> An acoustlc stlmulus br1ngs about dlfferent changes in the fun-
ctioning of many organs and systems of the organism, mainly. through_ N
the influence on the central and autonomic nervous systems (3, 6, 14, 15,
- 16): The role of acoustic. information for the safety and preservatmn of
the whole organism and even life,. resulted in.the formation of numerous
junctions between the organ. of hearing and centres controlling homeo-
stasis, such as e.g. limbic system and reticular formation which regulate”
the act1v1ty of the autonomic nervous ‘'system. Acoustic stimulus is a ty-.
pical stressor for the human organism. Reactions of ‘organs and systems.
of human organism provoked by acoustic stimuli are produced by the
excitation of ‘sympathetic part of the autonomic nervous system — acce--
leration ‘and ~deepening of respiration, suppression of perlstals1s inten-
sified activity of the adrenal cortex and adrenal medulla, stimulation
of the general metabolism, and in the circulatory system, contraction of
peripheral blood vessels, and to a lesser degree, an increase in blood
pressure and the cardiac contraction rate. It is held that a long-term .
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exposure to noise may result in arter1a1 hypertension and coronary‘
heart disease (5, 12). . : . i
Noise is an inherent agent of the working environment in industry.
The maJorlty of observations of the effect of noise on the human orga- -
nism deal with high intensity acoustic stimulus (90—100 dB). In’ industry,
the noise intensity at many work-stands reaches this-level or even sur-
" passes it. Generally, however, it can be assumed ‘that working in in-
* dustrial plants where noise intensity is lower than 70 dB occurs very
. rarely. The effect of systemic noise of such an intensity is not so evident
- and dramatic as noise of 90 dB, however, already at a noise intensity
which equals 65 dB, some reactions can be observed which indicate
changes in autonomic nervous system act1v1ty and the oceurrence of
emotional disorders 9, 19, 28). . )
The aim of the present study was to evaluate the effect of 1ndustr1al
" noise of 70" dB(A) on cardiac activity. Two of the most important physio-
logical factors which make it possible to evaluate cardiac activity are’
cardiac contraction rate and ejection volume, both of which can be used
to determine minute heart volume. Every stress to the organism may
lead to changes in circulatory system activity, and the type of change is
often. specific to the kind of workload. Therefore, the estimation of -
workload often requires the measurement of changes in cardiac and cir-
culatory system activity, especially thé assessment of the cardiac con-
traction rate and arterial blood pressare (4, 8). For instance, a typical
symptom of workload monotony is a decrease in the cardiac contractmn
rate as the time of work passes (8). Since noise can induce a contrary
action, i.e. it can increase the cardiac contraction rate and build up ar-
ter1a1 blood pressure (1, 2,-5, 13, 15, 18), it. proved useful to assess to
what extent industrial noise of 70 dB modifies changes of cardiac activity -
and arterlall blood pressure caused by monotonous work such as collecting
products or passing on elements (monotype movements of the upper
extrémities and lifting the load) or fitting up small elements (monotype
movements of the upper extremities and visual work). The aim of the
.study was to evaluate changes in ‘ejection volume, cardiac contraction
rate, minute heart volume and arterial blood pressure as affected by two
types of monotonous work (with and without physical workload) and
the estimation of the effect on performance during this work of norse’
of 70 dB(A) '

wme s iy

MATERIAL-AND METHOﬁ

The 'study was carried out.in two groups of women perforring two:
sorts of work in laboratory conditions for 4 hours (8.00 am. — 12.00).
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The common features of both types of work were monotony, resulting
. from monotypic movements of the upper extremities, an absolute lack of
any purpose in the work, a reclining position of the body, and a free,
unrestricted work rate. The differenoe, however, consisted in the fact
that in the first case work was connected with a -physical -workload
(monotonous physmal work-MPW), while in the latter — it was a mono-
tonous visual work (MVW). Each group of women performed their work
twice — with and without noise, i.e. under normal laboratory acoustic
conditions, and in noise of 70 dB(A) characteristic of industrial con-
ditions emitted through earphones from a tape recorder. (noise emitted
by looms). Fifty percent of the examined women in each. group started

work in ndise, and the remaining 50% — in silence. o : e

. Monotonous physical work (MPW) .was carried’ out by 14 women
aged 29.0%2.3, of body weight — 58.0+8.5 kg, height — 160.0£6.4 cm,
“with maximum oxygen absorption amountmg to 29.147. 08"ml/kg/m1n
The work consisted in passmg\boxes weighing 0.567 kg through a window
cut out in a plate placed vertically to the front plane of the boxkes. The
" examined persons made about 30 monotype movements of the upper ex-
_ tremities per minute, Wthh resulted.in the shifting of 2850 kg durmg
4 hours.. . .
Monotonous visual work (MVW) was performed by a group of 17 wo-
men aged 29.3%3.2, of body weight 56.3+8.3 kg, height — 161.5+4. 8 cm

and maximum oxygen absorption — 36:071+8.9 ml/kg/min. The work

consisted in stringing small elements of full diameter =.2—3 mm and an
aperture dlameter = 0.5—0.7 mm onto a silicon thread The examined

. persons made ‘about 60 monotype ‘movements per minute. Nine women . .

performed both kinds of work, i.e. they belonged- to. both examined
‘groups.

. Before work and at the end of every successive hour of work arter1a1
blood pressure was measured at the same time as ECG from a precordial
lead using polyphysiograph and. rheographic cyrve was being differen- .
tiated using a Rheoplethysmograph produced in the USSR and electrodes
made in Poland. The ECG record rendered it possible to calculate car-
diac contraction rate. Takmg into account the rheographlc curve, ejection
volume was measured ‘as a mean value of at least 10 successive cardiac

contractions, using- the formula modified by Kubick (10). Minute heart '

volume was calculated by multrplymg cardiac contraction rate by ejection
volume.

~ heart volume — in successive hours of monotondus work connected with
physical workload and monotonous visual work performed without noise
-and in noise of 70 dB(A) — as-a percentage of the resting value. Fig. 2

Fig. 1 presents cardiac contraction rate, ejection volume and mmute '

s
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F1g 1. Changes of hemodynamic parameters in successive hours of work, expressed
as a percentage of resting value. A — heart contraction rate, B — {otal peripheral
resistance, C — ejection volume, D — minute heart volume E — cystolic blood
pressure, F — diastolic blood pressure. Continuous line — monotonous physical work
(MPW). Broken line — monotonous visual -work (MVW). Circles — work performed
Wlthout noise. Tr1angles — work performed in*noise of 70 db(A).

shows mean values for 4 hours 'of work. During both MPW and MVW,
a decreasing frequency of cardiac contraction rate was observed as the
time passed. In the case of the physmal workload, the cardiac contraction
 rate was always greater than at rest (p <<0.01 —p< 0.001), while for
monotonous visual work which did not involve a physical workload,
cardiac contraction raté was lower than at rest, and starting with the
2nd hour of work, it was. statistically remarkable (p << 0.05 — p << 0.001).
- The decrease in 'the cardjac contraction ,rate as the work continued
(the difference-between cardiac’ contraction rate in the 1st and the 4th
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Fig. 2. Mean values of hemodynamic parameters for 4 hours’ work, expressed as
. a percentage of resting values. A — heart contraction rate, B — total peripheral
res1stance C — ejection volume, D — minute heart volume, E — systolic blood
- pressuré, F — -diastolic blood pressure, I'-—— monotonous physmal ‘work (MPW),
1I — monotonous visual work (MVW) Empty bars — work performed \'mthout noise.
Llned bars — work performed in noise.

T

hours of work) was statistically significant, except MPW performed in

noise, where the decrease was not statistically remarkable. Noise of
70 dB(A) resulted in an increase in the cardiac contraction rate, in con-
trast to conditions free from noise, in which the cardiac contraction rate
_increased only during the 1st and 2nd hours of MVW (p << 0.05).
Ejection volume during MVW in every hour of work was statistically
more remarkable than at rest (p < 0.01 — p <<0. 001), while during MPW,

ejection volume was statistically more 51gn1f1cant than at rest during the -

1st, 2nd and 4th hours of work (p< 0.05); during the 3rd hour it was
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greater than at rest, but the difference was not statistically significant.
-Noise at work resulted in an increase m eJectlon Volume both durmg .
.MPW and MVW,

The mean heart eJectlon volume durmg the 4th hour of MPW per-
formed in noise was statistically more significant (p <C0.05) than without -
noise. Minute heart volume was statistically more noticeable than at rest
© (p <<0.001) during MVW in every hour, while during MPW. it was stati-
stically .more remarkable than at rest during the 1st, 2nd and 4th hours
of work. The group of 17 women who performed MVW was divided into
subgroups: 9 women exposed to noise for the second time (they carried
out their MPW in n01se) and 8 women who were working in noise for the
first fime. Heart ejection volume in both subgroups was measured. No
difference in heart ejection volume in women working in noise for the

first time and exposed to noise for a second time was observed.

The changes in-arterial-blood pressure are presented in Fig. 3. Mono-
tonous physical work performed without noise brought about a-decrease
in arterial systolic blood pressure as the work continued, so that in the
3rd and 4th hours of work it was significantly lower than at rest
(p << 0.05), while arterial diastolic blood pressure was not affected by
any statistically remarkable changes. A continuous increase in both
. -.systolic and diastolic blood pressure during the performance of the same’
work in-noise was observed, so that in.the 4th hour of work, the two
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Fig. 3. Arterial blood.pressur’e at rest.and in successive hours of monotonous work:
A — physwal without noise, A;" — physical in noise  of 70 dB(A), B — visual with-
. out noise, B, — visual in noise- of 70 dB(A);
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kinds Fxof pressure were noticeably higher than in the 1st hour (p << 0.001).
At the 'same time, the increase of diastolic blood pressure was more sub-
stantial than the increase of systolic pressure. . During MVW without
_hoise, a continuous decrease in systolic and. diastolic blood pressure
(statistically -unimportant) was noticed, while during the- same kind of
work performed in noise, between the 1st and 4th hours of work, a slight
(statistically unimportant) increase of systolic blood' pressure and a sta-
tistically significant increase in diastolic blood  pressure (p << 0.05), were
registered. In the 4th hour of work in noise, expressed as.a percentage
of resting values, systolic blood pressure was statistically remarkably
higher than it was during MPW without noise, whereas diastolic blood -
pressure was statistically significantly higher at MPW than at MVW.
From the mean arterial blood pressure and minute ‘heart- volume, the
value of total vascular res1stance was calculated (Fig. 1). No distinct
differences in vascular resistance duting work in noisy and noise-free
conditions were observed. Also, no decided differences between the
effectiveness of MPW and MVW performed in noise and w1thout it 'were
' documented

DISCUSSION

Monotony brings about a decrease in the cardiac contraction rate as
work continues (8). During MPW  and MVW performed without noise,
a decrease in -the cardiac contractioh*rate typical of monotonous work
depending on the physical workload was reported. This phenomenon was
observed to different extents during MPW, the cardiac contraction rate
- was always higher than at rest, while during MVW, the cardiac con-
traction rate was lower than at rest (Fig. 1). Noise of 70 dB, reported at -
MVW accelerated cardiac activity during the'lst and 2nd hours of work,
‘as compared to the conditions without noise, but it did not alter, the
influence of work monotony; thus the cardiac -contraction rate de-
creased as work continued. On the other hand, during MPW no decrease
* in ‘the cardiac contraction rate was reported, the difference between its
-value in the 1st and 4th hours of work was not statistically significant.
The combination of two agents 'which stimulate the cardiac contraction
rate, .l.e. noise and physical workload (neither of which, taken separately,
'dommated over the monotony of work which decreased cardiac action)
exceeded -this monotony. This fact should. be taken into account when
assessing the workload based on cardiac contraction rate when work
performance is connected even with a slight exercise and exposure to
nmse Noise of 70 dB prevented the cardiac contraction rate from de-
creasmg but it had no decisive effect upon. the mean (4 hours of work)
cardiac contraction rate both during MPW and MVW. -
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Work monotony resulted in decreasmg arterial blood pressure (sy-

© - stolic during MPW and both systolic and diastolic during MVW) as the
" work was being performed. Exposure to noisé of 70 dB(A) caused a gra-
dual increase in arterial blood pressure during both MPW and MVW. -

In both cases diastolic blood pressure increased most, which is confirmed
by other'studies in which a decrease in arterial blood pressure (especially
. diastolic) was observed as a result of exposure to noise (short-term but
. of high sound intensity) (2, 19, 20). There are numerous data referring
- to the poss1b1e development of hypertension in-persons exposed to noise

- of great intensities (1, 2, 5, 12, 20, 22) for a long time. The results of -

our study indicate that even in exposure to noiseé of a relatively small -
interisity (70 dB), arterial blood pressure can be higher than durmg the
same sort of work performed without noise.

During both MPW and MVW in noise, a distinct, statistically signi-
- ficant increase in ejection volume was observed as comparéd to the ejec-
" tion volume reported durmg the same work without noise. \

During MVW in noise, the mean ejection volume was 10% hlgher
‘than during work without noise: during MPW this volume was 7%
higher. The increase in ejection volume in noise also resulted in an in-
crease in minute heart volume, which in the case of MVW was 6.8%/0 and
of MPW — 7. 1’% higher for work in noise than without noise.

Studies concerning the effect.of noise upon ejection volume are very

few and .deal with short-term- and low infensity noise (90—105. dB). On =

the basis of these studies; it was found that noise of 95 and 105 dB(A)
_ lowered ejection volume -in. males, the eJectlon volume being assessed
using rheography of the first five heart contractions after the action of
acoustic stimulus (17). Other studies (13) proved that in some males
7 minutes’ exposure to two kinds of noise (music or “white noise”) of
90 dB resulted in a decrease of ejection volume evaluated using ballisto-
cardlography, ‘while in other males from the examined group, an increase
in ejection volume was observed. In the literature avallable no data on
feJectlon volume in conditions of long-term exposure to noise of intensity
amounting to 70 dB are mentioned. The results of our own studies indi-
cate that ejection volume. during 4 hours of MPW and MVW in noise of
70 dB(A) was greater than during the same sort of-work, performed
in silence. On the basis of our resalts, it can be stated that noise of
relatively low intensity (70 dB/A) during work intensifiés the physical
effort connected with this work, as it involves the heart in more inten-
sive work than is required to provide the proper blood flow in phy51éal
work or visual work without noise. Also, the higher arterial bleod pres-
_sure’ 1nd1cates that the physiological effort of work is hlgher in exposure
{o noise. :
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Human fesponses to noise, the degree and type of changes in phy-
siological functions, depend on the sound intensity, spectral characteri-
stics’ of the noise and exposure duration, as well as on the age, g eneral
efflmency of the organism, mot1vat1on (positive or negative). in relation
to the. experienced sound perception and even on sex (7, 9, 15, 16, 18, 19, -
25, 26, 27). Intensity of 65—70 dB is the lowest noise level at which the
tirst observable reactions of the autonomic nervous system and emotions -
reactions can be registered (11, 15, 16, 28). During this exposure, the
regulatory “ possibilities of vegetative reactions and the consistency of ~
- physiological reactions can still be prexserved ‘The extent -of the changes "
to vegetative reactions is characterized by a linear rise until an 1ntenS1ty"\‘.
of 90—95 dB(A) is registered. At noise intensities which exceed 90 dB,
‘reactions start to become pathologicaI, and as exposure 'is prolonged, an
overbu’rglening of the whole organism can be observed. At the same time,
any proper control over somatic reactions becomes impossible (15, 16).
A -common example of such pathological reactions of. the circulatory:

rsystem is the decrease ‘in ejection volume during exposure to noise of - °

more than 90 dB.  One of the organism’s observable responses to in-
creasing noise 1nten51ty is'an increase in peripheral resistance. (6, 19, 22).

It is suspected that the increase of ejection volumé and minute heart
volume observed in women who perform work in noise of 70 dB(A) is
a compensatory physiological reaction which prevents a decrease in blood
flow through the peripheral vessels. However, ro distinct differences
between the values of total peripheral resistance during work in noise.
and without it, was reported. It is possible that such a reaction (an in-
crease of ejection volume) may be connected with the sex of the exa-
mined persons, though it is dlfflcult to confirm this hypothe51s as we do
"not know of any exammatmn in which the ejection volume of males
exposed to. noise of 70 dB or females - exposed  to 90 dB has .been
- measured. On the other hand, some dlfferen!ces have been reported con-' -
cerning other physmlogmal functlons in males and females exposed to
R noise. Females, for instance, ‘are less sensitive than males to hypocausia
-brought about by noise (25, 27), but more sensitive to sleep- disturbing
noise (16). Neus et al (16) carried out examinations during which both
males -and females were exposed o traffic- noise of 70 dB (changes in
arterial blood pressure, pulse amplitude, determined using plethysmo-.
- graphy, pulse rate, respiration rate and integrated EMG were measured).

It was interesting to observe that the male response to noise was. much
stronger than the female. In males exposed to high noise levels (those
exceeding 100 dB) at work, an increase of 17-OHCS in urine and no
‘changes in 17-KS concentration were noticed (21, 24). In other expe-
riments during thch women -exposed to similar noise levels were exam-
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ined, no changes in 17- OHCS level in urine and an mcrease in 17-KS .
level, were reported (23). .

It seems that the most probable reason behind the différence in
heart ejection volumes (increase in females .exposed to noise of 70 dB
for -4 hours, and decrease in males exposed to short-duration noise of
90 dB or more) is the variation in exposure level (intensity, exposure
. duration), although sex-dependence cannot be excluded. The ‘problem: of

the noise effect on ejection volume certamly calls for more advanced
exammatlon :

RESULTS

1. Noise of 70 dB(A) does not affect the effectiveness of mono-
tonous work connected with a moderate physical effort and of monoto-
nous visual work

2. Noise of 70 dB(A) mod1f1es the hemodynamic reactlons which
occur during the performance of monotonous work. v

3. The hemodynamic indices of noise of 70 dB(A) during mono-
tonous work are heart ejection volume and an increase in arterial (espe-
mally diastolic) blood- pressure. ‘

4, The character of changes in hemodynamlc reactions indicates that
noise increases the physiological effort of monotonous work. .
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