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ABSTRACT

Biochemical changes including blood glucose and urea, serum sodium and potassium and
urinary excretion of 17-ketosteroids and total catecholamines were studied in 183 textile workers
exposed to average noise levels of 89, 93.5 or 96.5 dB for different durations, as well as in a control
group of 31 workers.

The resules of the study indicated that blood glucose, serum sodium and portassium did not
signiticantly change in any of the exposed groups from the control subjects. Blood urea showed
significant increase in the groups exposed to 93.9 and 96.5 dB, while their urinary excretions of 17
-ketosteroids were significantly lower than that of the controls. The levels of the rotal urinary
catecholamines of all exposed groups were significantly higher than the controls,

These findings substantiate the belief that noise, as stressor could be a predisposing factor in
some diseases such as cardiovascular, neurological and hormonal disorders. It might be, also,

concluded that the assessment of blood urea and/or urinary total catecholamines in the groups
exposed to noise may be used for sereening workers w ho abnormally respond to such suess,

Apart from hearing loss, noise can adversely affect man in various ways.
Recent reports suggest a connection berween noise and disturbance of various
physiological functions including cardiovascular, glandular, respiratory and
neurological changes, all of which are suggestive of general stress reactiont:13,16,
Numerous authors claim that noise provokes a physiological stress reaction
through reflex stimulation of the auditory nerve and of the hypothalamus.

It is well known that a number of stressors can elicit an increased release
of corticoids due to the stimulation of the sympathetic-adrenal medullary
system!4, These hormones can induce a variety of biochemical changes which
depict the organism’s attempt to cope with environmental stress32!1. For
example, the exposure of animals to intense noise, particularly to high frequency
noise for protracted periods led to a marked depletion of adrmal constituents
and to several pathological changes in different body systemsl. Such changes
have been considered to indicate that the physiological tolerance or ability of the
animal to adapt to a stressful situation has been exceeded. It is plausible to expect
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similar findings in man; however, neither the levels nor the exposure conditions
that exceed the physiological tolerance to noise are known7.

The best evidence that noise may act as physiological stress comes from
direet analysis of changes in the adrenal cortex and evidence of the secretion of
corticosteroids in the blood and urine. Some authors observed substantial
clevations of free plasma 17-hydroxycorticosteroids and urinary 17-ketosteroids
(17-K8) in men exposed to sound in the range from 65 to 93 dB and it has been
claimed that the measurement of urinary 17-KS presents a meaningful index of
the physiological reaction to noise2l. Furthermore, it has been reported that, in
general, changes in the synthesis and degradation of c'm:cholamlncs are produced
under the influence of long-lasting acoustic stimuli!

The present study was therefore conducted to uncover evidence supporting
the association between occupational noise exposure and changes in urinary
excretion of 17-KS and total catecholamines and changes in blood glucose and
urea, and serum sodium and potassium in workers exposed to different levels of
noise. This is in an endeavour to use some of these parameters for the early
detection of abnormal response to noise.

SUBJECTS AND METHODS

A group of 183 male workers was randomly selected from the total
population of workers in three different textile operations, viz: weaving
preparation (n = 25, 13.7%), spinning (n = 60, 32.8°¢) and weaving (n =98,
53.5%), in a textile plant located in Kafr El-Dawar, close to Alexandria. The
average noise levels in the different departments were determined to be 89, 93
and 96 dB respectively!?. A control group of 50 male subjects of matched age
and of similar socio-economic status as that of the selected workers were
similarly chosen from the auxiliary workers in the same plant who had jobs
known to be away from noise exposure.

Blood samples were collected from each exposed worker, as well as from the
control subjects after four hours of noise exposure in the shift. The samples were
taken by vein puncture in vacutainer tubes. Each sample was divided to get a
portion as total blood for the determination of blood glucose and blood urea.
The other portion of the sample was allowed to clot and the serum was separated
(by centrifugation) for the determination of sodium and potassium.

Spot urine samples were collected from each of the examined subjects
(exposed and control) for the determination of 17-KS and total catecholamines.

The blood glucose and urea were determined as described by Varley24. The
serum sodium and potassium were determined by means of the Atomic
Absorption Spectrophotometer as described in the PYE Unicam Manual?0, The
urinary 17-KS were determined  with  the Sisma Kit22, Urinary total
catecholamines were absorbed on amberlite resin (IRC-50), eluted and
determined by the modified method of Weil-Melherbe and Bone?4. Both urinary
17-KS and total catecholamines were expressed on the basis of the urinary
creatinine content as determined by Folin method24,
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RESULTS
Noise exposure

The noise levels to which the examined workers were continuously exposed
during the work shifts are summarized in Table 1. It is clear that the workers in

TABLE 1
Noise levels in the different textile operations.

Noise levels (dB)
Occuparion - o

Range Average
Control subjects 69.0-74.5 715
Weaving preparation 81.0-81.5 81.3
Spinning 92.0-95.0 93.5
Weaving 96.0-97.0 96.5

the weaving were exposed to the highest level of noise followed by those in
spinning and the lowest level in the weaving preparation. The level of the
background noise in the locations from which the control subjects were selected
ranged from 69 to 74 dB.

Variation of blood glucose and urea and serum sodium and potassium with the level of
noise exposure

The levels of blood glucose and urea in the workers exposed to different
levels of noise and in the control subjects arc presented in Table 2. The average
age of the examined groups ranged from 35.0 to 39.8 years and no significant
difference was observed in their age. The duration of exposure of the different
groups was not significantly different, except for the workers in the weaving
preparation whose average exposure was 23.0 vears while for the other three
groups it ranged from 13.8 to 16.4 vears.

The levels of blood glucose did not show any significant difference between
the exposed and control subjects. However, a slight decrease of the mean blood
glucose in the examined groups was observed as a result of the increase in the
level of noise exposure. The levels of blood urea among the different workers
exposed to noise showed a significant increase (p < 0.01) with the higher levels
of noise (spinning 93.5 and weaving 96.5 dB) as compared to that of the controls.

Serum sodium and potassium did not show any significant change in any of
the noise exposed groups from the control values.

Variation of urinary 17-ketosteroids and total catecholamines with levels of noise exposure
The levels of the urinary 17-KS and total catecholamines of the examined

workers based on the urinary creatinine content are presented in Table 2. The
mean levels of urinary 17-KS for the groups exposed to high levels of noise (i.c.
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spinners 93.5 dB and weavers 96.5 dB) were significantly lower (p < 0.05) than
those of the controls, while the mean level in workers exposed to relatively lower
noise levels (i.e. weaving preparation, 81.3 dB) was not significantly different
from that of the controls.

On the other hand, the mean levels of total catecholamines of all the
exposed workers were significantly higher (p <0.05 — 0.01) than those of the
control subjects. The increase in the urinary catecholamines showed intermediate
correlation with noise exposure (r=().52).

Variation of measured parameters with the duration of exposure

The exposed workers were distributed according to the duration of
exposure to noise and the mean levels of the measured parameters were
compared with those of the controls in Table 3. The urinary catecholamines were
significantly higher in all the examined subgroups exposed to noise for different
durations than in the controls. The decrease in the levels of urinary 17-KS did
not show any specific pattern with duration of exposure. The increase in the
blood urea, for the workers exposed to high noise (e.g. spinners and weavers),
was high in the subgroups exposed for less than 10 years followed by a relative
reduction in the subgroups exposed for periods ranging from 10 to 20 years and
an increase again in the subgroups exposed for durations longer than 20 years.

TABLE 3
Variation of some of the measured parameters with the duration of exposure to different levels of
noise (mean + S.D.).

Blood and urine parameters

Operation Durj;ion Number Age —_ ——_
(n\tc_ragc exposure If (vears) Blood urea Urinary 17-KS Urinary mlml
) (vears) WOrkeLs (mg/100ml)  (mg/g creat.) catecholamine
? (ng/g creat)

Control = - "

= 8 +12.9 b6+ 5 10.5 + 1.6 48.9 + 16.
(71.5 dB) 51 35.8 246+ 54 5+1 48 1.5
Weaving <10 = - -
preparation 10— 8 340+75 294+ 337 10.0 + 1.5 65.8 = 8.3+4
(81.3 dB) 204+ 17 42443 260+ 5.6 10,0+ 1.6 599+ 11.1%
Spinning =10 28 328453 30:3 & 7.3%% 95 2.3* 68.6 « 18.3*
(93.5 dB) 10— 7 34145 253+ 37 9.8+ 1.5 6.4+ 15.74%

20+ 25 49.1 =50 320+ 96 98+1.9 66.2 + 15.7%*
Weaving <10 32 21742  309= 94%* 106=x16 70.6 £ 17.5%*
{965 dB) 10— 15 35.8+51 27.8+102 10,6 + 1.6 78.2+ 12.0%*

204 51 46.6 + 5.0 32.72:10,1%= 91£1.9%% 7384 13.6%

"p <005 **p <001
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DISCUSSION

The data presented in this study clearly indicated that exposure to
continuous noise at levels above 80dB brings about changes in some
biochemical parameters including blood urea and urinary excretion of 17-K$S and
total catecholamines.

However, the slight decrease of blood glucose in workers exposed to
relatively high noise was also observed by other authors. For example, Hasan!2
reported a decreased blood glucose and glycogen content in rabbits exposed to
noise and vibration, while Simpson and co-workers23 proved that the effects of
noise stress on skilled performance could be modified by glucose preloading.
Besides, Ashbel4 presented evidence of a relationship between the levels of blood
glucose and noise and recommended a high carbohydrate diet for workers
exposed to high frequency noise.

The increase of blood urea observed in workers exposed to noise in our
study, although it was always within the normal universal range of blood urea
(20—40 mg/100 ml) was significant specially in workers exposed to relatively
high noise levels (e.g. spinners and weavers). These findings are in agreement
with the results of other authors. Wesson25 demonstrated a relationship between
the psychological or physical stress and the excretion of urea, while Anthony and
Ackerman! demonstrated that guinea-pigs exposed to prolonged noise showed
tissue damage to kidney. Recently such changes have been atributed to increased
noradrenaline excretion which augments the permeability of the glomerules
membrane to protein and, at the same time, might affect the tubular re-
-absorption of proteinS. However, the phenomena observed among the examined
workers regarding the variation of the blood urea with duration of exposure
need further follow-up investigations.

Noise, as a general stressor, has been known to stimulate the activity of the
sympathetic nervous system and it has been anticipated that exposure to noise
may lead to excessive excretion of the hormones of the sympathetic adrenal
medullary system, adrenaline and noradrenaline!l. However, the effect of noise
on the endocrine system has been a subject of contradiction among various
investigators. While some investigators reported increased urinary excretion of
endocrine metabolites after stressful reactions, others denied such effects®:1V. The
data presented in this study show that the urinary excretion of catecholamines
increased significantly and steadily (p <<0.01, r = 0.52) with increased levels of
noise exposure. This effect might be attributed to increase in the secretion of
adrenaline and/or noradrenaline. Both of these hormones were reported to be
elevated after physical exercise, mental work or emotional stress!l. Moreover,
changes in catecholamines were reported even at a quite low level of noise
exposure". However, the excretion of both adrenaline and noradrenaline has been
reported to depend also on the psychological status of the studied subjects as well
as on their physical firness and mental stateS.

Similar to catecholamine excretion, the reports on the effect of stress on
urinary 17-KS excretion are contradictory. While Arguelles and co-workers?
demonstrated increased excretion of urinary 17-KS in men exposed to noise, our
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data show that the urinary excretion of 17-KS decreased in workers exposed to
noise in different textile operations.

It may be assumed that such contradiction in the results which concern
endocrine metabolites is due to a difference in the conditions of the stresses to
which the subjects were exposed in different studies. The urinary excretion of
such metabolites is a combined action of many factors of the neural and
endocrine regularity svstems which play a major role in the homeostatis8, It is
also known that hormones do not exert individual effects on different organ
systems and biochemical processes in the body, but represent only a part of such
effects$18, Moreover, the measurements of such metabolites could vary
considerably according to the time of the stressful action, the subject’s physical
fitness and environmental factors!3,

It may be concluded that the present findings substantiate the belief that
noise, as stressor, could be a predisposing factor for the development of
cardiovascular, neurological and hormonal disorders. However, further studies
are recommended to investigate the changes in the system in comparison to the
changes in the presently studied parameters. Meanwhile, the assessment of
urinary total catecholamines and/or blood urea in workers exposed to noise may
be used for screening the subjects who abnormally respond to such stress.
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