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Free adrenaline and noradrenaline excretion related to
occupational stress
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suMMARY Urinary levels of free adrenaline and noradrenaline were measured in two groups of healthy
male industrial workers exposed to alternate four-day periods of working conditions with and without
time stress, to test the hypothesis that the sympathetic nervous system is overactivated by occupational
stress. Thirty confectionery workers alternated piece-work (payment by results) and work with a fixed
daily wage while 30 metal workers alternated work on an assembly line with work off it. Under time
stress urinary free adrenaline was 450 per cent and noradrenaline 230 per cent of the levels for similar
work without time stress but involving equal oxygen consumption. These differences were statistically
highly significant and they persisted on retesting after six months of alternating work regimens. They
support the concept that occupational stress in industrial workers influences the adrenosympathetic
system and they indicate a possible method for assessing the effects of high levels of sympathetic activity
on the aetiology of ischaemic heart disease.

Urinary free adrenaline and noradrenaline excretion
provides a general measure of sympatho-adrenal
response to stress (von Euler, 1964). This measure-
ment has been used by Bellet et al. (1969), Anitesco
(1972), Klimmer (1972), Levi (1972b), and
Carruthers et al. (1976) to evaluate the role of the
sympathetic nervous system in some forms of
occupational stress. However, few attempts have
been made to assess adrenosympathetic activity in
certain common types of work, such as piece-work
and on the assembly-line.
The purpose of the present study was to extend

our earlier observations (Timio and Gentili, 1976)
to a larger group of workers, with particular refer-
ence to assessing the role of the sympathetic nervous
system by contrasting measurements of urinary free
adrenaline and noradrenaline excretion in men under
conditions of time stress at work (piece-work and
on the assembly-line) with similar work without
time stress. In addition this study was designed to
ascertain whether the adrenosympathetic reaction
becomes altered after a six-month period of
intermittent exposure to both work systems.

Subiects and methods

Sixty male industrial workers took part in this
research. The age range was 22 to 42 years, mean
34 years. All subjects were in good health and had
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normal 12 lead electrocardiogram, blood pressure,
and glomerular filtration rate (performed a few
days before the observation). The aim and procedure
of the study were explained to all workers and their
signed consent obtained.
They were divided into two groups according to

their job:
Group 1: 30 confectionery workers (piece-

workers, paid by results);
Group 2: 30 metal workers (assembly-line

workers).
They were all trained. All had worked at the

same trade for more than one year, predominantly
on piece-work or on the assembly-line. To avoid
the possibility that the hormonal response of the
workers might have been conditioned in advance
because we had told them the aim of the study, a
cross-over design was used, dividing each group
into two subgroups of 15 workers. Each subgroup
was investigated for three periods of four consecu-
tive working days (seven hours daily) according to
the following schedules.

Schedule A: the first subgroup of confectionery
workers started under piece-work conditions,
continued on a fixed daily wage, then performed
piece-work again (piece-work/fixed wage/piece-
work).

Schedule B: the second subgroup of confectionery
workers, after the first period on a fixed wage,
continued on piece-work, and then returned to a
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fixed wage (fixed wage/piece-work/fixed wage).
Schedule C: the first subgroup of metal workers

worked on the assembly-line, performed work off
the assembly-line during the second period, and
then returned to the assembly-line (assembly-line/
off-the-line/assembly-line).

Schedule D: the second subgroup of metal
workers began with off-the-line work, continued on
the assembly-line, then performed off-the-line
work again (off-the-line/assembly-line/off-the-line).

Muscular work expressed as average energy cost
(MJ/minutel) was similar on piece-work (7.35 ±
0-50) and fixed wage days (7-30 ±0-46), and on
assembly-line (8.10 ±0 76) and off-the-line work
days (8-15 ±0-80). Energy expenditure was calcu-
lated in terms of the oxygen consumed in litres of
expired air per minute (1 litre of oxygen consumed
by a worker is equivalent to 21 MD). The expired
air was collected in a Douglas bag for 10 minutes
of every workday of a given task (Zenz, 1975).
To minimise methodological errors we adopted

a standard procedure. During the periods of
observation food intake was free of any substance
that might have influenced urinary catecholamine
excretion; all drinks containing ethanol or caffeine
were prohibited. No worker was taking psychotro-
phic substances, oral sympathomimetics, or sym-
pathicolytics, tetracyclines, or inhaled vasocon-
strictor substances for nasal stuffiness.
Each subject was instructed not to smoke from

the time he awoke to the end of his working day.
Working environmental temperature was constant
at optimal levels (170 to 200C).
Each worker started work at 7.00 am after an

overnight rest and a standard breakfast. Each
emptied his bladder some five to 10 minutes before
he started work. Urine collections were made over

the seven-hour working period in bottles containing
10 ml 6N HC1 and stored at 4°C. The storage
period never lasted more than 24 hours.

Determinations of urinary excretion of free
adrenaline and noradrenaline were made blind,
using the spectrofluorimetric method described by
Valori et al. (1970). The quantity of each amine
was estimated differentially by solving two simul-
taneous equations in which fluorescence readings
were corrected for the blank values. However, in
our procedure, reagent blank values were low,
reproducible, and very stable. In order to compen-

sate for any incomplete urine collections, the
catecholamine results were expressed as ,ug per g

creatinine, as suggested by von Euler (1964).
Creatinine was determined by alkaline picrate
method.

Student's t test for paired data was used for
1 kCal st 4-2 MJ.

statistical analysis. All values are given as mean ±
standard error of means. Serial determinations of
free adrenaline and noradrenaline urinary excretion
were repeated in the same subjects after six months,
during which time they alternated weeks under
time-stress in piece-work or on the assembly-line
with weeks of fixed wages or off-the-line work.
The standard procedure, cross-over design, and
chemical method were identical to those adopted
for the first observation.

Results

STANDARD GROUP

The urinary excretion of adrenaline and nor-
adrenaline in 10 male normal control subjects (age
range: 24 to 43 years, mean age 33) during 7 hours
(from 7.00 am to 2.00 pm) of light work was for
adrenaline: 1 24±0-51 Fig/g creatinine; and for
noradrenaline: 7-19 ± 1 1±g/g creatinine.

GROUP 1
The seven-hour adrenaline and noradrenaline
excretion in the confectionery workers increased
steadily throughout the four days of piece-work,
during both A and B schedules; the mean levels
are presented in Table 1. During fixed wage days
the urinary levels of adrenaline and noradrenaline
were low and did not differ from those in the control

Table 1 Mean levels (±SEM) for urinary adrenaline
and noradrenaline excretion (,uglg creatinine/ 7 h) during
four-day periods of piece-work and fixed wages in
schedules A and B

Adrenaline Noradrenaline
Schedule Work

Mean + SEM Mean + SEM

Piece-work 5-83 0-98 20-02 1-82
A Fixed wage 1-12 0-27 8-12 0-78

Piece-work 5-36 1 01 18-83 1-96

Fixed wage 1-28 0 39 10-04 0-62
B Piece-work 6-03 1-18 22-19 2-31

Fixed wage 1 11 0 44 9-15 101

Table 2 Mean levels (±SEM) of urinary adrenaline
and noradrenaline excretion (t±g/g creatinine/ 7 h) during
four-day periods of piece-work and fixed wages in
schedules A and B in same workers after six months

Adrenaline Noradrenaline
Schedule Work

Mean ± SEM Mean ± SEM

Piece-work 4-29 0-83 23-19 2-98
A Fixed wage 101 0-21 9-01 1-12

Piece-work 5-18 1-12 19-13 2-01

Fixed wage 1-61 0 39 8-16 0-98
B Piece-work 6-13 2-01 22-58 2-11

Fixed wage 1-18 0-19 10 01 1-09
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men doing light work. The differences between
piece-work and fixed wage periods in both sub-
groups were highly significant (P<0001).

After six months, the measurement of excreted
free adrenaline and noradrenaline again showed
raised levels in both subgroups of confectionery
workers during the four days of piece-work com-
pared with the fixed wage periods (Table 2). The
change was statistically significant (P<0-01).

GROUP 2
During each period ofassembly-line work performed
in accordance with schedules C and D, the mean
seven-hour levels of urinary adrenaline and nor-
adrenaline in metal workers were significantly
higher (P <0-01) than those found during off-the-
line work (Table 3). The excretion of both catechol-
amines was similar to the value of control men
doing light work at all times of off-the-line work.

Table 3 Mean levels (+ SEM) of urinary adrenaline
and noradrenaline excretion ( ug/g creatinine/ 7 h) during
four-day periods of assembly-line and off-the-line work
in schedule C and D

Adrenaline Noradrenaline
Schedule Work

Mean ± SEM Mean ± SEM

Assembly-line 5-53 1-08 21-13 2-96
C Off-the-line 1-08 0-22 9-11 1-36

Assembly-line 6-01 112 19-18 2-49

Off-the-line 117 0-28 8-06 1 14
D Assembly-line 5-13 1-06 21-38 2-07

Off-the-line 1-04 0-23 10-12 1-35

Measurement of urinary free adrenaline and nor-
adrenaline after six months showed a high level
throughout each period of assembly-line work,
compared with low values obtained during off-the-
line work (Table 4). The difference was significant
(P <0-01) for both catecholamines.

Table 4 Mean levels (+ SEM) of urinary adrenaline
and noradrenaline excretion (jg/g creatinine/7 h) during
four-day period of assembly-line and off-the-line work
in schedules C and D in same workers after six months

Adrenaline Noradrenaline
Schedule Work

Mean ± SEM Mean ± SEM

Assembly-line 6-14 1-96 19-46 2-04
C Off-the-line 1-26 0 33 10-13 1-14

Assembly-line 5-36 1-68 21-16 2-48

Off-the-line 1-04 0-19 10-18 1-06
D Assembly-line 4-93 1-51 23-72 3-12

Off-the-line 1-22 0-25 8-41 0 97

Discussion

The aim of the present study was to describe the
effects of two common working systems with
respect to the adrenosympathetic response which
they produced in men.
The results extend our earlier report (Timio and

Gentili, 1976) and represent the first serial measure-
ment of adrenaline and noradrenaline during piece-
work and assembly-line work. They support the
assumption that such working factors have a signifi-
cant effect on the sympathetic function in normal
subjects. A previous investigation consisted of a
few measurements of urinary catecholamines
performed by Levi (1972b) in 12 healthy female
invoicing clerks, under experimental conditions
very similar to piece-work. He found a significant
increase in urinary adrenaline and noradrenaline
excretion, with a concomitant increase in distress,
as judged by increment in rush, fatigue, and physical
discomfort ratings.

In 60 healthy male blue-collar workers under
piece-work and assembly-line conditions, we have
observed an increase in the urinary level of free
adrenaline and noradrenaline. The increase re-
mained almost unchanged (450% and 230% of the
mean normal values) thoughout the four days of
observation. During fixed wage days and off-the-
line work, measurements of both catecholamines
were low and equalled those of controls doing light
work, though the muscular work (as measured by
oxygen consumption) of confectionery workers and
metal workers was identical to that on days of
piece-work and assembly- line work.
The difference in urinary catecholamine excretion

between the two time stressed and unstressed
working conditions persisted not only throughout
each four-day period of observation, but also after
six months of alternate exposure to time stress and
unstressed working conditions.
The basic physiological mechanisms leading to

the high levels of catecholamines in these subjects,
to some degree accustomed to their routine, are
not straightforward, since habituation to normal
environmental stimuli might be expected to lead to
a decrease in psychoendocrine reaction intensity
(Levi, 1972a). On the other hand, the possible
effect on the adrenosympathetic response
resulting from awareness of the aim of the
investigation was avoided by a cross-over design
involving the division of each group of workers
into two subgroups with alternate schedules of
work. One might hypothesise that the significant
adrenosympathetic reaction occurring from a
repetition of psychological working stress is the net
effect of prolonged exposure (increasing the levels)
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and of habituation (decreasing the levels).
Analysis of multiple factors that promote adrener-

gic drive, quantification of their relative importance,
and the identification of the source of the increased
urinary excretion of catecholamines in normal
subjects under conditions of work stress are
difficult. Henry et al. (1971), studying the effects of
environmental behavioural influences on the cardio-
vascular system, noted an increase in the catechol-
amine-synthesising enzyme tyrosine-hydroxylase
and phenyletanolamine N-methyltransferase in
mice exposed for prolonged periods to substained
psychosocial stress. Even though the experimental
animal metabolic response to environmental stress
may have aspects that mimic human conditions, the
importance of these results, extrapolated to man, is
only conjectural.
Although there is some experimental evidence to

link increased adrenergic activity with the develop-
ment of atherosclerosis and coronary heart disease
(Haft and Fani, 1973), further research is needed
to assess the suggestion that the adrenosympathetic
overactivity observed in men under modem working
conditions predisposes towards disease of the
coronary arteries.
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