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Abstract. This article presents a study on the evaluation of the workload imposed to workers of two sectors of a flexible pack-
aging manufacturer that operates in three shifts. The workers are allocated in one of the shifts (morning, evening and night
shifts) without evaluation of their chronotype and/or social needs. The Imprint sector has a more dynamic work, which is done
only by man due to the effort demanded by handling loads. The work in the Cutting/Welding sector is static, done mainly by
women. The results showed that the overall workload was the same in the Imprint and Cutting/Welding sectors, because physi-
cal effort for load handling is higher in the former but the latter involves high static load. The levels of urinary catecholamines
and salivary cortisol were consistent with the workers biological clock showing that none of the workers changed his/her bio-
logical cycle to accommodate to the time of the shift schedule.
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1. Introduction

The negative impacts of night and shiftwork on
health (more fatigue, sleep deprivation and patholo-
gies), familiar and social unbalance as well as work-
ers efficiency has been widely discussed in the liter-
ature. Night work determines that workers meals are
often irregular, taken in unusual hours, very different
from the schedules the worker has in the non working
days or during daytime work. The alterations on rest-
ing hours impact on the biological rhythm and the
worker cannot control the effects on both physical
and cognitive functions because they are synchro-
nized with the biological rhythm of sleep and vigi-
lance [22]. The consequences are insomnia, irritation,
excessive sleepiness during the day, lethargy during
night work, continuous fatigue, disruption of diges-
tive treat functioning and increase in cardiovascular
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diseases [3,25,45]. Focused attention is reduced due
to sleepiness, open eyes involuntary naps are frequent
without being perceived by the worker, accident’s
risk increase, and production discontinues. Road ac-
cidents, for example, are more likely during night
[3,67]. Higher mortality rate was found in fixed night
shift Imprint workers [65].

The adverse effects of night and shiftwork might
be minimized by reducing the number of night work
and compensating with more time offs [40,43-44].
More than three consecutive night shifts should be
avoided [3] in order to generate more time for reco-
vering from fatigue, sleep deprivation and biological
alterations: the more night shifts, the worse the quali-
ty of sleep [23]. Work schedule should be well de-
fined by the type of system, beginning and end of
each shift, duration and frequency, the number of
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working days, pauses, number of free days and com-
pensation for working days [41].

Although night work performance is generally
considered inferior to daytime work performance
[21,24], comparison among shifts is difficult to make
due to the many variables involved, such as work
environment, type of work, pressure for production,
bonus payment etc [54]. Besides, researches focus on
schedules based on general ergonomics guidelines
but forget about the worker’s capabilities and proce-
dures to carry out the tasks during day or night [66].
The assumption that what is reasonable for daytime
work is also reasonable for night work is false as is
the assumption that, chronobiologicaly, human be-
ings cannot be efficient at night due to a reduction of
attention. Workers adopt strategies both individually
and collectively to cope with the constraints imposed
by unusual working hours [66]. Besides, the impacts
of night and shiftwork should not be evaluated con-
sidering only the worker individually because social
matters are also involved [43,62,66]. Therefore, peo-
ple should have more autonomy for organizing their
working schedule and choose their journey model
[42,44]. Considering both the individual differences
and needs, people should be asked to perform tasks in
accordance to their capabilities during morning,
evening or night in order not to get overloaded and
negatively impact production.

Most studies focus the impacts of night and shift-
work on the quality of sleep [4-5,7,16,22,24-
25,39,49-50,53,55-56,59,61,63-64] on the sleep de-
privation and its relation to accidents [6,43], mortali-
ty [8,47] and both psychophysical and psychosocial
effects of shiftwork [1-2]. Other studies focus on the
nutritional and metabolic conditions [9,57] and health
and general problems [8,26,46-47,58]. Studies are
transversal, based on databases from large enterprises
of the transportation [39,50,55,59], petrochemical
[21,22] and chemical [40,53] sectors, relating night
and shiftwork with illnesses and absenteeism, not
necessarily changing the work organization. No lon-
gitudinal studies (i.e. evaluating a same population
for a long time) were done so far because they are
difficult to pursue [15].

While most studies on night and shiftwork focus
on people’s health, industrial engineering studies do
not focus either on health or ergonomics but on pro-
duction and complying with legislation. Ergonomic
studies on the workers satisfaction with their shift-
work were done in a shoe component manufacturer
[1], in a mailing company [11], in a graphics industry
[12], in a call center [17], in a steel metallurgy com-
pany [31] and in an oil transportation company [51].

In order to contribute for the night and shiftwork lite-
rature in ergonomics, this study aimed to evaluate the
impact of shiftwork on the workload perceived by 85
employees from two sectors of a packaging manufac-
turer company in the state of Parana, Brazil, which
operates in three fixed shifts. Another paper presents
the opinion of these same workers about the shift-
work and the work carried out in the Company.

2. Method

Subjective evaluation of workload was based on
the Macroergonomic Work Analysis (MA) work con-
tent questionnaire [30] and an adaptation of the
NASA-TLX [32] questionnaire, both answered by 85
workers (mean age 27 years old): 42 male workers
from the three shifts of the Imprint (I) sector and 43
(39 being women) from the Cutting/Welding (C/W)
sector of the Company. A differential of this study is
that physiological evaluation was also carried out to
evaluate stress based on: 1) levels of urinary catecho-
lamine and the levels of salivary steroid hormone
cortisol, measured on the beginning and at the end of
the work journey, on two dates, from 23 volunteers
(10 from the I sector and 13 (all women) from the
C/W sector), from the three shifts of each sector; 2)
heart frequency (HF) and arterial pressure of the 23
workers, measured on two dates, four times each day
(in the beginning, two in the middle and one at the
end of the work journey). Heart frequency and arte-
rial pressure were recorded by portable Geratherm
KP-6310 monitors. Salivary samples (10 ml) were
collected with appropriate cotton sticks, by the re-
searchers. The 23 volunteers gave the researches the
urinary samples. These samples were delivered to the
laboratory for analysis, after the end of the journey.
All participants signed a consent form.

Environmental data (noise, temperature and hu-
midity) were gathered for evaluation of their impact
on the workers. Data were collected four times in a
day, in the same two different dates of the physiolog-
ical measurements.

The results were analyzed by descriptive statistics
and non-parametric statistical tests because data did
not display normal distribution. The correlation be-
tween the subjective and physiological results was
evaluated by Spearman test; comparison of the phy-
siological data (urinary levels of catecholamine and
the levels of salivary cortisol) before and after the
journey was made by Wilcoxon test. Friedman test
was used to evaluate more than two paired variables
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(heart frequency and arterial pressure in four different
moments in different days). Comparison of the res-
ponses among the three shifts of each sector was
done by Kruskal-Wallis test. The results with a statis-
tical difference (significant to p-value <0.10) were
analyzed with a non-parametric comparison test. The
Mann —Whitney U test was used to compare the re-
sults from the two sectors.

3. Results

3.1 The work in the imprint and cutting/welding
sectors

The shifts in the Company are fixed: the morning
one from 05:30 AM to 1:50 PM, the evening one
from 1:45 PM to 10:05 PM and the night one from
10:00 PM to 05:35 AM. Temperature in the data col-
lection dates varied from 12.7°C e 23.3°C below the
discomfort limit in Annex 3 of norm NR15 [13] for
the type of evaluated tasks. Noise varied between 82
dB(A) and 86,3 dB(A), above the comfort limit of 80
dB(A) for 8 hours continuous work [28]. All workers
use ear protectors.

The work in the I sector is done by 87 male wor-
kers (in the three shifts) in teams of 3 to 4 workers. It
comprises the activities of machines setup, machines
adjustments, quality control of the packaging during
the imprint process, measurements of paints viscosi-
ty, cleaning and organization of machines and the
sector, and production follow-up. They have tasks of
more cognitive load (such as evaluating the produc-
tion orders, and analysis of the quality of printed
packaging samples collected during production) and
more physical load (such as carrying the support axis
of the off set machines and bobbins of finished prod-
ucts every 25 minutes by two workers). Work is more
dynamic than static, done around the machines, al-
ways in a standing position.

The work in the C/W sector is done by 146 work-
ers (in the three shifts) in 41 machines. Work com-
prises the activities of checking, selecting and bailing
the products, at the pace of the machines. Eventually,
it is necessary to adjust and/or correct some products
and the centralization of the machines. At the end of
the journey, they change the bobbins (with the help of
a male worker), clean the machines and take note of
the production and waste in the control form. Work is
predominantly static, done in front of the machines,
always in a static standing position.

3.2 Physiological evaluation of workload

3.2.1 Salivary cortisol

The levels of cortisol can be used as an index of
stress since its secretion pattern changes in case of
depression, psychological and physiological stress
such as physical exercise and high temperatures. Its
secretion pattern varies among people but tend to be
constant for the same person [36-37]. The Wilcoxon
test for paired data, considering the measurements of
cortisol at the start and end of the journey in two
dates (Table 1), showed significant difference be-
tween start and end data both in the Imprint (p=0.011
on day 1 and p=0.005 on day 2), and in the Cut-
ting/Welding sector (p=0.005 on day 1 and p=0.004
on day 2). The cortisol levels at the start of the jour-
ney are more than twice the levels at the end of the
journey in the three shifts of the two sectors. This is
in agreement with the circadian variation of cortisol,
i.e., higher levels in the morning with a sharp in-
crease at 6:00 AM, decreasing between 9:00 PM and
12:00 PM, with high variability, and a decrease in the
night with low variability [36-37]. However, Hennig
et al. [37] found an effect of the night shift in 24
nurses on the fifth night of nightshift as the cortisol
secretion at 9:00 PM exceeded the concentration
found at 6:00 AM in 18 nurses. The higher levels at
night indicated a reversion of the circadian rhythm,
i.e., adaptation of the workers to the nightshift. In
this study, the cortisol levels at the start and end of
the journey, in the two sectors, are higher in shift 1,
lower in shift 2 and even lower in shift 3 following
the expected cortisol behavior for the time of day.
Therefore, there was no reversion of cortisol secre-
tion, no reversion of the circadian cycle i.e., there
was no physiological adaptation to the shift.

3.2.2 Heart frequency and arterial pressure

Heart frequency (HF) is often used as a measure-
ment of overall workload imposed by a given task on
the worker, varying in accordance to both physical
and mental stress, since the response to a given effort
depends on physiological mechanisms that regulate it
at an appropriate level of work [29,36]. In the begin-
ning of work, there is an immediate increase in HF
and arterial pressure (PAS, PAD e PAM), which tend
to reach a certain level during work [38,48].

HF increases when work is done with the upper
limbs, when work is static (i.e. muscular isometric
contraction), when environmental conditions are un-
favorable (i.e., noisy, humid, hot) and under emo-
tional stressful situations [10,29]. Because HF varies
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with individual characteristics, such as age, sex, state
of fatigue, mood, physical fitness, preparedness for
work and time of day [29], the loading of one and the
same task is perceived differently and, therefore, re-
sponded to in different ways [18].

In order to reduce the effect of individual variabili-
ty, Grandjean [29] suggests the use of the heart rate at
work, or work pulse (WP), defined as the difference
between the mean heart rate (HF) during work (work-
ing pulse), and the heart rate at rest (resting pulse)
recorded with the subject seated, in terms of the
number of beats per minute. 35 WP for men and 30
WP for women are the limits to be used in situations
of continuous work [29]. Other index is the percen-
tage of the maximum aerobic capacity (PMAC) used
to perform the task, calculated by the formula [60]:
PMAC=(average @~ HR  during work-HR at
rest)/(Expected maximum HR-HR at rest), the ex-
pected maximum HR=220-age. 33% is an acceptable
limit of PMAC for an eight-hour working day [60].

For arterial pressure evaluation, besides the systol-
ic (PAS) and diastolic pressure (PAD), the mean ar-
terial pressure (MAP) was calculated based on the
formula proposed by Fox and Mathews [27] and
McArdle et al. [52]: PAM=PD+1/3(PAS-PAD). De-
spite the high population variability, the “normal”
measurements at rest expected for men and women
are: PAS=120 mm Hg and PAD=70 to 80 mm Hg
[52], PAM=70+1/3 (120 -70)=86.6 and 80+ 1/3 (120
- 80)= 93,3. During exercise, PAS increases up to
200 mmHg and PAD up to 79.1-93.4 mmHg [51], the
expected PAM being 79.1+1/3(200- 79.1)=119.4
mmHg to 93.4+1/3(200-93.4)=128.93 mmHg.

Table 1 presents WP, PMCA and arterial pressure
(PAS, PAD and PAM) data on the two dates, for both
the I and C/W sectors. Mann-Whitney U test did not
show statistical difference between the two sectors
for WP and arterial pressure. Considering that work
is heavier (due to load handling) at the I than at the

C/W sector, it can be assumed that the cardiac out-
puts are similar due to the static work at the C/W.

Both in the I and C/W sectors, the Kuskal-Wallis
test showed no statistical difference among the three
shifts, on date 1, regarding WP and PMCA. However,
on date 2, in the I sector, there is a significant differ-
ence on the third (p=0.063) and fourth (p=0.082)
measurements of WP what might be associated to the
high temperatures registered on date 2. The same test
did not show significant difference between the mea-
surements of the three shifts in the C/W sector on
date 2. However, the Friedman test showed signifi-
cant difference in the first day (date 1) for shift 1 re-
garding WP (p=0.041) and PMCA (p=0.041). The
second measurements of WP and PMCA are the lo-
west of the four measurements and the third is the
highest. The reason for the lower WP and PMCA on
date 1 is the lower temperature level, since it has di-
rect impact on FC [48]. None of the shifts in both
sectors exceeded the limits of 30-35 WP and 33% of
PMCA for continuous work in any evaluated date. It
was expected that the arterial pressure were also sta-
tistically significant considering that it should follow
HF behavior [38]. However, there is only difference
on the third PAD measurement of date 1, for the shift
1 of the C/W sector.

Spearman correlation test showed arterial pressure
and FC correlation (p=0.001) between HF and PAM
only for the second measurement on date 1 and the
first measurement on date 2 (p=0.018). Arterial pres-
sure is lower in the C/W sector in comparison with
the I sector. Man-Whitney U test showed significant
difference between PAS (p=0.022) and PAM
(p=0.094) on the second measurement on date 2, the
values being lower in the C/W sector. On the third
evaluation on date 2, significant differences were
found between PAS (p=0.088), PAD (p=0.025) and
PAM (p=0.026), all the values being lower in the
C/W sector. On the fourth evaluation on date 2, there
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Table

1

Summary of the physiological data from 23 volunteers from the three shifts of the Imprint and Cutting/Welding sectors of the packaging
manufacturer company

Wp PCMA Wp PAS

PCMA (%)
(b/min)

(b/min) (mmHg)

PAD PAM

Na/A/s/Na/Ae Cortisol

(mmHg) (mmHg)

Sector Shift/Date 1 2 ! 2

1 215 20.75 10.5 10.25 132.82 131.00
2 14.65
548

13.88

15.75
4.0
13.50

14.5
245
16.50

13.5
245
16.08

140.75
140.5
138.02

133.6
1359
133.50

Imprint

1 17.95 16.5 15.75 14.0 116.9 119.25

Cutting/ 2 17.67 15,50 11.75 10.25 135.83 122.25

welding 3 17.35 1525 17.25 16.25 137.9 129.95

mean 17.66 15.75 14.92 13.50 130.21 123.82

1
81.62
65.19
90.37
79.06
76.55
83.16
85.00
81.57

start end start

2 1 2 1 2 1 2
86.00 99.4 100.5 1.36 1.52 0.54 0.16 0.625
83.7
86.8

85.50

105.1
107.1
103.87

100.25
103.75
101.50

0.87
0.69
0.97

5.82 0.24 0.1
0.24 0.4

0.34 0.22

0.84
03
0.59

57.58
21.64

89.75 89.25 22.97 5.51 0.426

0.3

0.12 0.506

73.58 100.17 83.66 0.86 0.13 0.13

76.55 102.65 97.33 18.46

8.79

0.214 0.192 0.356

74.84 97.52 90.08 8.21 0.31 0.15 0.33

end

0.095
0.14
0.52
0.25

0.174
0.09

0.212
0.16

is also difference between PAD (p=0.040) and PAM
(p=0.041) of the two sectors, the values being always
lower in the C/W sector. Considering the differences
occurred in different days, in different moments with
different people, it can be concluded that the lower
values of arterial pressure are due to the type of work
carried out in the C/W sector.

In work involving few muscles of the upper limbs,
as is the case in the C/W sector, it is expected an in-
crease of AP due to the vessels constriction of the
inactive muscles [10]. The more muscles are active in
a dynamic work, as is the case in the I sector, the
higher is the vessels dilation and the lower is the pe-
ripheral resistance, reflecting in the decrease of AP.
However, in the C/W sector, few upper muscles are
involved, and there is isometric (static) work of the
lower limbs to keep the prolonged standing up static
position. As the work with the upper limbs has lower
impact on the AP increase in comparison with the
work of the lower limbs, one possible explanation for
the AP decrease (and HF increase) in the C/W sector
is a AP reflex response to the long term standing up
static position. This posture imposes that blood stays
in the lower limbs, what leads to less blood return to
the right side of the heart with consequent AP reduc-
tion. This finding is important as it indicates that the
C/W work imposes higher than normal pressure in
the lower limbs, what might be a problem mainly for
the workers with cardiovascular disorders such as
varicose veins.

In the I sector, work is dynamic therefore blood re-
turn is activated by the workers movements, keeping
AP at a normal level. Indeed, there is no increase in
arterial pressure in the I sector, PAM tending to nor-
mal in the three shifts, what is consistent with dynam-
ic work. The Kuskal-Wallis test showed no signifi-
cant difference among the pressure measurements
PAD, PAS and PAM in the four evaluations of the
three shifts on the 2 dates.

3.2.3 Type of workload based on catecholamine data:
Na/A(e)/ Na/A(s)

Since FC is an index of overall workload, Fibiger
et al. [20] proposed that the type of load can be eva-
luated by the rate Nor-adrenaline/Adrenaline, the
higher the rate, more physical being the load, consi-
dering that more adrenaline indicates more mental
load while more nor-adrenaline indicates more physi-
cal load. Fibiger et al. [20] propose that when NA/A
is higher than 5 the load is more physical while rates
between 2 and 3 indicates more mental load. Some
studies  [19,33-35] used the rate  Nor-
adrenaline/Adrenaline at the start of the journey and
Nor-adrenaline/Adrenaline at the end of the journey
(Na/A(s)/ Na/A(e)) to evaluate the type of predomi-
nant load in a given work journey. When the values
are lower than 1, the load is considered to be mental
(M), while values higher than 1 indicate physical
workload (P) [19]. The Kruskal-Wallis test did not
show significant difference in the catecholamine data
as a function of the shift of the two sectors in any of
the collected dates. Because data were collected in
two different dates, in some cases the workload was
more mental in one date but more physical in another,
therefore it was considered that there is no predomi-
nant workload, the work being both mental and phys-
ical (PM). There was no effect of worker characteris-
tics on the results, the workload varying with the in-
dividual for a same task in the same shift and sector,
what is in accordance with De Waard [18].

3.3 Subjective analysis of workload

Despite no statistical difference was found, the
adapted NASA-TLX questionnaire (Table 2) showed
that the workload is perceived as being higher in the I
sector in comparison to the C/W one, mainly in rela-
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tion to effort in the three shifts, temporal demand in
shifts 1 and 3, performance in shift 2 and physical
demand in shift 3. Considering the shifts, the
Kruskal-Wallis test showed significant differences
among physical demand (p=0.00716) and effort
(p=0.0199), in the I sector, which are higher in shift 1
than in shift 2. The differences can be explained by
the production demand for large batches that is higher
in shift 1. In shifts 2 e 3, the demand is for production
of smaller batches. In the C/W sector, the higher
loads are effort in shifts 2 and 3, and performance in
shift 2, although no significant differences were
found in the results of this sector.

L.B. de M. Guimardes et al. / Analysis of the Workload Imposed on the Workers of the Imprint and Cutting

Although the literature emphasizes the difficulties
of working during the night, this study shows that the
stress of the unusual working schedule might be
compensated by some characteristics of night work:
lower temperatures, less noise, less managerial pres-
sure (i.e. more autonomy) what makes it easier for
the worker to cope with the shift, corroborating Ver-
dier et al. [66]. Besides, following the Brazilian law
[14], night work has the advantage of 20% increase in
salary, often a good reason for choosing (or accept-
ing) the unusual shift, in accordance with Monk [54].
55.3% of the participants do not like shiftwork,
89.4% prefer fixed rather than rotating shifts (con-
trary to the proposal of

Table 2

Summary of the physiological and subjective results of the workload evaluation of 23 workers from the Imprint and Cutting/Welding sectors
of the packaging manufacturer company

Physiological MA/Content* Adapted NASA TLX**
sector shift PAS PAD PAM WP (b/min)  PMAC (%) NA/A(s))NA  Mental Physical Mental Physical Temporal  Performanc Effort ] Leve.l Total
(mmHg) (mmHg) (mmHg) IA(e) Demand Demand Demand Demand Demand e Frustration ~ Demand*
1 132.82 83.86 99.95 23 14.25 P 12.24 10.53 1.98 2.67 227 1.41 3.02 0.9 12.29
Imprint 2 137.17 74.5 102.7 14.57 14.62 PM 9.83 8.43 2.09 111 1.65 1.83 1.74 1.27 9.71
3 1382 88.6 105.45 14.98 14.25 P 9.31 9.92 1.95 1.8 2.16 1.02 1.93 2.29 1116
mean 136.06 82.32 102.70 17.52 14.37 10.46 9.63 2.01 1.86 2.03 1.42 223 1.49 11.05
1 118.07 75.47 89.5 16.85 15.12 P 8.18 83 1.98 1.47 118 2.06 2.37 1.02 10.12
Cutti;
e 2 129.04 7837 9191 1471 12,97 PM 749 8 157 122 105 123 192 121 822
Welding
133.93 80.75 99.99 17.3 15.75 P 9.32 9.51 1.64 1.28 1.35 1.5 2.08 1.46 9.34
mean 127.01 78.20 93.80 16.29 14.61 8.33 8.60 1.73 1.32 1.19 1.60 2.12 1.23 9.23

* scale ranging from 0 to 15; ** scale ranging from 0 to 5.

the night and shiftwork literature) and like their work.
The fact that the circadian cycle of all workers in the
nightshift did not adjust to the shift, as indicated by
the cortisol evaluation, did not impact in the results.

3.4 Comparison of physiological and subjective mea-
surements of workload

A summary of the physiological and subjective
measurements of workload is presented in Table 2.
The Kruskal-Wallis test did not show significant dif-
ference between the physiological (Na/A(e)/ Na/A(s))
and subjective workload data (physical and mental
demands evaluated by the adapted NASA-TLX and
MA work content questionnaires) as a function of
shift and/or sector. Therefore, the subjective and phy-
siological data point in the same direction.

Spearman correlation test showed a positive cor-
relation (p=0.016) between physical effort (MA ques-
tionnaire) and physical demand (NASA TLX ques
tionnaire) in the I sector. In shifts 2 and 3 of both I
and C/W sectors there are a positive correlation bet-

ween physical effort and physical demand (p= 0.041
in shift 2 and p= 0.042 in shift 3). In shift 3, there is a
positive correlation (p=0.0026) between mental and
physical efforts and negative correlation (p=0.049)
between physical and mental demands of the adapted
NASA-TLX questionnaire.

4. Conclusion

This article presented a study on the workload im-
posed by the work in the Imprint and Cut-
ting/Welding sectors of a packaging manufacturer
company that operates in three fixed shifts.

Workload was evaluated by physiological (urinary
catecholamine; heart frequency and arterial pressure)
as well as subjective tools (adapted NASA-TLX and
MA Content questionnaires). Physiological data were
obtained from 23 volunteers (10 workers from the
Imprint sector and 13 workers of the Cutting/Welding
sector) in two dates, and the questionnaires were re-
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sponded by the 85 participants (42 from Imprint and
43 from the Cutting/Welding sector).

The statistical results did not show significant dif-
ferences in workload between the sectors. The work
in the Imprint sector demands more physical effort
(due to load handling) in comparison to the Cut-
ting/Welding one, but the latter involves high static
load what makes the overall workload the same. The
physiological parameters varied with the individual
and were consistent with the subjective workload
evaluation. The arterial pressure of the workers from
the Cutting/Welding sector did not follow the heart
frequency, on the contrary, it decreased as heart rate
increased pointing out that the static standing up
posture adopted during all journey imposes a circula-
tory constraint due to the resistance of the returning
blood flow what can lead to serious vascular prob-
lems.

Considering the shifts, there was significant differ-
ence only in relation to physical demand and effort in
the Imprint sector. Their values are higher in shift 1
than in shift 2, what can be explained by the produc-
tion demand for large batches that is higher in shift 1.
Also, there was effect of temperature on the results
from the Imprint sector, the highest workloads being
measured in two moments when temperature was too
high.

The physiological parameters of urinary catecho-
lamine and salivary cortisol were consistent with the
workers biological clock showing that none of them
changed his/her biological cycle to accommodate to
the time of the shift schedule. Although none of the
workers likes shiftwork, they prefer to work in fixed
shifts so they can better adjust their personal lives.
The night shift workers like the extra payment for
night shift, another social effect that probably reduces
the burden of shiftwork.

There was no significant difference between the
physiological and subjective results, making it clear
that subjective parameters are as good as the physio-
logical ones to evaluate workload. Workload is de-
pendent on the type of effort imposed by the work but
is also a subjective experience, varying with the indi-
vidual who can evaluate his/her effort as accurately
as his/her physiological response to the workload
imposed.
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